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Ablon's pat. engine-furnaces, If i 
Academy, royal, exhibition, 16$, 195, 918, 298, 
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Accidents in coal mines, prevention of, 197 
„ on railways, prevention of, SI 
Adams’s branch passenger locomotive 
Adie’s signal balls, 62 
Aerial navigation, 99S 
Affonsoy Brazilian war-steamer, SI 7 
Agricultural traffic on railways, SS6 
Air and water of towns, Dr. Smith on, SU 
Air-pump and atmospheric railway (rev.), 96 
Air-tight granaries, 42 

Alarum for railways — Allen’s, SO ; Baird’s, SI 8 ; 
Brett and Little’s, SO; Brother’s, SO; Dutton’s, 
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Alban’s high-pressure steam-engine (rev.), 211 
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Alleged steam propulsion in 154S, S19 
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American lakes, $19 

American plough, Slocum’s, SI 

Analysis of phosphates, 192 
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tion from cast-iron, 315 

Ancient and modern art, by G. Cleghorn (rev.), 73 
„ book-binding, Cundall on, 29 

„ enamel, Wyatt on, 156 

Ancient Buddhist architecture, J. Fergussonon,124 
Ancient Greek vases, Dr. Harding on, 90, 91 
Ancient pottery, Dwyer on, 91 
Anemometrical researches, by Prof. Phillips, SlO 
Angell’s, Mr., conversazioni, 186 
Annealing glass tubes, 127 
Ansted’s geological lectures,27 
Antimony, manufacture of white paint from, 128 
Antiquarian and genealogist’s companion (rev.), 
27 

Apparatus for supplying boilers with water, 179 
Application of sculpture to architecture, by H. B. 
Gariing, 201 

Application of steam-power to mills, Hastie’s pat., 
115 

Arch at Buckingbam-palace, 7 
Arch bridge, Cowper*s inverted, 8 
Arched timber viaducts, Green’s, S3 
Archer, on monumental brasses, SO 
Arches, Snell on the stability of, 1S2 
Architects, Royal Institution of British, 29, 60, 
89, 124, 150, 186, 221, 380 


Architectural benevolent fund, 186 
Architectural knowledge, Society for publication 
of, 1S7, S26 

Architecture, ancient Buddhist, 124 
Architecture and painting, 165 
Architecture and the “ Art-Journal,” 218 
Architecture, application of sculpture to, 201 
Architecture at the Royal Academy, 16S, 195, 
218, 228, S27 

Architecture, Greek, Penrose on, 150 
Architecture, letters on EJmes’s history of, 8, 58,66 
Architecture, Griffiths on natural system of, 91 
Architecture, pointed, Gwilt on, 29 
Architecture, history of, Tuthill (rev.), 377 
Arch, oblique, Bashforth on, 4 
Art, ancient and Modern, by G. Cleghorn (rev.), 73 
Art, occasional notes upon, F. Lush, 356 
Artificial fuel, Azulay’s pat., 52 
„ stone, Ran some on, 61, 90 

“ Art- Journal” v. Architecture, 218 
Art of enamel, ancient and modern, 156 
Arts, decorative, Wallace’s pat., SOS 
Arts, London Society of, 29, 61, 90, 156 
Arts manufacture exhibition, 101, 380 
Arts, Scottish Society of, 31, 62, 91, 125, 148, 153, 
184 

Art-Union distribution, 160 
Ashbury’s pat. wheels, S69 
Assistant-engineer’s railway guide (rev.), 21$ 
Atmospheric air, dilatation of, 238 
„ jets, velocity of 110 

„ railway and air-pump (rev.), 26 

„ low-pressure, 248 

„ new, 294 

„ valves, Fronde’s pat., 248 

Atmospheric pile-driving machine, Clarke and 
Varley’s, 341 

Atmospheric waves, Birt on, $11 
Attwood’s pat iron manufacture, $71 
Austria, mineral produce of, 190 
Authorship of M Letters of Junius ” (rev.), 21$ 
Auxiliary steam-power for vessels, 126 
Axle-boxes and journals, Normanville’s pat, 369 
Axle-guards and buffers, De Bergue’s pat, 247 
Axles, railway carriage, Berger’s pat., 46 
Azulay’s pat. artificial fuel, 52 

Bacon and Dixon’s pat steam-engine, 111 
Baine’s electro-magnetic musical instruments, 192 
Baird’s railway alarum, S18 
Baker’s pat. steam-boiler furnaces, 247 
Baker’s railway engineering (rev.), 74 


Bakewell’s copying electric telegraph, 191, $17 
Balance bridge, Sadler’s pat., 75 
Balancing of wheels, 222 
Balloon, improved Arcbimedian, 22S 
Banks’s pat. steel tyres, 184 
Bann reservoirs, Bateman on, 185 
Baptist chapel, Bloomsbury, 129 
Barber’s pat. paddle-wheels, 168 
Bar-iron, Russell’s pat., 286 
Barlow’s pat railway keys, S04 
Baron de Goldsmid’s house, 190 
Bashforth on oblique arch, 4 
Bashforth on laying out widths of land for rail* 
ways, 327 

Bashforth’s earthwork tables (rev.), 296 

„ machine for forming teeth of wheels, 
182 

Bateman on the Bann reservoirs, 185 
Bateman’s pat. valves and plugs, 286 
Battersea, new park at, 320 
Beams or girders, deflection and strain of, 258 
„ Fielder’s pat., 189 

Beauland’s, on setting out railway junctions, 124 
Beauty, symmetrical, Hay on, 31 

„ Purdie on the fallacy of, 148 

Beche, De la, on geology of South Wales, 313 
Beechey, on the tides of the English and Irish 
channels, 147 
Bennett, on Irish flax, 31 

Benson, on relative position of coal in South 
Wales, 313 

Berger’s pat railway carriage axles, 46 

Bergue’s pat. axle-guards and buffers, 247 

Beyer’s cylinder-boring machine, 88, 182 

Birkenhead docks, 318 

Birkenhead port and docks (rev.), 68 

Birkmyre’s pat. for smelting ores, 215 

Birt, on atmospheric waves, 311 

Blackburn new market-house, 96 

Black’s pat. steam-boilers, 304 

Blackwall extension railway, 300 

Blackwall railway machinery, 83 

Blast furnace, accident to, 359 

Blasting rocks, 288 

Blewitrs pat. manufacture of iron, 46 

Bloomsbury baptist chapel, 129 
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Boilers, marine, Dundonald’s pat., 286 
Boilers, steam, Black’s pat., 304 
Bone-crushing machine, 283 
Bookbinding, ancient and modern, Condall on, 20 
Boppart, gothic window at, 129 
Boring and sinking, Gard's pat, 170 
Bowstring girder-bridges, 1, 200 
Brandreth, Lt-col., death of, 96 
Brasses, monumental, Archer on, 30 
Brazilian war-steamer, Affonso , 317 
Break and engines, Taylor’s pat., 76 
Break, Chaplin’s pat, 114; Heath’s, 304; Hep- 
burn’s, 32 ; Laignet’s triple, 92 ; Lister's, 304 
Breakwater in Plymouth sound (re?.), 121 
Brees’s railway practice (rev.), 57 
Brett and Little’s railway communicator, 30 
Briant on overcoming break of gauge, 30 
Brick and tile traffic on railways 333 
Bridge at Saltash, for the Cornwall railway, 90 
Bridge, balance, Sadler’s pat., 75 
Bridge, bowstring tubular, 1,300 
Bridge-building, improvements in, 318 
Bridge, Clifton suspension, 318 
Bridge, Conway tubular, 95, 126, 154, 161, 318, 
351 

Bridge, Cowper’s inverted arch, 8 
Bridge, Grainger’s cast-iron skew, 62 
Bridge, Hungerford suspension, 3, 292 
Bridge, overarch suspension, Milne's, 32 
Bridge over the Wye, 127 
Bridge, suspension, at the falls of Niagara, 199 
288 

Bridges, Buchanan on strength of, 125, 153 
Bridges, Clark, on wing walls of, 43 
Bridges, construction of, Moulton’s pat., 23 
Bridges, on the most economical forms of sus- 
pension, 2 

Bristol, sewage and drainage of, 90 
Britain, alteration of outlioe of coast, 186 
British architects, royal institution of, 29, 60, 89, 
124,150, 186,221,380 
„ association, proceedings of, 284, 308 
British isles, hydrographic map of, 315 
Brittern’s pat., heating, lighting, and ventilating, 
370 

Britton, on “ Letters of Junius” (rev.), 315 
Broad and narrow gauge, Briant on uniting, 30 
Broad gauge, litigation on, 96 
Brockedon’s pat. india-rubber joints, 380 
Bronzing metal surfaces, Salzedes pat., 169 
Bronzing of metals by electricity. 127 
Brown, on Irish wants and remedies (rev.), 214 
Brown’s improvement in compass, 381 
Bruce's antiquarian and genealogist’s companion 
(rev.), 27 

Brunton’s pat. for dressing ores, 214 
Brussels lace, 32 

Bryson’s lubricant for machinery, 155 
Buchanan, od strength of materials, 125, 153 
Buchanao’s marine hydrometer, 91 
Buckingham-palace, 7. 36, 257 
Buckle, on the fan blast, 18 

,, on bone-crushing machine, 283 
Buddhist architecture, rergusson on, 124 
Buffer, De Bergue’s pat, 247 
„ Cheshire’s safety, 184 
Buffers, effects of, 197, 292 
Builders’ foremen, institution of, 96 
Building traffic on railways, 334 
Buildings in towns, regulation of (rev.), 27, 55 
Bunnett's pat sewer trap, 25 
Burgess, on theatres of ancient Rome, 233 

Caen, its quarries and buildings, 89 
Caen stone, Donaldson on, 94 
Cambrian engine, 380 
Candidas, on the rival palaces, 36 
Candidus’s note-book, 5, 41, 65, 97, 130, 108 , 193, 
220,257,290,321, 354 
Carbonic-acid- gas engine, 178 
Carbonising wood by high-pressure steam, 320 
Carlton-club designs, 127 
Carriages, railway, collision of, 197, 292 
„ Dunn’s pat., 109 

Carriage traffic on railways, 367 


Carriage-wheels, railway, Evans's pat., 189 
Carrying stock, London and North-Western Rail- 
way, 367 

Caserta, palace at, 7, 36 
Casks or vats, nose-cock for, 185 
Cast and wrooght-iion bridges, Buchanan on, 
125, 153 

Casting wrought-iron, Rocke’s pat., 216 
Cathedral at Florence, 29 

„ of Llandaff, Wyatt on, 141 

„ St. George’s, 290 

Cattle traffic on railways, 243 
Cement, experiments on, 294 
Cement, newly discovered, 319 
I Central railway station, Newcastle-upon-Tyne, 
353 

Centre- vent reaction water-wheel, 110, 171 

Centrifugal force, effect of, 261 

Chance’s pat. reverberatory furnace, 304 

Channel, English, floating tunnel across, 218 

Channels, English and Irish, on the tides of, 147 

Chapels, new, 255 

Chaplin’s pat railway break, 114 

Chapman, on gothic window at Boppart, 129 

Chat- moss, drainage of, 315 

Chemical and electrical forces, Faraday on, 219 

Chemical character of steel, 314 

Chemical principles of geology, Daubeny on, 146 

Chemistry of the sea, 160 

Chesshire’s safety-buffer, 184 

Chloroform, a substitute for steam, 191 

„ solvent power of, 188 I 

Chrimes’ pat. fire-cock, 167 
Church, new, South Hackney, 255 
Circular sawing, 318 
Cisterns, stop- cock for, 185 
Civil engineers’ college, Putney, 192, 256 
Civil engineers’ institution, 61, 90, 122, 155, 185, 
221, 283 j 

„ at the Hague, 127 | 

„ Irish, 63 

Civil and military surveyors, 198, 255 
Clamps, jointing, Kimberley's pat., 373 
Clarke and Varley’s pile-driving machine, 341 
Clarke’s railway statistics, 241, 268, 333, 366 
Clark, on cross-sections of railways, 67, 137 
„ on embankments for reservoirs, 197 

„ on isometrical perspective, 294 

„ on level of distant objects, 230, 264 
„ on wing-walls of bridges, 43 
Clegg’s pat. gas meters, 368 
Cleghorn’s ancient and modern art (rev.), 73 
Clifton suspension bridge, 318 
Clock registering machine, Sharp’s, 63 
Coad’s pt. for combustion of fuel, 216 
Coal beds in South Wales, 313 
Coal bed on fire, 320 
Coal drops at Middlesbro’ docks, 105 
Coal formation, fossil footmarks in, 86 
Coal gas, Hoffman on composition of, 157 
Coal mines, prevention of accidents in, 127 
Coal, report of experiments on, 273 
Coal traffic on railways, 268 
Coast levels, Portlock on, 314 
Coast of Great Britain, alteration of outline, 186 
Coffee-pot, Waller's pat, 115 
Cofferdam, portable, Stevenson’s, 62, 231 
Coinage, observations on, 315 
Coke ovens, Michaut’s pat, 246 
Coke traffic on Railways, 270 
Cole’s pat. high-piessure steam-engine, 342 
Coleraine, removal of a mill at, 63 
College for engineers at Putney, 192, 256 
Collision of trains, 190, 292 
Colonial railways, 96 

Colonial surveying, Whitehead on (rev.), 140 
Colouring and preserving wood, Renard’s paJL,143 
Commission of sewers, 32, 39 
Compass, Brown’s improvement in, 381 
Composite ellipse, Hay on, 185 
Composition of coal gas, Hoffmann on, 157 
Compound beams or girders, Fielder’s pat, 189 
Condenser and boiler, Craddock’s 162 
Condenser, dry, Price’s 284 
Condenser, Schiele’s pat., 114 


Construction of bridges, Moulton’s pat, 23 

„ Greek architecture, Penrose, 150 
Consuming smoke, Kyan’s pat., 113 
Contributions to railway statistics, 241, 268, 333, 
366 j 

Conversazione, Mr. Angell’s, 186 ; Mr. Field*!. 
221 

Conway tubular bridge, 95, 126, 154, 161, 318, 351 
Cooper’s glass-blowing apparatus, 92 
Copper ores, Rivot’s smelting process, 347 
Copper sheathing, 256 

Copper smelting furnace, estimate of cost, 340 
„ in Norway, 320 
Copper traffic on railways, 270 
Copying electric telegraph, 191, 317 
Council of health of Paris, 345 
Coupling-irons, Pratt's pat., 372 
Cousens, Mr., charge of extortion against, 255 
Cowper’s inverted arch bridge, 8 
Cox, on study of mechanics, 223 
Cox, on suspension-bridges, 2 
j Cox’s notes on engineering, 2, 199, 258, 292 
I Craddock's boiler and condenser, 182 
Craddock, on working expansive steam- valves, 141 
Crarapton’s pat. locomotive-engine, 48 
Crane's improvement in railways, 32 
Cresy’s evidence before sanitary commissioners, 
59,81,115 

Cundall, on book-binding, 29 
Cutler’s pat. iron-tubes, 248 
Cylinder-boring machine, Beyer's, 88, 182 

Daguerreotype camera, plate-holder for, 155 
„ plates, 223 

„ effects of light on, 248 

Daubeney, on geological chemistry, 146 
Davidson's elevator and fire escape, 92 
Davies’s pat. rotary steam-engine, 370 
Decomposing power of water 181 
Decorative arts, Wallace's pat., 303 
Decoration, lectures on, at school of design, 96 
Decoration, polygonar, 91 
Dee viaduct, 317 
Deflection or vibration gauge, 1 
Denne’s pat. lubricating composition, 169 
Designs for Carlton club bouse, 127 

„ schools and schoolhouses (rev-), 57 
Design, government school of, 96 
Diamagnetic condition of flame and gases, 187 
Diamond, conversion of, into coke, 287 
Diaphragm double sewer, Moffatt’s pat., 372 
Dinting vale viaduct, by A. S. Jee, 35 
Dissertation on torrents, by Guglielmini, 59 
Dividends, railway, 96 
Divining rod, Penny on, 224 
Docks and port of Birkenhead (rev.), 68 
Docks, Birkenhead, 318; Grimsby, 318; Mid- 
dlesbro’, 105 ; Plymouth, 31S ; Sunderland, 288 
Docks, on the entrances to, by J. Redman, 123 
Dog traffic on railways, 367- 
Donaldson, Prof., on caen stone, 94 
Dotting electric telegraph, 256 
Douche’s pat. application of heat, 303 
Doull, on railways and railway legislation 72 
Dover refuge harbour, 287 
Drainage and sewage of Bristol, J. Green on, 90 
Drainage of part of chat-moss, 315 
„ Niagara river, 191 

„ marshes by steam, 301 

Drain- tiles, new trenches for, 320 
Dry condenser, Price’s, 284 
Dublin terminus, fall of roof, 63 
Dundonald, Earl of, pat. steam-boiler, 286 
Dunn’s pat. railway-wheels and jacks, 169 
Dutton’s railway communicator, 30 
Duty on timber, 160 
Dwyer, on ancient pottery, 91 
Dyer, Charles, death of, 96 
Dyer’s tinctoria, on the cultivation of, 31 

Earthwork tables. Baker's (rev.), 74 

„ Bashforth’s (rev.), 296 

„ Cox's, 199 

,, Sibley and Rutherford’s, (rev.) 
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Earthenware piping, 381 
Economising fuel, in gas-works, 155 
Elasticity, defect of, 263 

Electrical and chemical forces, Faraday on, 219 
Electricity, lighting by, Staite*B pat, 49 
„ of mineral veins, 189 
Electric light, Le Mott’s, 379 
Electric telegraphs, 9, 217 

„ (rev.), 176 

Electric telegraph company, 96 

„ copying, 191, 317 

„ dotting, 256 

„ employed by publicans, 127 

„ Holmes’s improvements in, 224 

„ Hydraulic, 127 

Electro-bronzing of metals, 127 
Elevator for raising building materials, David* 
son's, 92 

Elevator, railway, Fothergill’s, 8S0 
Elmes, Harvey, death of^ 61, 64 
Elmes’s history of architecture, letters on, 8, 58, 65 
Embankment for reservoirs of waterworks, 197 
,, widths of, Bashforth on laying-ont, 

327 

Enamel, art of ancient and modern, 156 
Engine and breaks, Taylor’s pat., 76 
„ boilers, Exall’s pat., 342 

„ carriages, Taylor’s pat., 23 

„ „ Pearson’s pat., 167 

„ propellers, Maudslay’s pat., 395 

„ trains, Samuel’s, 223 

Engine, Bacon and Dixon’s pat., Ill 
„ counter, Richmond’s, 61 
„ Crampton’s pat. locomotive, 48 
Engine furnaces, blast of, Ablon’s pat., 372 
„ governors, 255 

„ Gustafsson’s vibratory piston-rod, 24 
„ high-pressure, Alban (rev.), 211 
,, hydraulic pressure, Glyn’s, 314 
„ propelled by carbonic-acid-gas, 178 
„ Heaton’s pat., 189 
„ Ritchie’s pat., 306 
„ rotary, fallacies of, 281 
„ Wilson’s pat-,285 

„ steam, Regnault’s theory, 236, 268, 338 
„ Siemen’s pat. 249 

„ Wicksteed’s, 104 

Engineer’s, civil College, Putney, 195, 240 

„ institution of, 61, 90, 122, 155, 

185,221 

,, Irish institution of, 63 

„ institution at the Hague, 127 

,, of mechanical, 87, 182, 

221, 283 

„ railway guide, Haskoll (rev.), 213 
Engineering, notes on, No. VUI., 2 ; IX., 199 ; 
X.,258; XI., 292 

„ of the Rhine and Moselle, 155 
,, railway, Baker on (rev.), 74 
English and Irish channels, on the tides of, 147 
„ patents, new, lists of, 32, 64, 96, 128, 160, 
192, 224, 256, 288, 320, 352, 382 
Entrances to docks, Redman on, 123 
Ericsson, on supply of water to steam-engine 
boilers, 179 

Erskine’s cocks for cisterns and casks, 185 
Essay on the air-pump and atmospheric railway 
frev.), W. Turnbull, 26 
Ether, a substitute for steam, 191 
Evans’s pat. railway carriage wheels, 189 
Evaporation, Black’s pat. for, 304 
Exall’s pat. steam-boilers and engines, 342 
Exhibition, Royal Academy, 163, 195,218,228, 
326 

„ Society of Arts, 101 
Expansive and higb-pressnre steam-engine, Cole’s 
pat 342 

„ rotary steam-engine, Wilson’s pat., 285 
„ steam-valves, improved mode of work- 

ing, 141 

„ working of steam, 158 

Experiments on coals, 278 

„ cements, 294 

Explosions of steam-boilers, Wilder (rev.), 178 


Explosions in steam-engines, prevention of, 381 
Export and import of metals, 198 
Expres*, steam-boat, launch of, 319 
Extension of south-western railway, 254 
Extinguishing fires at sea, mode of, 318 
Extraction of silver from its ores, Perry on, 315 
Extraction of gold, new method, 381 

Fall or rain, Homersham on, 449 
Fan-blast, Buckle on, 19 
Faraday, on chemical and electrical forces, 219 
„ diamagnetic condition of flame and 
gases, 187 

Fenwick’s vibration or deflection gauge, 1 

Fergusson, on ancient Buddhist architecture, 124 

Fielder’s pat. beams or girders, 189 

Field’s, (Mr.) conversazione, 221 

Findley, on lighthouses, 61 

Fires at sea, mode of extinguishing, 318 

Fire-cock, Chrime’s pat. 167 

Fire, carious phenomena of, 127 

Fire-escape and elevator, Davidson’s, 92 

Fire-proof buildings, 357 

Fire-proof wood, Payne’s pat. 287 

Fishes, effects of weight of water upon, 160 

Fish traffic on railways, 334 

Flame and gases, diamagnetic condition of, 187 

Flax (Irish) Bennett, on the growth of, 31 

Flaxman’s works, 96 

Fletcher’s pat. for silvering speculums, 115 
Floating bodies, on the stability of, 357 
Floating tunnel across the channel, 218 
Florence cathedral, 29 
Fluids (elastic) dilatation of, 213 
“ resistance to bodies in, 106 
Fontainemoreau’s pat. tubes, 216 
Fossil footmarks in the coal formation, 86 
Foreland lighthouses, 319 
Fothergill’s jacquard perforating-machine, 88, 225 
Fothergill’s railway elevator, 380 
Fox’s (Dr.), fire-proof buildings, 

France, steam-power of, 352 
French railways and French revolutions, 119 
Friction-hammer, Jones’s, 128 
Fronde’s pat. atmospheric railway-valves, 248 
Fuel, Azulay’s pat., artificial, 52 
Fuel, combustion of, 216 
Fuel, economy of. Douche’s pat, 303 
Fuel in gas-works, Kemp, on economising, 155 
Furnaces and blowing-machines, Lloyd’s pat., 843 
„ application of healed gases from, 284 
„ reverberatory, Chance’s pat., 304 
„ steam-boiler, Baker’s pat, 247 
Fyfe, on value of gases, 184 

Gallery, National, 97, 291 
Gard’s pat. bor boring and sinking, 170 
Garling, on the application of sculpture to archi- 
tecture, 201 

Gas apparatus, Watson’s pat. self-acting, 342 
Gas and flame, on the diamagnetic condition of, 
187 

Gases, density of, 265 
Gases, Fjfe, on the value of, 184 
Gases, heated, application of, 284 
Gas from water, 293 
Gas improvements, Palmer’s pat., 25 
„ meters, Clegg’s pat., 368 
Gas motive-power, 128 
Gas, purifying with sulphate of iron, 128 
Gas-stove, Brockedon’s pat., 143 
Gas, Taylor, on the purity of, 89 
Gas thermometers, Regnault on, 339 
Gas-works, economising fuel in, 155 
Gas-works, natures, 288 
Gas-works, safety pressure-gauge, 3S2 
Gauge, broad and narrow, Bryant’s plan for 
uniting, 30 

Gauge for steam-boilers, Newton’s pat., 58 
Gauge question, compromise of, 223 
Gauge question, litigation on, 96 
Genealogist and antiquarian’s companion, by W. 
Bruce (rev.), 27 

Geological chemistry, Prof. Daubeny on, 146 


Geological discovery, 352 
Geological lectures, by Prof. Anited, 27 
Geology of South Wales, 313 
Geometry for the million, Tate’s (rev.), 138 
Geometrical lines and optical corrections of the 
Greek architects, 150 
Georges (St.) cathedral, 22P 
Gilbert’s pat. sack-holder, 111 
Girders or beams, deflection and strain of, 268 
Girders or beams, Fielder’s pat., 189 
Girders, wrought-iron bowstring, 1, 200 
Gladstone’s iron lever bridge, 380 
Glass-blowing apparatus, Cooper’s, 92 
Glass, Chance’s pat. improvements, 304 
Glass painting, by M. de Ron, 30 
Glass perforating, Lockhead’s pat., 307 
Glass, plate, Hartley’s pat., 144 
Glass, plate, trade, 816 
Glass tubes, on annealing, 127 
Glyn, on draining marshes by steam, 301 
Glyn, on hydraulic- pressure engines, 314 
Goldsmid’g (Baron de) house, 190 
Gold, new method of extracting, 381 
Gooch, on resistance to railway trains, 155, 186 
Good’s traffic on railways, 366 
Gothic window at Boppart, on the Rhine, 129 
Governors, steam-engine, 255 
Grainger’s cast-iron skew-bridge, 62 
Grain traffic on railways, 835 
Granaries, air-tight, 42 
Grandi, on the motion of water, 81 
Granite, extraordinary block of, 381 
Great Britain steamer, sale of, 320 
Great-western docks, Plymouth, 318 
Greek architecture, Penrose, on the peculiari- 
ties of, 150 

Greek vases, Dr. Harding on, 90, 91 
Green’s arched timber viaducts, S3 
Green, on the sewage and drainage of Bristol, 90 
Green sand formation, phosphates in, 191 
Gregory’s mathematics (rev.), 209, 249 
Gresham professorship, 286 
Griffiths, on the natural system of architecture, 
91 

Grimsby docks, 318 
Guano, mineral, 285 
Guglielmini on torrents, 59 
Guide to the regulation of buildings in towns 
(rev.), 27, 55 
Gun metal, testing of, 381 
Gustafsson’s vibrating piston-rod engine, 24 
Gutta perch a boats, 319 
Gwilt, on pointed architecture, 29 
Gypsum, indurated, 288 

! 

I Hackney, (south) church, 255 
Hague, institution of civil engineers at the, 127 
Haigh’s pat. for measuring water, 371 
Hammer, Jones’s friction, 128 
Hammer, steam, Nasmyth’s pat., 302 
Hann’s theoretical and practical mechanics (rev.), 
37 5 

Harbour, Dover, 287 

Harbours of refuge, Earl Lovelace on, 222 
Harbours, on shoals at the entrances of, 186 
Harding, on greek vases near Hexamili, 90, 9i 
Harding, on progress of the railway system, 368 
Harlow's atmospheric railway, 224 
Harmonic ratios, Purdie on the fallacy of Hay's 
theory, 148 

Harmony of form, Hay on, 160, 185 
Harrison, on the coast of Great Britain, 186 
Harrison’s wrought-iron tubular bow-bridge, 1 
Hartley's patent plate-glass, 144 
Haskoll’s assistant engineer’s railway gaide 
(rev.), 213 

Hastie's pat., application of steam-power to Mills, 
115 

Hay, on symmetrical beauty, 31 
Hay’s theory of symmetrical boanty, Purdie, am 
the fallacy of, 148 

Hay, on the harmony of form, 160, 185 
Health of towns bill, 130 
Health of towns comnisstom, 39 
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Health of towns, Dr. Smith on, 311 
Health of towns, the government and the pro- 
fession, 17 

Heath's pat. railway-break, 304 
Heating, lighting, and ventilating, Brittern's pat., 
370 

Heaton’s pat. locomotive-engines, 189 
Height of waves, Captain Stanley on, 310 
Henwood’s pat. for steeriog vessels, 47 
Hepburn, on the prevention of accidents on rail- 
ways, 31 

Hepburn's rail way -break, 32 
Heppell, on resistance to bodies in fluids, 106 
High-pressure boilers, Smith on, 283 
High-pressure steam for carbonising wood, 320 
„ generator, Leon’s, 360 

High-pressure and expansive engines, Cole's pat., 
342 

Hints to planters, 63 

Hiftory of architecture, letters on Mr. Elmes’s, 
8, 58, 65 

Hoare’s railway telegraph and alarum, 30 
Hoffman, on the composition of coal gas, 157 
Holmes's electric telegraph, 224 
Holyhead steam-packet, Llewellyn , 190 
Homersbam, on the fall of rain, 349 
Homersham, on supply of water to Manchester, 
&c., (rev.), 177 
Horse traffic on railways, 367 
Hosking’s guide to the regulation of buildings in 
towns (rev.), 27, 55 
Hotel de Ville, Paris (rev.), 99 
Houses of parliament, 245, 278, 295 
Houses of parliament, expenses of, 92, 228 
Howard, on plate-glass trade, 316 
Humphrey's pat. screw propellers and pumps, 247 
Hoogerford suspension bridge, 3, 292, 364 
Hunt's pat. gas-burners, 114 
Hunt, on the electricity of mineral veins, 189 
Hydraulic lifting jack, Thornton’s, 87, 217 
Hydraulic pressure engines, 314 
Hydraulic starting apparatus, 183 
Hydraulic telegraph 127 
hydraulic or steam-wheel, Sims's, 351 
Hydrographic map of the British Isles, 315 
Hydrogeo gas as a motive power, 379 
Hydrometer, marine, Buchanan’s, 91 

l'ANsoN,on mural paintings in Liogfield church, 29 
I’ailSOfl, on building sewers, 29 
Ice, comparative value of, 352 
Illumination of lighthouses, 173, 205 
Illuminating power of gas, mode of estimating, 
184 

Imperial insurance-office, Old Broad-street, 193 
Import and export of metals, 198 
Improvements in bridge building, 318 
Improvements of inland navigation, 53 
Improvement of steam navigation, 311 
Indian railways (rev.), 103 
India-rubber tube-cocks, Jennings’s pat., 144 
India-rubber joints, Brockedon’s pat., 380 
Indian waterfall, 319 
Indurated gypsum, 288 
Inland navigation, by A. P. Perceval, 53 
Inlaying metals, Motay’s pat., 217 
Institute of British architects, 29, 60, 89, 124, 
150,186,221,283, 380 
Institution of builders foremen, 96, 

Institution of civil engineers, 61, 90, 122, 155, 
185, 221, 283 

Institution of civil engineers of Ireland, 63 
Institution of engineers at the Hague, 127 
Institution, Royal Polytechnic, 96, 159 
Institution of mechanical engineers, 87, 182. 222, 
283,380 

Invention of tubular bridges disputed, 218 

Inverted arch bridge, Cowperis, 8 

Invisible musicians, 192 

Irish and English channels, on the tides of, 147 

Irish wants and remedies (rev.), 214 

Irish flax, Bennett on, 31 

Ireland, institution of civil engineers of, 63 

Ireland, railways in (rev.), 214 

Iron, manufacture of, Attwood’s pat., 371 


Iron, Manufacture of, Blewitt’s pat, 46 ; New- 
ton’s, 170 ; Russell’s, 286 ; Vickers, 47 
Iron bridges, Buchanan on, 125, 153 
Iron lever bridge, Gladstone’s, 380 
Iron, Norton’s machine for rolling, 191 
Iron ore in Algiers, 191 
Iron prod nee of Pennsylvania, 284 
Iron, Rocke’s pat. for casting, 216 
Iron, sulphate of, for purifying gas, 128 
Iron skew bridge, Grainger’s, 62 
Iron, the effects of zinc on, 187 
Iron tubes, Cutler’s pat., 248 
Iron tabular bowstring bridges, 1,200 
Iron traffic on railways, 270 
Iron trass railway bridge, Rider’s, 30 
Iron vessels, construction of, 225 
Isometrical perspective, 230, 294 

Jack, Thornton’s hydraulic, 87, 217 
Jackson on engineering of the Rhine and Moselle, 
156 

Jackson’s hydraulic starting apparatus, 183 

Jacquard perforating machioe, 88, 225 

Jee’s Dinting Vale viaduct, 35 

Jenning’s pat, india-rubber tube-cocks, 144 

Jones’s friction hammer, 128 

Johnson’s pat. for refining silver and lead, 143 

Junius’s letters, authorship of (rev.), 213 

Kay, Mr., death of, 61 

Kemp, Mn economising fuel in gas-works, 155 
Kendall’s designs for schools and school -houses, 
57 

Keys, railway, Barlow’s pat., 304 
Kiln, porcelain, Newton’s pat., 145 
Kimberley’s pat. jointing clamp, 373 
Kinsman’s pat. rotary-engines, 216 
Kyan’s pat. for consuming smoke, 113 

Lace, Brossels, 32 

Lakes of America, 319 

Lanthorn, new mining, 255 

Lap and lead of the slide-valve, 14, 37 

Launch of the Express, 319; New Star , 319; 

Llewellyn , 193; Taman, 366 
Law’s inathemotics for practical men (rev.), 209, 
219 

La\ ard’t remarks on Nineveh, 60 
Lead and silver, Johnson's pat. for refining, 143 
Leather hangings, Poynter on, 61 
Lecture, Playfair's introductory, 376 
Lectures on geology, by Prof. Ansted, 27 
Lectures on civil engineering, W. Ranger (rev.), 378 
Leon’s high-pressure steam generator, 360 
Letters of Junius, authorship of (rev.), 213 
Lifting-jack, Thornton’s hydraulic, 87, 217 
Light, effects of, in photography, 284 
„ engines and trains, 223 
Lighthouse on the Skerryvore rock (rev.), 173, 
205 

Lighthouses at the South Foreland, 319 
„ Findlay on, 61 

Lighting, heating, and ventilating, Brittern’s pat., 
370 

Lighting by electricity, Staite’s pat., 49 
Lime, traffic on railways, 270 
Lingfield church, mural paintings in, 29 
Lists of new patents, 32, 64, 96, 128, 160, 102, 
224, 256, 288, 320, 852, 382 
Listens railway breaks, 304 
Little and Brett’s railway communicator, 30 
Liverpool, supply of water from the new red 
sandstone, 188 

„ survey, 278 

„ waterworks, 127 

Lockheed's pat. for perforating glass, 807 
Locomotive carriage apparatus, Wrigbton’s pat., 
246 

„ wheels, Evans’s pat, 180 

Locomotive-engines and breaks, Taylor’s pst., 76 
„ carriages, Taylor’s pat., 

23 ; Pearson’s, 167 

Locomotive-engines, Crampton’s pat., 48 ; Hea- 
ton’s, 189 ; Ritchie’s, 306 
Locomotive propelled by manual labour, 192 


Locomotives, branch passenger, 382 
London and North-Western railway carrying 
stock, 367 

London, ordoance survey, 96, 198, 255 
„ society of arts, 29,61, 90, 156 
Lovelace, Earl, on harbours of r efuge, 222 
Lowe’s pat., manufacture of ores, 214 
Low-pressure atmospheric railway, 284 
Lubricant, new, for machinery, 155 
Lubricating composition, Deone’s pat., 169 
Lush’s notes upon art, 356 
Lyell, on fossil footmarks in the coal formation, 86 
Llandaff cathedral, Wyatt on, 141 
Llewellyn steam-packet, 190 
Lloyd’s pat. furnace and blowing-machine, 343 

M’Coll’s railway alarum, 32 
M’Connell, on balancing of wheels, 222 
Machine for rolling iron, Norton’s, 191 
„ for quarrying, 160 
Machinery, Blackwall railway, 83 
„ new lubricant for, 155 
Madder, colouring property of, 284 
Mail conveyance on railways, 338 
Malleable iron railway chair, Robb’ft, 31 
Malleable iron lever bridge, Gladstone’s, 380 
Mammoth machine, 192 

Manchester, &c., supply of water to (rev.), 177 
„ and Sheffield railway, goods traffic on. 
367 

Manual power locomotive, 192 
Manure traffic on railways, 336 
Map, hydrographic, of the British isles, 315 
Maps of the ordnance survey, 287 
Marble arch at Buckingham palace, 7 
Marine engines and propellers, Maudsley’g pat., 
305 

„ hydrometer, Buchanan’s, 91 
„ steam-boilers, Dundonald’s pat., 286 
Market-house at Blackburn, 96 
Marshes, draioage of, by steam, 301 
Mathematics for practical men, Gregory’s (rev.) 
209, 249 

Maudsley’s pat. engines and propellers, 305 
Measurement of temperatures, 338 
Mechanical engineers, institution of, 87, 182, 222, 
283 

Mechanics, study of, 323 

„ theoretical and practical, Hann’s (rev.), 

375 

Mechanism, new element of, 315 
Medals of R. I. B. A., award of, 124, 125 
Mercury, density of, 267 
Metals bronzed by electricity, 127 
„ import and export of, 198 
„ Motay’s pat. for inlaying, 217 
„ process for uuiting, 187 
„ Salzede’s pat. for bronzing, 169 
Metropolitan sanitary commission, 17 
„ sewers act, 287 

Michaut’s pat for manufacture of coke, 246 
Middlesbro’ docks and coal drops, 105 
Mill, removal of, near Coleraine, 63 
Miller, on analysis of wronght-iron, 

Mills, application of steam-power, Hastie’s pat., 
115 

Military surveyors and civil surveyors, 198, 255 
Milne’s overarch suspension bridge, 32 
Mineral guano, 285 

„ produce of Austria, 190 
99 traffic on railways, 334 
„ veins, electricity of, 189 
Mines, ventilation of, Wilcock’s pat., 22 
Mining apparatus, Puis’s pat, 248 
„ lanthorn, new, 255 
Mints, observations on, by Mr. Smith, 815 
Miscellaneous goods traffic on railways, 366 
Mitchell’s safety-wheel ring-revolver, 63 
„ screw-pile and moorings, 122 
Mode of extinguishing fire at sea, 318 
Moffat’s railway alarum, 32 

„ pat., improvements in sewers, 372 
Monumental brasses, Archer on, 30 
Moselle and the Rhine, engineering of, 155 
Motay’s pat for inlaying metals, 217 
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Motiqn of water, by Guido Grandi, 81 
Motive power obtained by gas, 128 
Moulton’s pat. for costraction of bridges, 28 
Moral paintings in Lingfield church, 1’anson, 29 
Musical instruments played by electro-magnetism, 
192 

NasmVth, on chemical character of steel, 314 
„ on the effects of zinc on iron, 187 
Nasmyth’s pat. steam-hammer, 302 
„ steam pile-driver, 289 
National Gallery, new, 96, 291 
Natural gasworks, 298 

„ system of architecture, by W. Griffiths, 91 
Navigation, inland, Perceval on, 53 

„ steam, Scott Russell on, 311 
Navy, steam, 75 
Newall’s pat. sash-line, 156 
New baptist chapel, Bloomsbury, 129 
Newcastle-upon-Tyne central railway station, 358 
New cement, 319 

New element of mechanism, by R. Roberts, 315 

New electric light, Le Mott’s, 379 

New houses of parliament, 92, 228, 245, 278 

New lubricant for machinery, 155 

New market-house at Blackburn, 96 

New method of cutting trenches for drain-tiles, 823 

New method of treating the ore of platinum, 128 

New National Gallery, 96, 291 

New palace of Westminster, 245, 278, 295 

„ expenses of, 92, 228 

New park at Battersea, 320 
New patents, lists of English, 32, 64, 96, 128, 160, 
192, 224, 256, 288, 320, 352, 382 
New patents, register of, 22, 45, 75, 111, 143, 167, 
214, 246, 285, 302, 342, 368 
New red sandstone, supply of water from, 188,381 
New rifle barrel, 192 
New Star steamboat, 319 
New steam or hydraulic- wheel, 351 
New steam-ship basin, Portsmouth, 191 
New theatre at the Polytechnic Institution, 96, 
159 

Newland, on survey of Liverpool, 278 
Newton’s pat, manufacture of iron, 170 

„ manufacture of pigments, 215 
„ porcelain kiln, 144 

„ railway-wheels, 114 

„ water-gauge, 52 

Niagara river, sudden draining of, 191 

„ suspension bridge, 191, 288 
Nineveh, remarks on, by Mr. Layard, 60 
Norman ville’s pat. axle-boxes and journals, 369 
Norton’s machine for rolling iron, 191 
Note-book, Candid us’s, Fasciculus LXXVII, 5 ; 
LXXXIII., 41 ; LXXIX., 65 ; LXXX., 97 ; 
LXXXI.,180; LXXXII.,162; LXXXIII., 
193; LXXX IV., 226; LXXXV., 257; 
LXXXVI., 290; LXXXVII., 321; 
LXXXV1II., 354 

Notes of the month, 32, 95, 127, 160, 190, 228, 
255, 287, 317, 351, 381 

Notes on engineering, No. VIII., 2 ; IX., 199 ; 

X.,258; XI., 292 
Notes upon art, by F. Lash, 856 

Obituary : Harvey L. Elmes, 61, 64 ; Mr. Kay, 
01; Charles Dyer, 96 ; Henry Brandreth, R.E., 
96 ; George 8tephenson, 297, 329, 361 
Oblique arch, Bashforth on, 4 
Occurrence of vanadium in the refinery slag, 319 
Onion's rotary engine, 284 
Ordnance maps, 287 

„ survey of London, 96, 198, 255 
Ore, copper, Norwegian mode of smelting, 320 
„ Rivot’s process for smelting, 347 
Ore of platinum, new method of treating, 128 
„ Wall’s pat for separating iron from, 1.44 
Ores, Birkmire’s pat. for smelting, 215 
,, Bran ton’s pat for dressing, 214 
„ manufacture of, Low’s pat, 214 
Ormerod on drainage of Chat-moss, 315 
Overarch suspension-bridge, Milne’s, 32 
Oxides of zinc, Rochaz’s pat., 343 


Paddle-wheels, Barber’s pat, 168 
Paint manufactured from antimony, 128 
Painting and architecture, letters on, 165 
Paintings in Lingfield church, 1’ Anson, 29 
„ on glass, by M. de Ron, 30 
Palace at Caserta, 7, 36 

„ Buckingham, 7, 36, 257 

„ of Westminster, 245, 278, 295 

f ft expences of, 92, 228 

Palmer s patent gas improvements, 25 
Paper-hangings coloured with nitrate of silver 160 
Parcels traffic on railways, 336 
Paris, council of health of, 345 
,, Hotel de Ville (rev.), 99 
Park at Battersea, new, 320 
Parker on the velocity of atmospheric jets, 110 
Parker’s reaction water-wheels, 110, 171 
Parliament houses, new (rev.), 295 
n » *9 if 92,228,245,278,295 

Passengers and fares on railways, 241 
Passenger locomotives, 382 
Patents, English, lists of, 32, 64, 96, 128, 160, 
192, 224, 256, 288, 320, 352, 382 

register of new, 22, 45, 75, 111, 143, 
167, 214, 246, 285, 302, 342, 368 
Patents 

Atmospheric railway valves, Froude, 248 
Axle- boxes and journals, Normanvllle. 369 
Axle guards and buffers, De Bergue. 247 
Balance bridge, Sadler, 75 
Bar Iron, Russell, 286 
Beams or girders, Fielder, 189 
Boring and sinking, Gard, 170 
Bridge, balance, Sadl»r, 75 
Bridges, construction of, Moulton, 23 
Bronzing metal surfaces, Salxede, 169 
Coke ovens, Mlchaut, 246 
Condensing steam, Schiele, 114 
Coupling irons, Pratt, 372 
Decorative arts, Wallace, 303 
Electricity, lighting by, Stvlte, 49 
Engines, rotary. Kinsman, 216 
Fire cock, Chrimes, 167 
Fuel, artificial, AzuJay and Solomons, 52 
„ combustion of, Coad, 216 
Furnaces and blowing machines, Lloyd, 343 
Furnaces, blast of, Ablon, 872 
Gas apparatus, self-acting, Watson, 342 
Gas burners. Hunt, 114 
Gas, improvements In, Palmer, 25 
Gas meters, Clegg, 368 
Gas stove, Brockedon, 148 
Gauge for steam-boilers, Newton, 52 
Glass manufacture. Chance, 304 
Glass, perforating, Lockhead, 907 

Ir ° n i70“vftr 47 * AtV00i> m > Blew,M > 48 » Norton 

Iron, wrought, casting of, Rocke, 216 
Jointing clamps, Kimberley, 878 
Locomotive carriage wheels, Evans, 189 
Locomotive^ engines, Crompton, 48 j Heaton, 189 1 Bit 
cme, oOo 

Locomotive engines and breaks, Taylor, 76 
Locmnotive engines and carriages, Pearson, 167 1 Taylor 

Lubricating composition, Denne, 169 
Metals, inlaying and coating, Motay, 217 
Mills, application of steam power to, Hattie, 115 
Mining apparatus, Puls, 248 
Ores, dressing, Bruntou, 214 j Low, 214 
Ores, smelting, Birkmyre, 215 
Ores, separating Iron from. Wall, 144 
Paddle wheels. Barber, 168 
Pigments, manufacture of, Newton, 215 
Plate glass, Hartley, 144 
Pneumatic spring, Poole, 45 
Porcelain kiln, Newton, 145 
Propellers, Mandalay, 805 


Propelling blades. Stow, 286 
Rails, laying down of. 


o — •- w. t Gordon, 870 
Railway apparatus, Wrighton, 246 
Railway bare and chain, Shaw, 170 
Railway break. Chaplin, 114 , Heath, 804 j lister, 804 
Railway carriage axles, Berger, 46 
Railway carriages, De Bergue) 247 j Dunn, 169 
Railway keys, Barlow, 804 
Refining silver and lead, Johnson, 148 
J 01 ?? 2W * Wilson, 285, Davits, 37< 

8ack holder, Gilbert, 111 
Screw propellers and pumps, Humphreys, 34 7 
Sewer, diaphragm double-acting, Moffatt, 872 
Sewer trap, Bunnett, 25 
Silvering speculums, Fletcher, 115 
Smoke consuming, Kyan, 113 
Steam boilers. Black, 804, Earl of Dundonald, 286, 

8 team boilers and engines, Exall, 842 

8 team boiler furnaces, Baker, 247 

Steam engines, Bacon and Dixon, 111 ; Siemen, 249 

Steam engines, high-pressure. Cole, 842 

Steam furnaces, economy of fuel in, Douche, 303 


Patents fcontinuedj 

Steam hammer, Nasmyth and Gatkell, 802 

Tubes, lap-welded, Cutler, 248 

Tubes, manufacture of, Fontainemorean, 216 

Tubular flues, Pott, 368 

Turn-tables, Thorold, 303 

Valves and pings, Bateman, 286 

Valves, self-acting, Walmsley, 871 

Ventilation and lighting, Brittern, 870 

Ventilation of mines, WUcock, 22 

Vibrating piston-rod engine, Gosteteson, 24 

Water gauge, Newton, 52 

water, measurement of, Haigh, 87 1 

Wood, preserving and colouring, Renard, 143 

Wheels, manufacture of, Ashbury, 869 

Zinc, oxide of, Rochas, 307, 848 

Paving of streets, 272 

Pavement, wood, action for infringement of patent, 
256 

Payne’s pat. fireproof wood, 287 
Pearson’s pat. locomotive engines and carriages,167 
Peck and Pardee’s pat lever vice, 373 
Peculiarities in the construction of Greek archi- 
tecture, by F. Penrose, 150 
Peuoy, on the divining rod, 224 
Penrose, on the geometrical lines and optical cor- 
rections of the Greek architects, 150 
Pennsylvania, iron produce of, 284 
Perceval, on inland navigation, 53 
Percy, on extraction of silver from its ores, 315 
Perforating glass, Lockhead’s pat., 307 
„ machine, Jacquard, 88, 225 
Permanent-way deterioration of, 381 
Perspective, isometrical, 230, 294 
Peterman’s hydrographic map of the British isles, 
315 

Phenomena of fire, 127 
Phillips’s prof, anemometrical researches, 310 
Phosphates in the green sand formation, 191 
„ Analysis of, 192 
Photography, effect of light in, 284 
Pigments, manufacture of, Newton’s pat., 215 
Pile driver, steam, Nasmyth's, 289 
„ driving machine, Clark and Varley’s, 341 
Pipes for sewage, 96 

Piston, on the influence of the rapid motion of, 158 
,, rod engine, Gustafsson’s vibrating, 24 
Fitter’s archimedian balloon, 223 
Plan-pricking instrument, 272 
Planters, hints to, 63 
Plants, salt a poison to, 312 
| Plate-glass, Hartley’s pat., 144 
| „ trade, Howard on, 316 

Plate-holder for the daguerreotype camera, 155 
Platinum, new method of treating the ore of, 128 
Playfair’s introductory lecture, 376 
Plough, American, Slocnm’s, 31 
Plymouth docks, 818 

„ sound, breakwater in (rev.), 121 
Pneumatic spring, Poole’s pat., 45 
Pointed architecture, Gwilt’s remarks on, 22 
Pole's translation, Alban’s high pressure steam- 
engine, (rev.), 211 
Poole's pat pneumatic spring, 45 
Polygooar decorations, 91 
Polytechnic institutions 96, 159 
Porcelain kiln, Newton’s pat., 145 
Port and docks of Birkenhead (rev.), 68 
Portable cofferdam, Stevenson’s, 62, 231 
Porticoes of ancient Rome, 238 
Portland cement, 294 
Portiock, on coast levels, 814 
Portsmonth, new steam-ship basin at, 191 
Pott’s pat tabular floes, 868 
Pottery, ancient. Dwyer on 
Poynter, on leather hangings, 61 
Pratt’s pat. conpling irons, 872 
Precautions on railways, Harding’s, 82 
Preservation of wood for sleepers, 224 
Preserving and colonring wood, Renard’s pat., 148 
Pressure engines, hydraulic, 314 
Pressnre-gange for gas-works, 382 
Prevention of accidents in coal mines 
Prevention of explosions in steam-engines, 381 
Price’s dry condenser, 284 
Principles and practice of building sewers, I'anson 
on, 29 
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Principles of geometry, Ac., T. Tate (rev.), 138 
Proceedings of scientific societies, 29 ,4H), 87,122, 
182, 221, 283, 280 

Production of the beautiful, Pnrdie on, 142 
Progress of the railway system, W. Harding, 308 
Propellers and engines, Maudslay’s pat, 80S 
„ pumps, Humphrey’s pat., 247 
Propelling blades, Stow’s pat, 286 
„ by means of gas, 128 
Provision traffic on railways, 835 
Publication of architectural knowledge, society 
for, 137 

Puis's pat. mining apparatus, 248 
Pulley, a new application of, 92 
Pumps and screw propellers, Humphrey's pat, 
247 

Punching machine, Jacquard, 88, 225 
Purdie on the fallacy of Hay’s theory of symme- 
trical beauty, 148 

Purdie, on the production of the beautiful, 148 

Qcadraht, Regent’s, removal of, 291 
Quarrying machine, 160 

Railway Companies, amalgamation of, 378 
Railway alarum, Allen’s, 30 ; Baird’s, 818 ; Brett 
and Little’s, 30 : Brothers's, 30 ; Dutton’s, 30 ; 
MH^oll’s, 32 ; Moffat’s, 82 ; Tattersal’s, 191 
Railways and railway legislation, Doull(rev.),72 
Railway and steam navigation defences, 43 
„ apparatus, Wrighton's pat., 246 

„ average rate and mileage on, 367 
„ bars and chairs, Shaw’s pat., 169 
„ break, Chaplin’s pat., 1 14 ; Heath's, 304 ; 

Hepburn’s, 32 ; Laignet’s triple, 192; Lister’s 
pat., 804 

Railway bridge, iron truss, Rider’s, 30 

„ broad and narrow gauge, Brian!’ s plan 
for uniting, 80 

„ buffers, De Bergoe’s pat , 247 

„ carriage axles, Berger’s pat., 46 
„ carriages and locomotive engines, Tay- 

lor’s pat., 23 

„ carriage- wheels, Evans’s pat., 189 

„ Heaton’s pat., 189 ; Newton’s, pat., 114 

„ chair, malleable iron, 31 

Railways, Crane’s improvements, 82 
„ Colonial, 96 

Railway dividends, 96 

„ engines, Heaton’s pat., 189 

„ „ and breaks, Taylor’s pat., 76 

„ „ and carriages, Taylor’s, 22 

Railway elevator, Fotbergill’s 380 
Railway engineering, Baker’s (rev.), 74 
Railways, formulae for laying oat widths of, 827 
„ to calculate area of cross-section on, 187 
Railway girders, deflection and strain of, 258 
„ guide for assistant engineers (rev.), 218 
„ Gordon’s pat. improvements, 870 

„ government system in Ireland (rev.), 214 
Railways, Hepburn on the prevention of accidents, 
81 


Railway junctions, on setting out, by A. Beau- 
land, 124 

„ keys, Barlow’s pat., 804 

„ machinery, Blackwall, 83 

Railways, negotiation of directors of, 352 
„ new atmospheric, 224, 284 

„ of India (rev.), 103 
„ opened, 223, 254, 288, 351, 852 

„ passengers and fares, 241 

„ practice, Brees (rev.), 57 

„ precautions on, by W. Hording, 82 
„ progress, South • Eastern, 318 

Railway rescue (rev.), 846 

„ sections in sidelong ground, ST, 67 

„ signals, Baird’s pat., 818 

„ Bleepers, preservation of wood for, 224 

„ station, Newcastle-upon-Tyne, account 

of, 858 

Railways, Smith on government loan to, 127 
Railway, South-Western, extension of, 254 

„ statistics, by H. Clarke, 241, 268, 338, 


Railway statistics, W. Harding, 308 
„ switches, Nicolrs, 32 

„ telegraph and alarum, Hoare’s, 80 

„ time signals, 256 

„ trains, collision of, 196 

„ Gooch, on the resistance to, 165, 186,203 
„ wheels and jacks, Dunn’s pat, 169 

„ wheels, Ashbury’s pat., 369 

Rain gauges, on the construction of (rev.), 177 
„ Homersham, on the fall of, 349 

„ the cause of, 191 

Ramsay, on submergence of land in Wales, 314 
Randal], on salt, a poison to plants, 312 
Ranger’s lectures on civil engineering (rev.), 378 
Rankine, on the construction of sea-walls, 123 
Ransome, on artificial stone, 61, 90 
Rare shot, 127 

Reaction water-wheels, Parker's, 110, 171 
Red sandstone, new, supply of water from, 188 
Redman, on entrances to docks, 123 
Refinery, slag, occurrence of Vanadium in, 319 
Refining silver and lead, Johnson’s pat., 143 
Regent’s quadrant, removal of, 291 
Register of new patents, 22, 45, 75, 111, 143, 167, 
214, 246, 285, 302, 842, 368 
Registering machine, Sharp's, 63 
Regnault's theory of steam-engines, 236,265,338 
Regulation of buildings in towns (rev.), 27, 55 
Reoard’s pat. for colouring and preserving wood, 
143 

Rennie, on breakwater in Plymouth Sound (rev.), 
121 

Reports* on coals for the steam navy, 273 
Report on supply of water to Manchester, 8«c. 
(rev.), 177 

„ steam-engine boilers, 179 

„ survey of Liverpool, 278 

Reservoirs at Bann, Ireland, 185 
Reservoirs, embankments for, 197 
Resistance to bodies in fluids, 106 

„ railway trains at different velocities, 
155,186,203 

Reverbratory furnaces, Chance’s pat., 304 
Reviews, 26, 55, 68, 120, 138, 173, 205, 295 


Reviews 

Air pump and atmospheric railway, Turnbull, 26 
Antiquarian and genealogist’s companion, Bruce, 27 
Architecture, history of, Tuthill, 377 
Art, ancient and modern, Cleghorn, 73 
Birkenhead port and docks, Webster, 68 
Breakwater in Plymouth Sound, Rennie, 121 
Buildings in towns, guide to the proper regulation of, 
Hosking, 27, 6b 

Earthwork tables. Baker, 74 j Bashforth, 296 ; Sibley and 
Rutherford, 27 

Engineering, syllabus of lectures on. Ranger; 378 

Geometry, principle* of, Tate, 188 

Gregory’s mathematics for practical men. Law, 209, 249 

Hotel de Vi lie, Paris, Calliat, 99 

Indian Railways, Old Indian Postmaster, 103 

Irish want* and practical remedies. Brown, 214 

Junius’s letters, on authorship of, Britton, 213 

Lecture at College of Civil Engineers, Playfhtr, 376 

Lighthouse on Bkerryrore rock, 8tevenson, 173, 205 

Liverpool, sewerage of, Newland, 278 

Mechanics, theoretical and practical, flann, 875 

Stints, observations on, Smith, 815 

Plymouth sound, breakwater in, Rennie, 121 

Palace of Westminster, * * * 295 

Railway engineering, Baker, 74 

Railway guide, assistant engineer’s, 213 

Railway practice, Brees’s, 57 

Railways and railway legislation, Douil, 72 

Railway rescue, * **, 347 

Schools and schooihousee, designs for, Kendall, 57 
Steam-boiler explosions, causes of, Wilder, 178 
8team-engtne, Alban’s high-pressure, Pole, 211 
Steam-boiler, studies of, Templeton, 296 
Ship- building, theory and practice of, White, 120 
Skerryvore lighthouse, account of, Stevenson, 173, 205 
Surveying a treatise on, colonial, Whitehead, 140 
Telegraphs, electric, 176 

Water, supply of to Manchester, See ., Homersham, 177 
Young surveyor’s preceptor, Held, 122 

Rhine and Moselle, engineering pf, 155 
Richards’s letter on Cowper’s inverted arch 
bridge, 8 

Richmond’s engine counter, 61 
Rider's iron Iran* railway bridge, 86 
Rifle-barrel, Lancaster’s pat.,191 
Ritchie’s pat. locomotive engines, 366 
Rival palaces, by Candidas, 36 


Rivers and harbours, on shoals at the entrances 
of, 186 

Roberts’s new element of mechanism, 315 
„ Jacquard perforating machine, 225 
Robertson on Blackwall railway machinery, 83 
Robb’s malleable iron railway chair, 31 
„ stop-cook for corrosive fluids 
Rochaz’s pat. for obtaining oxide of zinc, 307,343 
Rocks, blasting of, 288 
Rockets pat. for casting wrought iron, 216 
Rolling iron, machine for, 191 
Rome, ancient theatres and porticoes of, 233 
Roof of the Dublin terminus, fall of, 63 
Rope, comparative strength of wire and hemp, 352 
Rotary engines, expansive, Wilson’s pat., 285 
„ Davies’s pat., 370 

„ fallacy of, 284 

„ Kinsman's pat., 216 

Rotary heels, 192 

Royal Academy exhibition, 163, 195 , 218,228, 
326 

Royal institute of British architects, 29, 60, 89, 
124, 150, 186, 221, 380 

„ Institution of engineers at the Hague, 127 
„ Polytechnic institution, 96, 159 
„ Scottish society of arts, 81, 62, 91, 125, 
148,153,184 

Russell’s pat. bar iron, 286 

„ on improvements in steam navigation, 311 
Rutherford and Sibley’s earthwork tables (rev.), 27 

Sack-holder, Gilbert’s pat., Ill 
Sadler’s pat. balance bridge, 75 
Safety lamp, history of, 329 
„ valves, Wilson's, 285 
„ wheel ring-revolver, 63 
Saltn poison to plants, 312 
Saltash bridge for the Cornwall railway, 96 
Salt spring at Droitwich, 319 
Salzede’s pat. for bronzing metals, 169 
Samuel’s light engines and traius, 223 
Sandstone, new red, supply of water from, 188,381 
Sand traffic on railways, 333 
Sanitary commissioners, Cresy’s evideuce before, 
59,81.115,17 

„ improvements in the sewage, 252 
„ laws, at home and abroad, 252 
Sash- line, Newall’s pat., 156 
Saws, circular, 318 

Schools and schoolhouses, designs for (rev.), 57 
Schiele’s pat. condenser, 114 
Scottish society of arts, 31, 62, 91, 125, 148, 153, 
184 

Screw cutting machine, 295 
„ pile and moorings, Mitchell’s, 122 
„ propellers and pumps, Humphrey's pat, 247 
Sea-walls, Rankine on the construction of, 123 
Self-acting gas apparatus, Watson’s pat., 342 
Separating iron from ore, Wall’s pat., 144 
Setting out railway junctions, Beauland on, 124 
Sewage and drainage of Bristol, 93 

„ Liverpool, 278 

„ pipes, 96 

„ sanitary improvements in, 76 
Sewers, commission of, 32 

„ diaphragm double, Moffett's pat., 372 

„ (metropolitan) act, 287 

„ On the principles and practice of building, 
by E. 1’ Anson, 29 
Sewer trap, Bnnnett's pat., 25 
Sharp’s letter on Buckingham palace, 7 
„ registering machine, 63 
Shaw’s pat. railway bars and chairs, 170 
Sheathing for ships, 256 
Ship-bnildiog, theory and practice of (rev.), 120 
Ships, Henwood’s pat. for steering, 47 
Ships without keels, Zerman’s, 375 
Shrewsbury and Chester railway, opening of, 351 
engine, 382 

Sibley and Rutherford’s earthwork tables (rev.), 27 
Sidelong gronnd, a theorem to calculate die area 
of a cross section, 67, 137 
„ Cox’s tables for calculating of 

earthworks in, 199 
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Sidelong ground, railway sections to, Clark % 67 
Siemen’s pat. steam-engines, 249 
Signal balls, Adies, 62 
Sint's new hydraulic wheel, 361 
Silver and lead, Johnson’s pat for refining, 143 
„ extraction from its ores by the u wet way,” 
313 

„ nitrate of, colouring paper-hangings with, 
160 

Silvering specnlums, Fletcher's pat., 113 
Skerryvore lighthouse, account of, 173, 205 
Skew bridge, Grainger's, 62 
Slag, occurrence of vanadium in, 319 
Slate traffic on railways, 333 
Sleepers, preservation of wood for, 224 
Slide valve on the lap and lead, 14. 37 
Slocnm's American plough, 31 
Smelting copper ores, Birkmyre’a pat, 215 
„ furnace, cost of, 340 

„ Norwegian method, 320 

„ Rivot aud Phillips's process, 

347 


Smith, Dr., on air and water of towns, 311 
„ observations on mints, 315 

„ on government loans to railways, 127 
„ on high-pressure boilers, 283 

Smoke consuming, Kyan’s pat., 113 
Snell, on stability of arches, 132 
Soap plant, 255 

Society of Arts, London, 29, 61, 90, 156, 380 
„ exhibition, 101 

„ Scottish, 31, 62, 91, 125. 148, 

153, 184 

Society for the publication of, Architectural know* 
ledge, 137 

Solomon's pat artificial fuel, 52 
Solvent power of chloroform, IS8 
Somerset-house, 257 
Somersetshire, geology of, 319 
Sound made visible, 128 
South-Eastern railway, 318 
South-foreland lighthouses, 319 
Spain, opening of first railway in, 352 
Sparke's plate-holder for the daguerrotype ca- 
mera, 155 

Speculums, Fletcher's pat. for silvering, 115 
Spheroidal state of water, application of to steam- 
Springs, Poole's pat. pneumatic, 45 
Stability of arches, by G. Snell, 132 
Stability of floating bodies, 357 
Stanley, Captain, on height of waves, 310 
St&ite's pat. lighting by electricity, 49 
Starting apparatus, Jackson’s hydraulic, 183 
Statistics of railways, 241, 268, 333, 366 
Steam-boilers and engines, Exall's pat, 342 
„ Black's pat. 304 

„ furnaces, Baker's pat., 247 

„ Douche's pat., 303 

„ tubes, Cutler’s pat., 248 

„ marine, Duudooald's pat., 286 

Steam-carriages, collision of, 197, 292 
„ condenser, Schiele's pat., 114 
„ drainage of marshes by, 301 
Steam-engines, Bacon and Dixon 'spat, 111 
„ boilers, supply of water to, 179 
„ causes of explosions in (rev.), 178 
„ Cole’s pat. high pressure, 342 

„ governors, 255 

„ high pressure, Alban (rev.), 211 

„ Regnanlt's theory, 236, 265, 338 

„ rotary, Davies's pat., 

370 

„ rotary, Wilson's, 285 

„ Samuel's, 223 

„ Siemen's pat., 249 

„ studies of, Templeton (rev.), 296 

„ treatises on, 172 

„ Wick steed's, 104 

Steam for carbonising wood, 320 

„ generator, high pressure, Leon's, 360 
„ hammer, Nasmyth's, 289 
„ navigation defences, 43 
„ Scott ussell on, 311 
navy, 75 


Steam-engine, application of water in spheroidal 
state, 382 

Stea m or hydraalic-wheel, Sims’s, 251 

Steam pile-driver, Clarke and Varley’s 341; 

Nasmyth’s, 289 
Steam-power, auxiliary, 126 
Steam-power of France, 352 
Steam-power to nulls, Hattie’s pat, 115 
Steam propulsion in tike year 1543, 319 
Steam-ship Affonso, 317 ; Esrpfsss, 319 ; 

LUwettytb 190; New Star* 319; Taman, 866 
Steam-ship, Great Britain , side of, 320 
Steam-valves, expansive, improved mode of work- 
ing, 141 

Steam working expansively, 158 
Steel, chemical character of, 314 
Steel tyres, Banks's pat, 184 
Steering vessels, Henwood’s pat, 47 
St George’s cathedral, 290 
Stephenson, George, life of, 297, 339, 361 
Stevenson's account of the Skerryvore lighthouse 
(rev.), 173, 205 

Stevenson's portable cofferdam, 62, 231 

Stone, artificial, Ransome on, 61, 90 

Stone, caen, Prof. Donaldson on, 94 

Stone drilling machine, 160 

Stone traffic on railways, 271 

Strength of Hnngerford-bridge, on the, 364 

Strength of materials, Bnchanan on, 125, 153 

Struve's low-pressure Atmospheric railway, 284 

Study of mechanic, 323 

Stowe, 258 

Stow's pat. propelling-blade, 286 
Submarine foundations, Mitehell on* 122 
Sadden draining of the Niagara river, 191 
Snlphate of iron for purifying gas, 128 
Sunderland docks, 288 

Supply of water from new red sandstone, 188, 381 
Surveying, a treatise on, by A. Whitehead (rev.), 
140 

Surveyors, civil and military, 96, 198, 255 
Surveyors preceptor, by J. Reid (rev.), 122 
Survey of London, Ordnance, 96, 198,255 
Survey of Liverpool, 278 

Suspension bridge, Clifton, 318 ; Hungerford, 3, 
292, 364 ; near the falls of Niagara, 191, 288 ; 
overarch, Milne's, 32 

Suspension bridges, on their most economical 
form, 2 

Switches, Nicoll's improved, 32 
Symmetrical beauty, Hay on, 31 

„ Purdie on the fallacy of, 148 

Tabernacle of Israel, 95 
Tables for calculation of earthworks, Cox's, 199 
„ Baker's (rev.), 74 

Tables for earthworks, Sibley and Rutherford's 
(rev.), 27 

Tate’s principles of geometry (rev.), 138 
Tattersall’s railway communicator, 191 » 

Taylor, on the dyer's tinctoria, 31 
Taylor's pat. engines and breaks, 76 

„ railway carriages, 23 

Teeth of wheels, machine for formiog, 182 
Telegraph and alarum for railways, 30 
„ dotting electric, 256 

„ electric, 9, 217 

„ electric, company, 96 

„ copying, 191, 317 

„ employed by publicans, 127 

„ (rev.), 176 

„ profits, 224 

Temperatures, Regoault on measurement of, 338 
Templeton’s studies of the steam-engine (rev.), 
296 

Testing gun metal, 381 

Theatres and porticoes of Ancient Rome, 233 
Theatre, new, Royal Polytechnic Institution, 96, 
159 

Thermometer, gas, Regnanlt on, 339 
Theorem to find the area of cross section of rail- 
way on sidelong ground, 137 
Theoretical and practical mechanics, Hann’s 
(rev.), 375 


Theory and practice of ship building, (rev.), 120 
Theory of steam-engines, Regnanlt’s, 236, 265. 
338 

Thornton's hydraulic lifting-jack, 87, 217 
Tborold's pat. turntables, 308 
Tides of the English and Irish channels, 147 
Tile and brick traffic on railways, 333 
Tilghman,anthe decomposing power of water, 181 
Timber duties, 160 
Timber traffic on railways, 270 
Timber viaducts, by J. aad B. Green, 33 
Time signals, 256 
Tin traffic on railways, 270 
Torrents, dissertation on, by GugUelmini, 59 
Torrop's time signals, 256 
Towns, air aad water of, by Dr. Smith, 31 1 
„ bill of health, 120 

„ health of, 17, 39 

„ regulation of buildings in (rev.), 27, 55 
„ ventilation of, 188 
Trains, collision of, 196, 202 
Treatise on practical surveying, by A. Whitehead 
(rev.), 140 

Treatises on the steam-engine, 172 
Trenches for drain tiles, White's pat., 320 
Trigonometrical formulae, 230 
Triple railway-break, 192 
Tube-cocks, india-rubber, Jennings’s pat., 144 
Tubes, lap- welded, Cutler's pat., 248 
„ manufacture of Fontainmoreau’s pat., 216 
Tubular bowstring bridges, 1, 300 

„ bridge at Conway, 95, 126, 154, 161, 351 
„ bridges, disputed invention of, 218 

„ flues, Pott’s pat., 368 

Tunnel across the channel, 218 
j Tnrnbnll's essay on air- pomp and atmospheric rail- 
| way, (rev.), 26 

Turnbull on Middlesbro' docks, 105 
Turn-table, Tborold's pat., 303 ; Tariff's, 288 
Tuthill's history of architecture (rev.), 377 
Tyres, steel, Banks’s pat., 184 

Uxiow and division of running waters, by B. Zen 
drini, 115 

Uniting metals and metallic alloys, processes for, 
187 

Valve, slide on the lap aad lead, 14, 37 
Valves and pings, Bateman’s pat., 286 
Valves, atmospheric, Froude's pat., 248 
Valves, expansive, improved mode of working, 
141, 285 

„ self-acting safety, Walmsley's pat., 371* 
Vanadium in the refinery slag of, Staffordshire, 319 
Vases, ancient greek, Dr. Harding on, 90, 91 
Vegetable wax, 352 
Velocity of atmospheric jets, 110 
Velocity of waves, by Capt. Stanley, 310 
Ventilation, lighting, and heating, Brittern's pat., 
370 

Ventilation of mines, Wilcock’s pat., 22 
Ventilation of towns, 188 
Ventilometer, the, 127 

Viadocts, arched timber, by J. and B. Green, 33 
Viaducts, Dinting vale, by A. S. Jee, 35 
Viaducts across the Dee, 317 
Vibrating piston-rod engine, Gustafsson's, 24 
Vibration or deflection gauge, 

Vice, Peck and Pardee's pat. lever, 373 
Vickers's pat., manufacture of iron, 47 

Walks, South, geology of, 313 

„ „ qualities of coal in, 313 

„ submergence, and re-appearance of ancient 
land in, 314 

Wallace’s improvements in decoration, 303 
Waller's pat. coffee-pot, 115 
Walls and embankments for waterworks, 197 
Wall's pat. for separating iron from ore, 144 
Walmsley's pat self-acting safety-valve, 371 
War steamer Affoneo, 317 
Water and air of towns, Dr. Smith on, 31 
„ cisterns, stop cock for, 185 
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Wttar, decomposing power of, 181 
Waterfall in India, 819 
Water, flow of, by Zendrini, 115 
» 2W 

„ gauge, Newton’s pat., 52 
,4 instrument for ascertaining the comparative 
saltness of, 91 

„ measuring of, Haigh’s pat., 371 
„ motion of, by Guido Grandi, 81 
„ pressure of, upon fishes, 160 
„ Supply of, to steam-engine boilers, 179 
„ „ from the new red sandstone, 188, 

381 

„ Supply of, to Manchester, dec., report on, 
(rev.), 177 

Waterloo- bridge, extension of South-Western 
railway to, 254 

Water-wheels, Parker’s reaction, 1 10, 171 
Waterworks, 96 

„ at Liverpool, 127 

„ embankments for reservoirs, 197 

Watson’s pat. self-acting gas apparatus, 342 
Wax, vegetable, 352 


Waves, atmospheric, by Mr. Birf, 311 
„ velocity and height of, by Capt. Stanley, 310 
Webster, on port and docks of Birkenhead (rev.), 
68 

Welding iron and steel, 256 
Western gas company, 82 
Westminster, expenses of new palace at, 92, 228 
„ review, No. XCVII., 245 

„ new palace, 245, 278, 295 

Wheels, balancing of, 222 

„ machine for forming the teeth of, 182 
„ railway, Evans’s pat., 189; Newton’s, 114 
White lead, manufacture of, 192 
„ paint from antimony, 128 
White’s new trenches for draining tiles, 320 
White’s theory and practice of ship-building 120 
Whitehead, on practical surveying (rev.), 140 
Whishaw’s telegraph inventions, 217 
Wicksteed's engine, 104 
Williams, on the chemistry of the sea, 160 
Wilson's pat. rotary steam-engine, 285 
Wind, instrument for indicating the direction and 
force of, 127 


Window, gothic, at Boppart, on the Rhine, 129 

Window-tax, 1, 96 

Wing walls of bridges, Clark on, 43 

Wire and hemp rope, comparative strength of, 352 

Wood and stone pavement, 272 

„ carbonized by high-pressure steam, 320 
„ for sleepers, preservation of, 224 
„ Payne’s pat. fire-proof, 287 
„ pavement, action for infringement of pat., 
256 

„ ^ Renard’s pat. for colouring and preserving, 

Wrighton’s pat. apparatus for railways, 246 
Wronght-iron, analysis of, 315 

„ Roche’s pat. for casting, 2 16 
„ tubular bowstring-bridges, 1, 300 
Wyatt, on the art of enamel, 156 
Wyatt, on Llandaff Cathedral, 141 
Wye, wooden bridge over, 127 

Young’s atmospheric railway, 224 

Young surveyor’s preceptor, by J. Reid (rev.), 122 
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Arches, oblique, 1 cut, 4 
Arches, stability of, 13 cuts, 182 
Axle-boxes and journals, 1 cut, 369 
Boring and sinking, 2 cuts, 170 
Bridges, construction of, 7 cuts, 2, 23 
Bridges, Sadler's pat. balance, 7 cuts, 75 
Bridges, wing walls of, 2 cuts, 43 
Buckingham palace, 1 cut, 7 
Cement, experiments on, 3 cuts, 294 
Cofferdam, 2 cuts, 232 
Coffee-pot, Weller's, 1 cut, 115 
Condenser for steam-engines, 2 cuts, 114 
Coupling irons, 1 cut, 372 
Deflection or vibration gauge, 2 cots, 1 
Docks, Mlddlesborougb, 1 cut, 105 
Earthworks. 2 cuts, 119 
Electricity, lighting by, 5 cuts, 49 
Embankments and cuttings, 4 cuts, 327 
Fan blast, 1 cut, 18 


Fire cock, 2 cuts, 168 
Fluids, resistance to bodies in, 1 cut, 107 
Furnaces, blast of, 1 cut, 372 
Oas apparatus, self-acting, 1 cut, 342 
Gas burners, 2 cuts, 114 
Gas meters, 2 cuts, 368 
Girders for bridges, 1 cut, 300 
Gothic window, 1 cut, 129 
HydranUc lifting jack, 1 cat, 217 
India-rubber tube cocks, 2 cuts, 144 
Iron, manufacture of, 1 cut, 171 
Isometrical peiapectlve, 4 cuts, 230, 294 
Jointing clamp, 1 cut, 373 
Lighthouses, 2 cuts, 207 
Locomotive carriage wheels, 1 cut, 189 
Locomotive engines and breaks, 4 cuts, 76 
Locomotive engines and carriages, 4 cuts, 
40, 167, 307 

Mining lanthorn, 1 cut, 255 


Paddle wheels, 1 cut, 168 
Paving, 1 cut, 272 
Perforating machine, l cut, 88 
Pile-driving machine, 2 rate, 341 
Plan-pricking instrument, 1 cut, 272 
Pneumatic spring, 2 cuts, 46 
Propellers, 6 cuts, 395 
Railway bars and chairs, 2 cuts, 170 
Railway buffers, 1 cut, 246 
Railway carriage axles, 5 cuts, 46 
Railway sections In sidelong ground, 8 
cuts, 67, 187 

Railway wheels, 1 cut, 114 

Reservoirs, embankments of, 4 cuts, 197 

Rotary steam-engine, 1 cut, 285 

Sack-holder, 1 cut. 111 

Sewers and drains, 15 cots, 41, 279, 372 

Sewer traps, 2 cuts, 25, 372 

Slide valves, 21 cuts, 14, 37 


Smoke consuming, 2 cuts, 113 
Steam-boiler fire-bars, 1 cut, 304 
Steam-beilcr furnaces, 1 cut, 247 
Steam-engines, 5 cuts, 111 
Steam generator, 4 cuts, $60 
8 team valves, 28 cuts, 14, 37, 141 
Steering vessels, 1 cut, 47 
Stephenson (Geo.), portrait of, 329 
Vibrating piston-rod engine, 1 cut, 24 
Vice, 1 cut, 373 
Water, flow of, 9cuts, 81, 115 
Water gauge, 2 cuts, 52 
Water-wheels, 2 cuts, 110, 172 
Wheels, 2 cuts, 369 
Window, Gothic, 1 cut, 129 
Wood, preserving and colouring, 1 cut, 
143 

Zinc ores, 6 cuts, 343 
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WROUGHT-IRON TUBULAR BOW BRIDGE. 

(With an Engraving , Plate /. ) 

In consequence of the tubular form becoming a favourite mode 
of constructing bridges of wrought-iron for railway purposes, we 
are induced to give an engraving of a wrought-iron tubular bow 
suspension bridge for crossing the Ouse river in Norfolk, designed 
by Mr. W. C. Harrison, who has bad considerable experience in 
the construction of some large timber bow suspension bridges on 
some of the Norfolk railways. 

Mr. Harrison observes, — “ The facility with which a bow bridge 
of this construction, with boiler-plate, could be put together, ap- 
peared so evident, that he felt convinced of its practicability and 
usefulness for railway purposes, in crossing rivers and valleys, to 
almost any extent. A bridge of this kind could be easily put 
together, by the same kind of workmanship as in steam boilers, in 
a manufactory in any part of the country, and in certain conve- 
nient lengths of 10, 15, or 20 feet each, for the purpose of trans- 
porting to its destination, so that there will be but a few joints to 
rivet up when put in its place. The bow being hollow, and also 
the tie-beam, or string as it may be termed, gives the opportunity 
for a man to get inside to hold up the rivets for the workmen out- 
side to rivet the parts together. 

u The bow and string are to be made of plate-iron, of such a 
thickness as is most suitable to the size of the bridge intended to 
be constructed, and joined at the angles with angle-iron ; and it 
will be perceived from the engraving how perfectly well connected 
the extreme ends of the tie-beam and bow will be by the manner 
shown, which is a plate extending over the tie and bow, firmly 
rivetted to each, thereby answering the purpose of an abutment to 
the bow, and giving perfect security in a vital part. 

“ The elevation of the bridge shows both the suspending and 
cross-brace bars, being all of plate-iron, from the facility of getting 
bars in this shape so easily made, and requiring so little workman- 
ship — namely, the rivet holes made in their ends. 

“The design is for a span of 170 feet and two lines of rails; 
consequently, there are three bows. Fig. l is the elevation of one- 
half the span, with the suspending bars a a and bb; dd, the abut- 
ment plates, as they mav be called ; c, the cross-beams, which may 
be of Iron or timber, fig. 2, a view on the top of the bows, with 
some of the cross-beams, c, extending outside (as also seen at fig. 3, 
the end elevation), to receive the lower ends of the struts going up 
to the top of the outside of the hows, to give steadiness to the 
whole ; but these can be used or not. Fig. 3 shows the distance- 
pieces and cross-frames between the bows. Fig. 4 is a section of 
the cross-beams or girders, which may also be made of wrought- 
iron plate and angle-3ron, or wood, to carry the timber sleepers of 
the rail. Fig. 5 is an enlarged section of the bow and string, and 
the distance-piece between the suspending hars.” 

Mr. Harrison proposes for a bridge of the span shown in the 
engraving, that the bow should be constructed of half-inch plate- 
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iron, 4 feet deep by 3 feet wide ; and the tie-beam or stringer 
2 ft. 6 in. deep by 3 feet wide. 

Next month we will endeavour to offer some remarks on the 
construction of bridges of the tubular form, as to their applica- 
bility for railway purposes. 


A DEFLECTION OR VIBRATION GAUGE. 


By Geobge Howard Fenwick, C.E. 



Fig. 1 EUvAtiOD. 


The accompanying engraving, fig. 1 
(drawn to one-third the full size), is a 
gauge for registering the vibration or 
deflection of railway girders. A is a 
piece of wood or metal, made to slide in 
another piece, B, which is held in posi- 
tion by a slight pressure of two springs, 
G and F. as shown on plan fig. 2 (drawn 
full size). On the face A are two ar- 
rows at C, which can be moved to any 
of the holes at D for adjustment. It is 
supposed to be set at zero, and as it re- 
ceives the pressure from the girder E it 
is pressed down, thereby registering the 
deflection of the girder on a decimal or 
mechanical divided scale on B. This 
gauge may be applied by being sup- 
ported by a frame let into the sides of 
the walls which the girders span, and so 
made to travel to any particular place, 
such as the centre or springings; or 
may be placed upon a staff for conveni- 
ence, similar to a levelling staff. 

G. H. F. 

[This simple and ingenious contriv- 
ance might, perhaps, be improved by 
fixing a vernier on the slide D, divided 
so as to i n dicat e the hundredth parts of 
an inch ; the side scales being divided 
into inches and tenths.] — Editor. 
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Fig. 2, Plan. 
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NOTES ON ENGINEERING.— No. VIII. 
By Homebsham Cox, B.A. 


On the most Economical Forms of Suspension Bridges . 

Of all kinds of bridges suspension bridges are capable of being • 
constructed with the greatest span. Notwithstanding this advan- 
tage and the facility of construction, the use of these structures 
has been restricted by their flexibility and tendency to undulate. 
They have fallen into disrepute in the modern practice of engineer- 
ing, on account of the difficulty (generally deemed insuperable) of 
making them sufficiently rigid for the purposes of heavy traffic, 
such as that upon railways. Another, though less obvious, objec- 
tion is that the ordinary methods of calculating the proper form 
and dimensions of suspension bridges, and the different strains to 
which they are subjected, are exceedingly complicated. The in- 
tricacy of the investigations leaves a degree of uncertainty and 
distrust as to the actual strength which the several parts of a sus- 
pension bridge may be assumed to possess. 

The object of the present paper is to examine how far these 
difficulties may be removed, and to show what method of arranging 
the different parts of the structure secures the greatest amount of 
strength for the whole. 

Suspension bridges may be distinguished generally into two 
classes : 1 st., those of the ordinary form, that of a main chain or 
catenary, with the roadway suspended from it by vertical rods ; 
2 nd., those in which the roadway is suspended directly from the 
abutments bp straight rods, the catenary or curve chain being 
altogether dispensed with. It will be shown, on strict statical 
principles, that the first method involves a great waste of material, 
and that, by a proper arrangement of straight rods, a given amount 
of strength may be secured with a smaller quantity of iron, or a 
greater amount of strength with a given quantity of iron, than by 
the use of a main catenary. Of course, methods of using straight 
rods may be employed which involve greater waste of material 
than even the employment of the curved chain. The most econo- 
mical arrangement of straight rods is not a merely arbitrary mat- 
ter, but depends, like every other branch of engineering, on sound 
deductions from the laws of mechanics. 

Before proceeding with the investigation, it may be as well to 
remind the reader that the object of these Notes on Engineering 
is to simplify the practical applications of theory, and to explain 
them, as far as possible, in familiar, untechnical language. This 
important rule should be constantly remembered by all who teach 
and all who study the mathematics of engineering — that long for - 
muUe are never put into practice . In practice, simple general prin- 
ciples are far more useful, because capable of being applied with 
far more certainty and facility, than tne most elaborate results of 
scientific research. 

We now prooeed to establish the following important general 

Proposition, — In a suspension bridge the material required to sus- 
tain a given load will be the least when each point of support in the 
roadway is directly connected with a paint qf suspension in the nearest 
abutment by one independent straight rod . 

To begin with the simplest case, it will be first of all supposed 
that only two points of support in the roadway are connected with 
the point of suspension. Suppose that B (fig. 1 ) is the point of 

y 



suspension ; A and D the two points of support in the horizontal 
platform A C. Then it will be shown that to sustain a given load, 
the most economical arrangement of the suspension bars consists in 
connecting B with A D independently and directly by two rectili- 
near rods, A B and D B. If, however, as in fig. 2 , the connection 
be indirectly made by suspension rods meeting at an intermediate 
point E, more material will be required for a given amount of 
strength. 


In order to prove this proposition, which has so important a rela- 
tion to the most usual methods of constructing suspension bridges, 
it is necessary to ascertain the quantities of material in the rod 
A B and B D (fig. 1 ), and the rods A E, D E, and B E (fig. 2 ), and 
to compare the aggregate amount of material used in both cases. 
It is, of course, presupposed that the strength of the rods is pro- 
portioned to the strain upon them. In ascertaining the thickness 
to be given to the rods of a suspension bridge, the first point to be 
settled is the amount of strain which the material will bear on each 
square inch of the sectional area. For the purpose of mere com- 
parison, it is indifferent what amount be assumed : it may therefore 
be supposed that the rods are to be calculated to bear a strain or 
tension of t lb. per square inch of their sectional area. Conse- 
quently, multiplying the sectional area of any rod by t , we have 
tne whole strain to which it is subjected. Further, for purposes of 
comparison it is indifferent what be the load on the briage, so that 
in both cases the weights at corresponding points of the platform 
be supposed the same : let it therefore be assumed that both in 
fig. 1 and fig. 2 the point A has to sustain a vertical weight tr, and 
also (for the sake of simplicity) that the point D in both figures 
has to sustain the same weight w. 

It will (at first) be taken for granted that the platform contri- 
butes nothing by its rigidity to sustain the load ; that the whole 
weight is borne by the suspension rods, which are kept in their 
oblique position by the connection of the platform. The amount 
of material requisite to support w at the point A will first be con- 
sidered. 

Commencing with the case of fig. 1 . we have, since the rod A B 
sustains the weight w at A, the vertical component of the tension 
of A B equal to tr. Supposing the sectional area of this rod to be 
k square inches, its tension, by what has been already said, will 

.•.„ = *< rin B AC = k=j.£%' 

Consequently, the mass of the rod = its sectional area multiplied 
by its length = * ( 1 ). 

Proceeding now to the case of fig. 2 , and still confining attention 
to the suspension of the point A, by reasoning exactly the same as 

that for fig. 1 , the mass of the rod AE = 7 > (Ee being 

t It* e 

drawn vertical.) 

It is clear that the connection between the point B and the point 
E may be supposed to be established, not by a simple bar, but by a 
compound bar of two or more parallel lengths. In fact, this 
method is that Usually adopted in actual practice, the several links 
of the chain commonly consisting of several bars or iron plates 
laid side by side, and connected at their extremities. Their relative 
thickness is a matter of indifference, provided that the total thick- 
ness be sufficient to sustain the strain. In fig. 2 the rod B E, pro- 
vided it have the thickness necessary to sustain the united effects 
of the two weights at A and D, may be supposed to be made up of 
any number of parallel bars of any relative thickness whatever. 
Now, supposing B E to be a compound bar. let k' be the sectional 
area or thickness of metal due to the effect of the weight at A. 
k* the thickness due to the weight at D : k + k will be the total 
thickness of B E. 


Taking the thickness k to be that requisite to sustain to at A, 
and kt the consequent amount of tension of that part of the com- 
pound bar, we have the vertical component of kt (= vertical com- 
ponent of tension along AE) = », Hence, if Ef be drawn hori- 
zontal, w = kt sin B Ef = kt .\ k = ^ ^5 . 

J&U t of 

Multiplying this quantity by the length E B, and adding the mass 
of the rod ascertained above, we have the total mass of metal re- 


quired to connect A and B 


w f A E* EBM 
T i Ee + B/j 


(S) 


Hence subtracting the expression ( 1 ) from the expression ( 2 ), it 
will be easily found by some simple analysis, which is here omitted 
for the sake of brevity, that the mass required for the indirect con- 
nection A E B, fig. 2 , exceeds the mass required for the direct or 
rectilinear connection, A B fig. 1 , by a quantity 
(BC.E/— AC.Ee)* w 
BC.B/./C ’ t * 

which is positive in all cases. Hence, more material is always re- 
quired for the indirect than for the direct connection of A and B, 


The same mode of reasoning applies to the weight suspended at D. 
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The form of the analysis is such that it applies to this case as 
well as the last, and leads to a similar conclusion — that the indirect 
or bent connection, DEB, requires more material than the direct 
or rectilinear connection, D B. Now it is evident, that what is 
true of the several parts of the system individually, is true of the 
whole collectively — that if less material be required for each of the 
direct connections than for each corresponding indirect connection, 
the total material required for all the former will be less than the 
total material required for the whole of the latter. In' other words, 
the system of suspension in fig. 1 is the most economical 

The same result might have been obtained by supposing B E a 
simple, undivided bar, and the amount of material given by that 
hypothesis would be the same as that on the hypothesis here 
adopted. But the method of investigation given above leads more 
easily to the general results for which we are seeking. It has the 
advantage of admitting immediately, and without any more mathe- 
matical analysis, the following important 

Coboiaary. — The method of suspension (fig. 1) is more economical 
than the method (fig. 2), for any number of points qf support in the 
platform. 

For the reasoning given above is not affected by supposing the 
rod B E to divaricate at E into three or more radial bars proceed- 
ing to as many points of support in the roadway. Whatever might 
be the number of indirect connections by this method, each of 
them would require more material than the corresponding direct 
connection of ng. 1 : and therefore the total quantity of metal 
required by the former method exceeds the total quantity required 
by the latter method. 

We have hitherto considered, in the second or indirect method, 
only one point of divarication, E : the inquiry will be completed 
by considering several other such points to exist — as at B, B', B", 
B ", &c^ fig. 3. 



Fig. 3. 

The connection of A and D with B, by bars meeting at E, has 
been already considered. Less material would have been required 
to support the weight at A and D, if, instead of the method shown 
in fig. 3, there had been separate straight rods from A and D to B. 
In this latter case, B' (tne next point of suspension) would be 
connected with the three points A, D, 6, by three straight rods, 
divaricating from the end B of a common rod B B\ 

The “ Corollary* given above shows that this triple divarication 
involves a waste of material. Had there been in the place of it, 
three straight rods from A, D. and 6, to B', less material would 
have been required to support the corresponding weight. But this 
triple divarication itself requires less material than the method 
shown in fig. 3. Hence, a fortiori, the direct connection with B' 
would require still less material than the method shown in the figure. 
And so, by continuing the same mode of reasoning for the other 
points, B , B'*, &c., we come at last to the general conclusion 
that, if all the points of support had been directly and indepen- 
dently connected with K (tne ultimate point of suspension), less 
material would have been required to sustain given loads than by 
the method shown in fig. 3. 

This conclusion is independent of the inclination of the rods 
ED, B6, B'6', B "6", &c., and remains true when they are vertical. 
Hence, in the common suspension bridges, such as those at Charing- 
cross, Hammersmith, &c., with a main chain or catenary hanging 
between the abutments, and connected with the platform by verti- 
cal rods, there is a waste of material. The same conclusion applies 
to all suspension bridges having radial bars radiating from any 
point except the points of ultimate suspension at the abutments — 
and, therefore, hold with respect to the bridges on Dredge* s prin- 
ciple, some of which are erected in the RegentVpark, and of which 
one recently gave way and was destroyed near Calcutta. 

The amount of saving effected by connecting all the points in the 
platform with the abutments by independent straight rods, may be 
best shown by an example. The Hungerford bridge, at Channg- 
cross, may be taken as a familiar example— and we will, therefore, 


proceed to compare the material required for that bridge by th# 
method actually adopted, and the quantity which would be required 
by the method here advocated. 

The quantity of material required for suspending the bridge by 
a catenary and vertical rods will first be considered. The position 
of the centre of gravity of the half-span depends on the form and 
weight of the chain, and the manner in which the load is distri- 
buted along the platform. When the load is small compared with 
the weight of the chain, the centre of gravity of half the bridge 
and load will be nearer tne abutment than the centre of the bridge* 
for the curvature of the chain, its increase of thickness near the 
point of suspension, and the increased length of the vertical rods, 
all tend to make the weight preponderate towards the abutment. 
But when the bridge is supposed to be loaded with a breaking 
weight greatly exceeding the weight of the chain, and uniformly 
distributed along the platform, it may be assumed, without sensible 
error that the horizontal distribution of the weight of the whole 
system is uniform. In this case, the centre of gravity of the half- 
span will be midway between the abutment and centre of the 
bridge. 

At this latter point the tension of the catenary is horizontal. 
Let moments be taken about the point of suspension for the equi- 
librium of the half-span : then, since the horizontal tension in 
question acts below the point of suspension, at a vertical distance 
equal to the deflection of the chain, and since the weight acts at a 
horizontal distance from the same point equal to the quarter-span, 
the products of each of these forces into the corresponding distance 
will, by the Principles of Moments, be equaL Hence, calling W 
the total weight of the half-span (including the half-chain), T the 
horizontal tension, d the deflection, a the quarter-span, — it follows 
that 


W a — T d; or T = W “ (1). 

That is, the horizontal tension = the weight of the half-span multiplied 
by the ratio of the quarter-span to the deflection ; a simple rule, from 
which the horizontal tension of the chain of any suspension bridge 
loaded with its breaking weight may generally be calculated with 
suflicient accuracy. 

It has been assumed that the load is uniformly distributed, or 
that any portion of the weight is proportional to the length of the 
corresponding portion of the platform. It follows, that if any 
distance, x, be measured along the platform from the lowest point 


of the chain, the weight corresponding to that distance is W 


2 a 


Also, if y be the vertical ordinate of the chain at the same dis- 
tance, a known principle which applies to catenaries of every form 
gives 


dy m ^ rp 

dx ~ 2a • T2o 


(*) 


By auother known principle which also applies to all kinds of 
catenaries, the tension at the point (x, y) is equal to 

t -(■+:£)*- 


And since the sectional area of the chain at any point is supposed 
proportional to the strain at the same point, we have, if K and k 
be sectioiial area at point (jt, y), and the lowest point of the chain 
respectively 



The mass of each small portion of the length of the chain is tha 
product of that element of length, and the corresponding sectional 
area ; hence it will be easily seen that the 

mass of the halfochain = kj 2< * ^1 + dx . 

And this quantity by substitution from (2) will be found equal to 

2 a k ^1 ■+• Finally, if the tension per square inch be l, 

and consequently T = k t, and if a be put = 170 feet, and d = 50, 
it will be readily ascertained that the 


mass of the half-chain = ^ X 1189*3. 

(which are almost exactly the values of those quantities in the 
Hungerford Bridge.) 

To obtain the whole quantity of material required for the pur- 
poses of suspension, we must add to the quantity last obtained, the 

2 * 
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mass of the suspension rods. The length of these increases from 
the centre to the abutment, and is equal to that of the vertical 
co-ordinates of the catenary. 

The integration of equation (2) gives the relation of y to x, 
which will be found such that the proportion between any two vertical 
co-ordinates is equal to the square of the proportion between the corre- 
sponding horizontal co-ordinates— a very simple rule for determining 
the form which the chain will nearly assume when subject to its 
breaking weight. 

It follows from this rule, that when 

x is ,‘oth of the half-span, y is ^th of the deflection 
x & ths „ V ife t* 19 » 

x ft ths „ V ife th® « 

x ft ths „ y -}& ths „ 

&c. „ 

Now, if we suppose the half-platform attached to the half-chain 
at every 20 th of the length of the former, we shall, by adding up 
all the if s in the above scheme, get the total length of all the ver- 
tical rods together, which, therefore, is equal to 

* (1 + 2* + 3* + 4* + + 19 2 ) X deflection; 

and this by actual calculation is equal to the deflection X 6*175. 
Therefore, since the deflection is 50 feet, the total length of all 
vertical rods is 308*75 feet. This supposes that the platform meets 
the chain at the centre, the value of y at that point being zero. 

Each rod sustains one-twentieth of the weight of the half-span, 
and therefore has a tension = fttr. Therefore, if, as before, t be 
the tension per square inch of the sectional area, that area, by 

principles already laid down = ft -. The mass of all the rods equals 


w 

this quantity X the length 308*75 feet, just obtained =r ^ 


15*4. 


Adding this to the mass of the half-chain, we have finally 

the mass of the half-chain and its rods = t X 1204*7 (A). 


Next, let it be ascertained 



what is the quantity of material re- 
quired when the load is supported 
by straight rods exclusively. It 
has been shown that if ft 10 be sus- 
tained at A by a straight rod A B, the 
1 w A B 1 

mass of that rod — go * gc * 

This expression (since ABC is a 
right angled triangle, and therefore 
A B* = A C* + B C*,) is equivalent 

» a * (to + b 4 Wh “ 


A C is ft th of the half-span, A C* = ifo (2 a)* 

AC A ths . „ A C« 

AC A ths „ AO* A (2 a) 

&c, 

Adding up all the values of AC 1 , we get for the total mass of 
the rods 

(— )— + 19 BC 


1 - {(1 +2* + 3* + 19 5 ) 

20 t l' 


1 to 

20 7 

1 to 

20 7 


400. BC 


3 H 


{ 


r n-175 


(2a)« 

BC 


+ 19 BC 


)->* 


■(B). 


20 t t . 

Comparing the expression (B) with (A), we see that the maten 
require? in one case is about A ths of what is required in the other 
case. In other words, if a suspension bridge, of the dimensions of the 
Hunaerford bridge, were sustained by independent oblique rectilineal 
*rod£ instead qfTmain chain and vertical rods, a saving of nearly half 
the material would be effected. 

It will he hereafter shown, that great as is this advantage with 
respect to the power of the bridge to sustain a statical load urn- 
formly distributed, still greater advantages belong to the method 
of suspension here advocated, when the effect of moveable loads i 
taken into consideration. 


THE OBLIQUE ARCH. 

On the Focus to which the Joints on the Face converge . 

Suppose a right-angled plane triangle formed of any flexible 
material, having its two sides respectively equal to L, the axial 
length, and » r, the semicircle obtained by taking a section of 
the bridge perpendicular to the axis. If the side L be placed along 
the top of the abutment of an oblique bridge, and the triangle 
wrapped over the laggings, the hypothenuse will form a spiral line, 
which is the intersection of the coursing joints and soffit. If a 
straight line move along the axis of the cylinder, so as always to 
intersect it at right angles, and pass through the hypothenuse of 
the above triangle, it will generate the twisted surface proper for 
the beds of the stones. Mr. Buck was the first to show that the 
joints that appear on the face of the arch, pass through a point O, 
below the centre C, when the “ section on the square,” or section 
perpendicular to the axis, is a circle. A similar expression for the 
length of the line C O may be obtained when the sections of the 
intrados and extrados, made by a plane perpendicular to the axis, 
are similar ellipses. 



Let the figure represent the elevation of an oblique bridge, cir- 
cular or elliptic “ on the square” — if it be segmental, the ellipses 
must be supposed completed. Take the axis of the cylinder for 
the axis of y, and let the plane xy be horizontal. A, B ; fl, 6, are 
the semi-axes, major and minor, of the extrados and intrados re- 
spectively. A X E, a X E, the lengths of these semi-ellipses. 
S = arc A'P, where CN = A cose; and 8 — arc a'p, where C x - 
arc a'p. L = axial length, n = acute angle between the directions 

AE 

of the roads. * = angle of extrados ; and, therefore, tan * = ^ . 


The equations to the extradosal and intradosal spiral are, respec- 
tively, 

X = A cos e -v x — a cos 9 

'■ = a L e s [ (» » = is* ( W 

Z = B sin e 3 z — b sin 6 J 

and the equation to the face of the arch is y = x cot n + d. (3) 

Let X' Y' Z' x' y ' s', be the co-ordinates of the points in which 
the corresponding extradosal and intradosal spirals meet the face 
of the arch. Then X' Y' Z', x' s', are co-ordinates of a point in 
the face of the arch, and must satisfy equation (3). 

Y' = X' cot n + d ; and y' = xf cot n + d; 

L /S s\ A „ 

.*. X' - *' = (Y' - ff) tan ft = E tann = 


("A ~ *) tan n * 
tan * \A at 


In order to determine the length of CO, it will be sufficient to 
confine our attention to the projection on the plane xz, of a straight 
line passing through X'Y ' Z\ x'tf z\ The equation to this projec- 
tion 18 



(* - X') ; 


and if x =0, * = CO, .*. CO — 


Z' x' 
X' 


ar'X' 

x f 
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„ . , . AoVl-e* sin (0-a) 

B sin e a cos 0 — 6 sin 0 A cos 0 t « = 

' = " * tanfl 

tan*\A a/ 

sin (e - a) 

- 6 cot O tan * ,S __*v - - 6 cot n tan * nearly, since the 

U a) 

difference of 0 and a is always very small. 

Hence, whether the “section on the square* be circular or elliptic, 
at the point 6 make the angle fb C = 90 — n ; and at the pointy 
where b /meets C a, make the angle C/O =. *, the angle of the 
extrados ; the point O where fO meets b C produced is the focus 
to which the joints on the elevation converge. CO = C/tan <p = 

C B tan (90 — n) tan * = b cot n tan * 

If the section perpendicular to the axis be circular, / will be the 
focus of the ellipse a' 6 a, and may be readily found by describing 
from the centre 6, with radius Ca, an arc of a circle which will cut 
Ca in/, the focus of the ellipse a'ba . If we had considered this 
case alone, the preceding calculations would have been much sim- 
plified, for then A = B = R;a=6 = r; AE = »R; aE = » r ; 

_ , sin ( 0 - 0 ) 

6 = Re; *=r0; and CO = — r cot a tan* — r- y . 

(0—0) i 

The line /O may be readily and accurately drawn by setting off 1 
with any scale of equal parts fh - axial length, and erecting a 
perpendicular hk equal the semicircle or semi-ellipse in which a 
plane perpendicular to the axis cuts the extrados. 

F. Bashforth. 


CANDIDUS’S NOTE-BOOK. 
FASCICULUS LXXVII. 


** I must hare liberty 
Withal, as large a charter a* the winds. 
To blow on whom I please.** 


I. I must confess to being completely disappointed by Hay's 
book on the 44 Laws of Harmonious Colouring ; nor at all the less 
so for its having reached a sixth edition, when hafl reviewers re- 
ported of it conscientiously at first, its futility for any purpose of 
real instruction would have been pronounced long ago. It is not 
to be denied that it contains some useful information in regard to 
the colours — that is the pigments, employed in house-painting ; 
which may have caused a demand for the book among the opera- 
tives in that humble branch of art. But as to any direct insight 
which it affords into the theory and principles of artistic colouring, 
as one main auxiliary to architectural design and effect, it is alto- 
gether null. Or, at the very best, it merely affords a faint glim- 
mering here and there of something like approximation to the 
subject promised by the title-page. Possibly, Mr. Hay is fully 
capable of clearly explaining to others the doctrine which, it may 
be presumed, he lias satisfactorily established for himself. Never- 
theless, he has thrown very little, if any, light upon the matter. 
To say the truth, his book shows no disposition to communicate 
more than he can possibly help ; in which respect, however, he is 
by no means singular, there being many other books of a similar 
description, in which the information is studiously concealed, — 
either evaded, or else wrapped up in oracular brevity, or in ver- 
biage overclouded by more than oracular obscurity. Had Mr. Hay, 
instead of theorizing so much, ins blane , as the Germans say, con- 
descended to exemplify harmony of colouring in decoration by a 
few positive instances — both such as were distinguished for the 
observance, and others which proved its value by showing the 
errors arising from neglecting it — he would have supplied his 
readers with some really userul lessons ; whereas now ne leaves 
them entirely to themselves to take their chance for making out 
what he, as their professed instructor, should have carefully ex- 
plained step by step Where he ought to have been most of all 
lull and explicit, he is more vague and brief than elsewhere. On 
the other hand, he is somewhat loquaciously prolix in regard to the 
work done by him at Abbotsford, notwithstanding that it does not 
in the slightest degree serve to illustrate the Laws of Harmonious 
Colouring, the painting being there confined to the mere imitation 
of oak and wainscotting. In short, the book is a rather humbug- 
Ing affair, for the light which Mr. Hay has thought proper to afford 
us amounts to no more than 44 darkness visible,” ana there he leaves 
us to grope about 


II. The fresco scheme for the decoration of the Palace of West- 
minster does not, it seems, answer expectation, — at least so does 
not what has been done in the House of Peers, where the experi- 
ment has been first of all made, instead of the artist acquiring 
proficiency in that mode of painting, by being employed in less 
important parts of the building before touching that which ought 
to display, not the efforts of 44 'prentice hands,” but the mastery 
acquired by matured proficiency. Among other defects and over- 
sights complained of, it is now discovered that, partly owing to the 
profusion of gilding and vivid colours of the other decorations, the 
frescoes do not produce the anticipated effect, they being in a great 
measure overpowered and eclipsed by what is mere embellishment. 
Thus they are in a manner converted from principal objects as 
works of art, into quite secondary ones as regards the general 
ensemble , — a serious defect, that will be further increased when all 
the windows shall have been filled with stained glass, whose bril- 
liant hues will inevitably cause the frescoes to appear, by contrast, 
feeble and faded, more especially as the windows occupy so very 
large a proportion of surface. The only remedy which is now left, 
is to moderate the scheme of colouring for the windows, by exe- 
cuting them nearly entirely in chiaro-scuro, with only a few touches 
of positive colour here and there. Yet even this would be unsatis- 
factory in another respect, because such sparing application of 
colour in the glass would be out of keeping with the showiness in 
regard to colour of much of the ornamental work. The fact is, 
the decorations of the 44 House” have been studied only piecemeal, 
and those employed upon them have considered no more than their 
own particular share, without at all calculating the general effect. 
As far as the frescoes are concerned, it would surely have been 
easy enough to ascertain their effect beforehand, by filling in all 
the six compaitments with the cartoons for the respective subjects. 
Yet, obvious and simple as such mode of preparatory trial was, it 
seems, somehow or other — perhaps owing to the fatality which 
hangs over all our public undertaKings in art — to have been over- 
looked. Bold as it may be thought to say so, a determined system 
of blundering seems to be established for them. Certainly not the 
slightest pains are taken to prevent blunder, by proper experiment 
previous to the work being actually commenced. On the contrary, 
the chief precaution taken is to keep matters entirely in the dark, 
until some irreparable mischief has t>een committed ; and the only 
satisfaction left us is to amuse ourselves by wondering that they 
should have been managed so perversely. 

III. Of so-called religious subjects in painting, some are auda- 
ciously profane, others the most trivial in matter, and one and all 
equally fabulous ; giving us only the fancies of artists for the re- 
presentations of historical events. Religion may have been the 
patron of art, but art has been but a very questionable, if not posi- 
tively treacherous, ally to religion. It served Popery during the 
middle ages, for the impostures of the one were in keeping with 
the impostures of the other. But for pure Christianity, art can 
do just as much and no more than it can for the advancement of 
pure mathematics. There is a great deal of very palpable and 
maudlin cant afloat in regard to religious art. Hardly were any of 
the great masters inspired ; on the contrary, many of them were 
anything but exemplary ’ 
on the lewd traditions 
gusto as they did on the 
has, besides, contributed not a little to that fundamental supersti- 
tion of popeiy, Monolatry, against which worship of the pretended 
44 Queen of Heaven,” the Salic law ought to be enforced amongst 
Catholics. 

IV. Notwithstanding their piddling and minikin pedantry, ar- 
chitectural writers are apt to be exceedingly careless in their lan- 
guage, frequently employing expressions and terms after a truly 
nonsenical fashion. They will speak, for instance, of an order as 
being 44 of Colossal proportions”! the proportions being all the while 
precisely those which are generally followed for the particular 
order in question. Of course, they mean “dimensions” or “scale;” 
therefore, to use the other term, betrays strange confusion of ideas 
and the meaning of words. Nothing, again, is more common than 
the truly barbarous solecism— one for which a schoolboy would be 
corrected as a dunce— of employing the term 44 Intercolumniation, 
not in its own proper sense, but in that of 44 Intercolumn ;” which 
is nothing less than marring technical language, and doing away 
with those distinctions in it which are essential to its accuracy. 
If there be anything that can excuse such a truly vulgar blunder, 
it is the authority it receives from our architectural-dictionary- 
makers, some of whom among their other qualifications seem to 
have been totally ignorant of the languages from which most of 
the terms of the art have been borrowed for our own. The con- 
founding together the terms 44 Intercolumniation” and “Inter- 


in meir lives, ana exercisea tneir pencils 
of pagan mythology with quite as much 
traditions of the Church. Mediaeval art 
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column*— or rather the rejection ot the latter altogether, notwith- 
standing they are quite distinct in meaning— is peculiar to English 
writers, those of other countries properly observing the distinction 
between them. Just as well might we use “ Columniation* in the 
sense of “ Column,* and speak of a portico as consisting of so 
many columniations, as call “ Intercolumns* “ Intercolumniations” 
—the latter term signifying, not the actual spaces between the 
columns, but the mode of spacing adopted for the columns. The 
inaccuracy of language here corrected may be thought a fault of 
no consequence ; yet, as it is just as easy, it is surely just as well 
to employ terms correctly as not ; and the correctness thus recom- 
mended is surely also far less finical than that puerile affectation of 
antiquated orthography, which insists upon a final k in the word 
“ Gothic,* now invariably written u Gothick* by those who pique 
themselves upon their orthodoxy ; the k serving as a badge ot it— 
perhaps, like other badges, as a substitute for it. 

V. If Bunning a design for the new Coal Exchange be not wick- 
edly caricatured in a wood-cut of it that has been published, it 
must be a mortally queer one, still more queer than the Gothic 
exhibited by him in the City of London School, the taste displayed 
in which can be accounted for only by supposing that Guildhall 
diffuses an architectural malaria throughout the whole of that 
neighbourhood— a supposition rather confirmed than contradicted 
by the specimen of Italian at the corner of King-street.— To keep 
to the Coal Exchange, it seems the design of some architectural 
coal-heaver. I say “ seems,* for though it is made to appear such, 
it may prove the contrary ; and that is all the more likely because, 
as has been shown, a good deal in it is utterly unintelligible. There 
is room, therefore, for suspecting that it has been greatly misunder- 
stood and misrepresented. According to what, it is to be hoped, 
is a very gross caricature, Mr. Bunning* s design is absolutely archi- 
tecture run mad — madder than any of Borromini's freaks. In 
short, it is impossible to believe that such extravagant uncouthness 
and unmeaningness of forms as are there exhibited, will be actually 
perpetrated ; therefore judgment ought to be suspended until the 
work shall have been executed. Still, it is difficult to conceive how 
such a degree of misrepresentation could have occurred. Surely 
the wood-cut in question must either have been taken from an ex- 
ceedingly rough and random sketch indeed, or have been the work 
of some arrant bungler. 

VI. A story is told of a lecturer who was cut short in a long- 
winded rambling preamble, consisting of truisms and commonplace 
dressed up in high-flown phraseology, by one of his auditory 
getting not only impatient, but also getting up and saying : “You 
will excuse the interruption, Sir, but I must beseech you to bear in 
mind that we have not come provided with nightcaps !* This sally 
was succeeded by such a grand chorus of laughter, that before it 
had subsided the unfortunate lecturer had thought proper to vanish. 
Like many other so-called anecdotes, the above may be pure in- 
vention, it being, perhaps, too good to be exactly true. Its moraL 
however, is a tolerably significant one, and deserves to be attended 
to. If it be not an Hibernianism to call that strange which is so 
generally practised, it might well be called strange that so much 
mere school-boy stuff should be served over and over again in lec- 
tures and written essays ; sometimes to the exclusion of anything 
besides such frothy matter, it being poured in so unsparingly, that 
there is actually no room tor what would be substantial and nutri- 
tious. Now, people may be excused for not knowing more than 
what is already familiar to every one at all acquainted with the 
subject professedly treated of ; but there is no occasion for them to 
betray to others that such is really the case. It was not very long 
ago that conversing with an acquaintance who had been to hear 
some lecture upon architecture, he told me that little as he himself 
knew of the subject, he knew enough to be able to engage to pro- 
duce something infinitely more to the purpose than what he had 
heard, it being utterly stale, and barren of the least fresh informa- 
tion ; much of it consisting of mere metaphysical moonshine, better 
calculated to mystify than to enlighten the auditory. 

VI L It may fairly be questioned whether sculpture for the pedi- 
ment of the British Museum might not just as well be spared, in- 
asmuch as such partial decoration will only serve to render the 
absence of ornament in the rest of the structure all the more pain- 
fully striking. Even without such addition to the main building, 
there is a most unartistic want of keeping between that and the 
wings, — a defect which it is now so utterly beyond the power of 
any mere ornamentation to remedy, that it is more likely to be in- 
creased by attempting it. At present it is not so apparent as it 
will be when the old buildings, which serve in some degree as a foil 
to the new ones, shall have been completely cleared away, and the 
entire line of the latter become fully exposed to view. What sorf 
of a tout ensemble may easily enough be guessed, since it may ev en 


now be plainly foreseen. If there be any doubt at all in regard to 
it, it is only because it still remains to be seen how it is Intended 
to inclose the court from the street. Should it be done by any 
such sort of palisading as that before the Post-office, the effect 
will be mean and tasteless in the extreme. Whatever it is to be, 
that and the sentry-boxes were probably not included in the model, 
which, it might reasonably be fancied, did not even so much as ex- 
hibit the wings, otherwise their incongruousness with the central 
structure could hardly have failed to be noticed and objected to by 
those to whom the model was submitted — at any rate, if they were 
at all qualified for exercising any judgment in the matter. One 
question not wholly undeserving deliberate consideration there is 
which does not seem to have occurred to any one, namely, whether 
it would not have been more advisable, instead of adhering to the 
arrangement of the original edifice, to advance the new fafade up 
to the street or nearly so, thereby extending the plan, by taking 
in the court-yard. That would have provided the accommodation 
that will in a few years be required, should the collections continue 
to increase as they hitherto have done. Much available space has 
also been thrown away elsewhere, since without entirely filling up 
the inner court, it was obviously practicable enough to occupy a 
portion of that quadrangle (317 and 238 feet) by one or more 
ground floor galleries within it, lighted from above, and not so high 
as to obstruct the windows towards the court, which are besides at 
a considerable height from the ground. Or the apartments there 
formed might have been on a somewhat lower level than the court 
itself. It will, perhaps, be said that should it be found requisite, 
this may still be done, but certainly not so well as it might have 
been, had it been planned at first, since it would call for some alter- 
ations in what is already built ; besides which, had it been thought 
of at first, the cost of the inner trades of the quadrangle might 
have been spared, since plain brick walls — quite shut out of view, 
as they would have been — would have been just as well in such a 
situation as the present ones faced with stone. Even had the court 
been partly built upon below, the upper part of it — that is, as much 
of its sides as could be seen from within through the windows, 
might still have been finished as at present, with the omission how- 
ever of the columns and antes, so that its general appearance as so 
viewed would have been quite as satisfactory as it is now ; nor need 
buildings within the quadrangle have been at all visible from any 
of the surrounding galleries or other apartments. 

VIII. The plan of the National Gallery was in a great measure 
sacrificed to tha unlucky and obstinately-persisted-in whim of letting 
St. Martin s church be seen from Pall-Mall East. Since it has 
been thrown open by the removal of the Mews, that building, said 
the wiseacres, must on no account be shut out of sight again as it 
was before ; as if such would really have been the case were it not 
visible from Pall-Mall East, when it would have shown itself as 
well, or perhaps even better — more picturesquely than it does now 
from Cockspur-street and Trafalgar-square. But for that stupid 
whim, which prevented the architect from bringing his portico at 
all forwarder than he did, and also compelled him to set back the 
extremities of his fa9ade very considerably, the building might 
have been nearly twice as much in depth as it now is, and in some 
parts even more than that. It must be admitted that notwithstand- 
ing the disadvantages forced upon him, Wilkins might have ar- 
ranged it much better, there being at present a great deal of space 
thrown away, that might by a little contrivance have been turned to 
good account. As to the dome, 1 have not a word to say in excuse 
of it, it being so decidedly bad. Excuse for Wilkins, upon the 
whole, there is much, for never, perhaps, was architect more worried 
and thwarted than he was in that unlortunate building. 

IX. “Eminent” must be an epithet of exceedingly doubtful 
meaning when we find it applied to an individual recently deceased, 
who, as an architect, was of no note whatever. However eminent 
Mr. * * * may have been in the profession, he was certainly not 
at all eminent out of it, his name being totally unknown to the 
public. Rather was he eminently obscure, since so far from being 
quoted in evidence of his talent, not a single building by him has 
ever obtained notice at alL As a man, he may have been a very 
worthy character : so he might, had he been an “ eminent cheese- 
monger,” in which case eminence and obscurity might have been 
allowed to go hand-in-hand together. Truly grievous is it that 
harmless nobodies should be so vilely daubed over as soon as they 
are dead. It looks too much like thanking them for going out of 
the world and leaving their snug places and appointments for 
others. The professional life of the eminent architect alluded to 
would, I fancy, form a more curious than interesting contribution 
to the biography of artists. 
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BUCKINGHAM PALACE AND THE MARBLE ARCH. 

But one opinion has been expressed of this unfortunate Palace, 
for if it finds favour at all with any, they have not the courage to 
utter so much as a syllable in defence of it. We may accordingly 
spare ourselves further censure of what is actually done, our pre- 
sent purpose being to point out what might have been done, and 
doubtless would have been, had aught like due or decent consider- 
ation been given to the mattei^ the idea here submitted being so 
very obvious a one that it is difficult to conceive how it could have 
by any possibility been overlooked. Or if it was not overlooked, 
but purposely rejected, it becomes desirable to know on what 
grounds it was set aside, since the reasons must have been more 
than ordinarily cogent ones to lead to its rejection. 

Looking at the Palace as it stood before the alteration was com* 
menced, no one would have ever imagined that the blocking it up 
by another building, merely in order to obtain additional rooms, 
and thereby depriving all the original portion of the building of 
those advantages of situation and prospect which in some degree 
atoned to its occupiers for its architectural deficiencies, would have 
been resorted to without all other expedients being first tried. The 
preserving the same view as before into the Park should have been 
made a sine qua non ; instead of which Mr. Blore seems to have had 
a carte blanche to do just as he pleased, and he seems to have studied 
nothing more than merely providing the extra accommodation re- 
quired, in an additional building merely tacked on to the first one. 
To say that he at all considered the circumstances of the case — the 
opportunity which it held out for architectural improvement, would 
be to accuse him of downright incapacity. The most prudent ex- 
cuse for him is that he was called upon so suddenly to prepare draw- 
ings for the purpose, that he had no time to collect his thoughts, 
much less any ideas, those which he might else have had being put 
to flight by the expeditiousness imposed upon him. Whereas had 
he been allowed to apply himself to the task leisurely and quietly, 
he would have devised some means of preserving the Marble Aren, 
and not only retaining it, but giving it increased value and im- 
portance, as the focus point of a new fa 9 ade. 

General, vague suggestions of this kind, it will perhaps be said, 
are very easily made, but we here offer somewhat more than a 
mere shapeless, unembodied idea, by showing in the annexed cut 



how the Arch could have been retained and connected with the 
advanced line of new buildings. We would have continued the 
stylobate and order of the Arch by two sweeping double colonnades 
(quadrant in plan). This would not only have given greater privacy 
to the court-yard, the stylobate being sufficiently high to prevent 
its being looked into, but would also have given it greater apparent 
space than before, when that space was so indistinctly defined by 
the palisading, that as seen from the Palace the Arch appeared to 
stand as quite a distinct and insulated object in the Park. Ac- 
cording to the plan here shown, it would, on the contrary, in con- 
nection with the colonnades attached to it, have formed a highly 
scenic piece of architecture, full of play of light and shade and per- 
spective effect, and admitting a view of .the landscape scenery in 
tne Park in tne background. As an embellishment to the court 
there might have been parterres in the quadrant portions of it, 


with a fountain in the centre of each quadrant. To specify other 
matters of decoration not indicated in the plan— statues and can- 
delabra for gas-burners placed alternately in the intercolumns of the 
colonnades, and a colossal sitting figure of Britannia on the summit 
of the Arch, giving to the latter what it has all along wanted, a 
pyramidal teimination to its mass, would have produced a more 
than ordinarily striking architectural picture, whether viewed from 
the Palace or the Park. As seen from the latter, it would have 
been a sufficiently effectual screen to the buildings within the court, 
and after the sun had passed off from the east side of the Palace, 
would have been continually lighted up by its r ays striking upon 
some of the columns during the whole day. In combination with 
additional buildings carried out to the right and left in ex- 
tension of the original wings, such a colonnaded centre might have 
been made to produce a fayade not at all inferior to, perhaps even 
more picturesque, than that of any other royal palace in Europe ; 
whereas now— but we can hardly speak with decent patienoe 
of the miserable and truly contemptible abortion which Blore 
has perpetrated, both to his own disgrace, and the disgrace of those 
who employed him. Had such a design for enlarging the Palace 
been sanctioned by William IV., though our mortification would 
have been the same, our surprise would have been considerably 
less. His taste and feeling tor art never extended beyond the 
figure-head of a ship. That it should have been perpetrated under 
the auspices — at least under the very nose of a Prince who affects 
the character of a connoisseur and patron of art, fills us not only 
with astonishment, but dismay. We account for it only by sup- 
posing that he was overruled in the matter, he being no more than 
Prince Consort. 

To show^ as we have, what might have been done, when the op- 
portunity for doing it has passed away, may seem ungracious. Our 
reply is, it is no fault of ours that the opportunity was not afforded 
us, and not ourselves alone, but others also perhaps far more able, 
of making suggestions at a time when advantage might have been 
taken of them. At any rate, we hope that Buckingham Palace will 
now prove an efficacious lesson for the future ; and it is also some 
consolation to find that it is not only poor, but so desperately bad, 
that there is very little danger of its corrupting public taste, be- 
cause it will be now more mocked, and more an object of general 
derision than ever. Admiration it will excite none whatever, that’s 
certain; but then it is equally certain that it will excite a vast deal 
ot astonishment. It will completely astonish the natives, and all 
foreigners into the bargain. 

As the Marble Arch — which might have been so easily retained, 
and not only retained but greatly improved, and made the nucleus 
of an extended piece of decoration in the foreground of an extended 
line of fayade — is to be taken down, the question now is, is it to lie- 1 
destroved, or re-erected on some other spot ? Nobody except those 
actually in the secret, knows ; though why it should be made a 
secret at all nobody can tell, unless it be because the intention in 
regard to it is so preposterous that were it divulged it would excite 
strong opposition. Our idea is that the street front of the Horse 
Guards would be a very suitable situation for it. It would there 
fill U P what is now too much of a gap, and the two smaller arches 
would serve admirable as the recesses for the sentinels on horse- 
back. It has, indeed, been rumoured that both the Horse Guards 
and Admiralty are to undergo architectural transformation by Mr. 
Barry. But instead of that interposing any obstacle, it would 
rather facilitate such application of the arch, since Barry would 
only have to bring it into his design, and treat the rest of tne com- 
position in accordance with such feature. 


BUCKINGHAM PALACE. 

Sir — It seems not a little singular that none of the critics who 
are disposed to animadvert in such severe terms on the new front 
of Buckingham Palace, not even your lynx-eyed 44 Candidus” him- 
self, should have discovered that it is only a reduced copy (about 
two-fifths in length) of the Palace at Caserta ; so that the faults 
or merits, be they which they may, are not Mr.Blore’s. but ..Van vi- 
tetti’s. In proof of which, I beg your acceptance of tracings of 
the perspective view of the front and of the plan, after Vasi. 

It is to be feared that the imitation will be confined to the part 
of Vanvitetti’s design upon which he appears to have bestowed the 
least pains, that is the outside, and that there are but faint hopes 
of an equal imitation of the splendid staircase and vestibule. 

Vasi states the length of the north and south fronts of Caserta 
to be 918 palms (Neapolitan, I presume), which, at 10£ inches, 
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would give 873 ft. 10 in. for the length of the front. The east and 
west fronts, hy the same reckoning, would be 618 ft. 10 in. ; and, 
as the length of Buckingham Palace is stated in the Journal at 
350 feet ? tne proportion is exactly two-fifths. The height of 
Caserta is 120 feet ; of Buckingham Palace, 77 feet. 

I visited Caserta thirty years ago, in company with Mr. Woods 
and M. Soiss. the eminent Belgian architect, and the notes of that 
day are now Defore me. 

“ The central passage or vestibule leading from the entrance is 
2* feet wide, and 24 feet high to the springing of the semicircular 
vault. The steps of the middle flight of the stairs are 22 feet 
long, and the two return flights each 14 feet long (100 steps in all), 
and are of white and reddish variegated marble : there are statues, 
trophies, &c. The vestibule above is handsome, but (in my eyes 
at that time) in bad style. The chapel (which is opposite to the 
staircase) has coupled columns, of Sicilian marble. The lower 
part of tne chapel is lined with slabs cut from the Giallo Antico 
columns, removed from Purruoli,** &c. &c. 

Let Mr. Blore give to the Palace a staircase at all resembling 
this, and the world will forgive him the faults of his front ; many 
of which have, no doubt, been forced upon him, as upon his great 
predecessor, hy the necessity of providing accommodation for so 
many people. 

I have read Mr. Elmes's Epitome of the Lives of English Archi- 
tects with great satisfaction, and beg to express my hope that he 
will carry out his “ present intention** without delay. I would take 
the further liberty of suggesting to him that the illustrations he 
promises ought to consist mainly of unedited specimens, or at least 
of those of which the engravings are least accessible, or the works 
containing them least known. A list, referring to the books in 
which the most meritorious of each arcnitect’s productions are to 
he found, would be very valuable. 

It should be remembered that size is not the criterion of merit. 
How many of us country architects are forced to take the counsel 
of our excellent friend, Percier, and in despair of executing large 
works, to bestow greater care upon lesser ones ? 

1 am, &c., 

York , Dec. 13, 1847. Robert Sharp, Architect. 


COWPERS INVERTED ARCH BRIDGE. 

Sir — In reflecting on the construction of Mr. Cowpers bridge, I 
think it is interesting to notice that the boiler plates are rivetted 
together , so that the pressure on the piers and abutments must now 
be vertical instead of oblique , as in the common suspension bridge. 

Hence, then, in principle it may be said to coincide with the 
ordinary girder bridge, but its alteration in form suggests an im- 
portant advantage, which it possesses ; for, in the girder bridge 
(and especially when dealing with long bearings), there must 
always be this objection, viz., that by reason of the gravity of the 
material itself, independently of any additional influence of a load 
placed upon it, it is constantly tending to assume a curved form, 
and such curved form not being the natural position of its particles, 
it is constantly tending to rupture ; but in the “ inverted arch* 
bridge** the material is thrown into that form (or nearly so) which 
it would take if perfectly flexible , and then is made perfectly rigid . 
So that, as regards its own gravity, there is no further alteration 
of form, of any practical importance, to be apprehended. 

With regard to the alteration of torm which might result from a 
load being put upon it, Mr. Cowper has already pointed out the 
preventive measure, viz., the giving to the vertical dimension of 
t he plate such a magnitude as to bring the line of strain within 
the plates. 

I think the name might have been more aptly chosen : “Inverted 
arch** is suggestive only of /orm, and not of principle , and might 
(it seems to me) with equal propriety be applied to the ordinary 
suspension bridge. I am, &c., * 

G. W. Richard. 

*** It is not clear that it would he practicable to make the 
“ inverted arch bridge** so rigid as to exert only vertical pressures 
on the abutments, and to act as a curved girder. 

Suppose its span 200 feet and depth 4 feet, and that a weight of 
30 tons (engine and tender) rests at its centre.- Then, by the 
ordinary principles of statics which apply to girders, we may easily 
find the horizontal strains of tension and compression which this 
weight alone produces at the centre. Considering the half-structure 
as a separate statical system, the forces acting upon it have equal 
moments about the point of support in the abutment : or half 
the weight X the half-span = the moment of the couple of tension 


and compression created at the centre of the bridge. The length of 
the arm of couple is indeterminate, but (since the total depth is 
4 feet) it is a favourable supposition to take it at 3 feet. Hence, 
calling the horizontal strain P, we have 

P X 3 = 15 X 100, or P — 500 tons! 

The metal must be tolerably thick to resist five hundred tone 
pressure on the upper, and tension on the lower, side of the bridge 
at its centre! This difficulty is formidable enough when the struc- 
ture is considered as all one piece, but becomes insuperable when 
the effect of joints is taken into account. It is not to be overcome 
by any system of rivetting and dove-tailing, however intricate. 

Though it be easy to calculate the amount of the horizontal 
strains at the centre of the curved beam, it is not easy to estimate the 
sectional or transverse dimensions necessary to resist those strains ; 
for our knowledge of the transverse strength of wrought-iron is 
much less than of cast-iron. Some idea may, however, be obtained 
from analogy. The “inverted arch,** if it sustains itself by its 
rigidity as a girder, may, for all purposes of calculating the strength 
at its centre, be considered as a horizontal beam 200 feet long and 
4 feet deep, with an effective width of 1 foot to 1 foot 6 inches at 
the utmost. Now, the proposed Menai tubular bridge will be 450 
feet long, but its depth will be thirty feet , and width fifteen feet : 
also its upper and lower sides will be composed of several thick- 
nesses of metal, as the former will consist of two, and the latter of 
one, series of cellular compartments. The analogy between the 
Menai bridge and the inverted arch is complete in several respects : 
both are tubular, both are to be composed of rivetted wrought-iron 
plates, and both are designed for railway traffic. The seqtional 
dimensions of the Menai bridge are suggested by actual experi- 
ment, and are never considered too great. Is it not, therefore, 
abundantly evident that a beam of jths the span of the Menai tube, 
but with only an eighth or twelfth its depth and width, would not 
be rigid enough to sustain itself as a beam ? 

If suspended from, instead of resting upon, the abutments, it 
might perhaps be prevented from actually falling, but it would 
certainly bend. If the poiut of suspension be supposed to be at 
the upper edge of the end of the beam, the transverse strains of 
deflection will be somewhat reduced by the curvature of the beam ; 
but it would be difficult to show that this advantage would not be 
far more than compensated for by the increase of length, and there- 
fore of material, which the curvature renders necessary, 

It is important to remark, that if the only requisite for security 
were that the depth of the chain should “ include any alteration in 
the curve of the strain,** that depth should not be uniformly 4 feet. 
It should be nothing at the centre of the span and the point of sus- 
ension, and gradually increase up to some intermediate part. The 
ighest and lowest points of a catenary may be always chosen 
arbitrarily. 

The argument that the chain would not be distorted because it 
is “ of such depth a9 to include any alteration in the curve,** is 
vague and inconclusive. It certainly cannot stand ground against 
deductions from the fundamental equations of statical equilibrium. 
The reasoning given above is a simple, ordinary application of the 
elementary principles of mechanics ; these are not to be opposed 
by a mere hypothesis, which is too subtle to be made the subject of 
rigid investigation. All that can be said of this hypothesis is, that 
it is not necessarily true . A number of independent chains might 
be hung from the abutments, and to each might be given that form 
which it would, if perfectly free, assume of itself when the load 
at some particular stage or its transit hung from that chain alone. 
Then it is clear that, while no connection existed among the se- 
veral chains, the load acting on each in succession would not tend 
to distort any of them, «. e. would not produce transverse strains. 
But it does not follow that this would be the case when all the 
chains were bound up together in one connected mass. 

The “ inverted arch bridge” does not seem to be an advantageous 
compromise between the principle of the girder and the suspen- 
sion chain. An intermediate condition misses the advantages of 
both those structures : for if the inverted arch be only partially 
rigid it is subject to needless and prejudicial transverse strains; — 
if it be as rigid as a girder, why unnecessarily increase its length 
by curving it ? The idea of our correspondent that the curvature 
obviates its tendency to deflect by its own weight, seems to us un- 
founded ; for however much the structure was bent when first 
put up, it would tend to bend still more when its ends merely 
rested upon the abutments. We cannot positively undertake to 
assert that the suspension of a curved beam has no peculiar advan- 
tages ; but they have not yet been pointed out, and we are unable 
to discern them. — Editor. 
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ELECTRIC TELEGRAPHS. 

It is extraordinary that we should have had to wait so long for 
the introduction of a system of electric telegraphs, seeing that a 
century ago it was known that the electric fluid could be sent 
through a coil of wire two miles long, as was done in the experi- 
ments at Hampstead, while a coil had also been carried across the 
Thames. Papin, too, in the beginning of the last century, had 
sought a means of communicating power and motion to a distance. 
Had, however, such a means of communication as that by the elec- 
tric telegraph been adopted, it would have languished in the then 
state of the roads, ana the then state of society, for it would not 
have answered commercially, and its failure might have been most 
prejudicial. It has been reserved for our day to apply this inven- 
tion, and to give one to the many characteristics which make it 
an era of progress. Beside the locomotive, the steamship, and the 
daguerreotype, the electric telegraph may take its place ; and the 
day is perhaps not very distant, when our furthest islands will by 
the telegraph be brought under our immediate rule. 

Having been among the first in the field, and having by the 
Slough line proved the practicability of the svstem, we have allowed 
the Americans to get in advance of us, for they had in 1846 sixteen 
hundred miles in practical commercial working, while we can hardly 
be said, even at present, to have any great extent of telegraph in 
use, although we have a great length laid down. Next year will 
redeem us from this charge, for we shall have two thousand five 
hundred miles, but it will not exculpate the government for having 
so long neglected this adirtirable invention. It is some comfort 
that we are ahead of France and all the European kingdoms. In 
the want of machinery for extending electric telegraphs we have to 
regret the neglect of the government in withholding the introduc- 
tion of railways in India, where the telegraph would be invaluable 
in governing territories so vast, and where the number of English 
functionaries is unhappily limited. 

We have now arrived at an era in the telegraph, for at the date 
of this publication, the metropolis has been brought into imme- 
diate communication with Liverpool, Manchester, and many of 
the great centres of trade and manufactures. The Electric 
Telegraph Company have brought their operations to that stage 
that they can convey intelligence to sixty great towns, and this 
seems an appropriate time for laying some account of their pro- 
ceedings before the public, the more so as the full effect of this ad- 
mirable invention does not seem to be so well appreciated as it 
might be in comparison with its vast capabilities, and the influence 
which it will exercise upon every class of the community, both 
morally and physically. 

The operations may be considered as having begun with Mr. 
Cooke and Professor Wheatstone, who, after labouring singly for 
some time, in 1837 took out their first patent. It is understood 
that Professor Wheatstone applied himself more to the purer philo- 
sophical experiments, and that Mr. Cooke has taken charge of the 
ractical detail, and at last brought the invention to its present 
earing. We say nothing of other parties who have laboured on 
this subject, for our business is now with the Electric Telegraph 
Company. Soon after Messrs. Cooke and Wheatstone took out 
their patent, they laid down a line nineteen miles long on the Great 
Western railway, between London and Slough, the working of 
which was most successful, although of course it did not satisfy 
those who thought the system might fail if extended to Liverpool or 
York. It took many years to urge the system forward, and it was 
not till 1846 that a company was incorporated, called the Electric 
Telegraph Company, for carrying it out on a large scale. Con- 
tracts had however been made, and works carried on, so that before 

S e act of incorporation the company was already in activity, and 
td by the end of 1846 laid down 1000 miles of telegraph. At the 
same date Professor Morse, in America, had laid down 1600 miles. 

The system has been chiefly carried out in connection with rail- 
ways, because the value of the telegraph to the railway companies 
has induced the latter to adopt it, ana to make advantageous ar- 
rangements for laying it down. The years 1846 and 1847 have 
therefore been chiefly employed in laying down the wires, and their 
working on a large scale has been retarded until now by the non- 
porapletion of the wire between London and Rugby, on the North 
Western railway. On the 13th November this link was completed, 
and the London prices were at once conveyed to Manches- 
ter. The new metropolitan station has likewise been partially 
opened, and by the new year the whole plan will be in full opera- 
tion. During the present year the metropolitan station has been 
in the Strand, and the working has been chiefly for government 
purposes along the 8outh Western line to Gosport, although 


latterly much general business has been transacted. The organi- 
zation of a new system has called for the exercise of much labour 
and ingenuity in the engineering and the signals departments, the 
principal officers of which are Mr. Hatcher, recently of King's Col- 
lege, and Mr. Whishaw, author of the w Railways of Great Britain,' 
and the inventor of the hydraulic telegraph. In the standard work 
on the “ Railways of Great Britain, Mr. Whishaw proposed uni- 
formity of railway time, and a mode of communication between 
guard and driver, which with many other practical suggestions are 
now carried out. At a given time every morning a signal will 
be made from the central station^ and the needle will be brought 
to the vertical indicating Greenwich mean time, by which all the 
telegraph clocks will be set. As this arrangement, most im- 
portant to travellers, will now be carried out over the country, we 
may observe that local clocks and watches can be made with a 
double minute-hand, so as to show local time and mean time. Al- 
though much controversy has been raised about mean time, and 
many eminent men have opposed it, it has received the sanction 
of the astronomer-royal, who has proposed the adoption of it for the 
great clock at the palace of Westminster, which is to be set by 
electric telegraph from Greenwich. The system of codes adopted 
by the Electric Telegraph Company, has been, we believe, entirely 
constructed and arranged by the same gentleman. On account of 
the extent of the operations of the company a great many mechanics 
have been employed in making the various apparatus and in laying 
down the wires, and many works of great nicety in their execution 
have been carried out. 

The company is not restricted to Messrs. Cooke and Wheat- 
stone's patents, but has power to avail itself of all inventions in 
which electric power is used. They have therefore purchased many 
patents and inventions, among the chief of which may be mentioned 
Bain's electrical clock, an invention, the full value of w hich is far 
from being known. At the offices in the Strand is a model-room, 
which contains a large collection of telegraphs of various construc- 
tion, and of clocks. This model-room does great credit to the com- 
pany, and is a museum of great value to the practical man. It 
will be recollected that at Sir John Rennie's conversaziones in the 
spring, among the many novelties which the learned president 
brought before his guests, was a collection of telegraph apparatus. 
This was contributed by the Electric Telegraph Company, and 
formed not the least interesting contribution to tne temporary mu- 
seum in Whitehall Place. 

In the model-room in the Strand, the collection in which will, 
we presume, he removed to the city, there is every thing neces- 
sary to illustrate the subject, though of course it does not contain 
every telegraphic invention. Several apparatus show the improve- 
ments which nave been gradually made in the needle instrument, 
so as to make it capable of working. Two ingenious telegraphs 
communicate hy sound. One of these, the invention of Professor 
Wheatstone, strikes two hells of dissimilar sound, the combination 
of the two producing the letters, as in the double needle telegraph. 
Another, the discovery of a workman, gives a humming noise from 
a wire. The effect is singular, and was a chance discovery. At 
present it is of no moment, but the preservation of a model by the 
company serves to encourage the spirit of discovery, while what is 
now merely trivial may become the germ of a valuable application. 
It is deserving of note that already the officers and workmen em- 
ployed on telegraphs have been the means of making many useful 
suggestions, and we may anticipate the best results from an energetic 
body of employees, if the company are liberal. Notwithstanding 
all that has been said about railway improvements, it is well known 
to practical men that very great improvements have been effected 
by railway officers, and that a large amount of talent is constantly 
and energetically directed to the perfection of the system. The 
names of George and Robert Stephenson, Brunei, Braithwaite, 
Booth, Gooch, Gray, Edmonson, are only a few as a specimen of 
those who have contributed to the practical improvement of rail- 
ways. In a few years the Electric Telegraph officers will, we 
hope, have given equal proofs of zeal and ingenuity. 

The printing telegraphs in the model-room are illustrated by 
several apparatus of various forms, some for printing by letters, 
and others by signs. The company make use at their stations of 
the needle telegraph, but as the working of this is doubtful, and 
other telegraphs move quicker, it is quite open to them to change 
their instruments, as they have the wires laid down, and the wires 
are used under whatever system. While adverting to printing 
telegraphs, which print their message in black, we may observe 
that it is perfectly competent to make a telegraph which shall use 
different colours, and indeed a mode of shading was long ago sug- 
gested by Mr. Hyde Clarke. 

The business of the company in electric clocks will no doubt be 
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very large in the end, as they admit of such useful application in 
public and private establishments. In the course of a short time 
no public office will be without a clock dial in every department, 
and when the example has been set wide enough there will be few 

t irivate houses without a dial in every room. It is a small thing, 
mt it is no mean thing to increase habits of punctuality in a popu- 
lation. Those who have noticed in foreign countries the disregard 
of the value of time among unenterprising populations, know the 
worth of our greater luxury in time-pieces. The Electric Tele- 
graph Company, however, will be satisfied with the pecuniary 
result, without seeking further as to the public benefit they may 
effect. The price of a clock is at present of course rather high, 
namely, sixteen guineas, and of companion clocks, ten guineas 
each. A great objection to electric clocks at present is, that de- 
pending on the electric currents of the earth or on a battery, their 
regularity cannot be depended upon. 

The metropolitan station, designed by Mr. Hunt, is very well 
situated. It occupies what was lately Founders’ Hall and the ad- 
jacent premises, having entrances in Lothbury from Founders’ Hall- 
court, and in Moorgate-street. The doorway in Founders’ Hall- 
court is handsomely carved in stone, and though 6mall makes a good 
fa ;ade. The central hall or counting house is one of the hand- 
somest works lately executed. This station is within a few minutes’ 
walk of the Bank, Stock Exchange, Royal Exchange, Lloyd’s, 
the joint stock and private banks, assurance offices, in the heart of 
business, and not far from the Corn Exchange, Commercial Rooms, 
Coal Exchange, and the seat of the Manchester warehouses and 
colonial produce warehouses. The newspaper offices are further 
removed, but in the end means will be found of accommodating 
this class. The government offices, houses of parliament, courts 
of law, and places of west-end business are also at a distance, but 
the city is the district which will pay best, and it is impossible to 
provide for all at once. So far as the city office is concerned, the 
judgment of the managers has been well shown in its selection. 

The principle of Cooke and Wheatstone’s telegraph is founded 
on the discovery of Professor CErsted in 1819, that a magnetised 
needle has a tendency to place itself at right angles to a wire along 
which a current of electricity is passing. By the movements of 
such a needle on a dial an alphabet is formed, which serves as the 
means of communicating messages. 

In the other forms of telegraph a disc is made to rotate, bearing 
on it letters or signs, and this is effected in virtue of the property 
soft iron has of becoming temporarily magnetised by an electric 
current being passed along a wire coiled in a spiral around it. The 
same principle is adopted in all the apparatus for ringing the 
alarum in order to give notice that the telegraph is in action. It 
is to be observed that the telegraphs in the United States, France, 
and Prussia, are on the disc system ; in Baden Highton’s telegraph 
has been used. Most of the telegraphs in England are needle tele- 
graphs, that on the South Devon is a disc telegraph, and that in 
the Box Tunnel on Nott and Gamble’s plan. 

The disc telegraphs are worked eitner by the voltaic battery 
or the magneto-electric machine, power being derived from a 
permanent magnet. With these telegraphs, two wires only are 
necessary, one for the telegraph and one for the alarum ; but the 
needle telegraphs, for commercial purposes, require three wires, 
two needle-wires for the telegraph and one wire for the alarum. 

As now laid by the Electric Telegraph Company, on their best 
system, two wires are employed for each principal station, the 
wires used being of iron, of No. 8 gage, and one-sixth of an inch 
diameter. These are galvanised, and come very cheap. The 
weight is about 38 lb. to the hundred yards, or 480 lb. per mile. 
The wire is welded together in lengths of about a quarter of a 
mile each. These wires are fixed to staudards, at distances vary- 
ing from 45 to 55 yards apart, and at each quarter of a mile is a 
stronger standard, where a connection is made. The wires are 
kept taut by a simple arrangement, which it is unnecessary to 
describe. In consequence of this mode of suspending the wires on 
standards, which was first adopted in 1842, a great economy is 
effected, and the system admits of a more extensive application, as 
now it may be laid anywhere wherever the standards can be put 
up ; and as the population get accustomed to this invention, it can 
be put up as safely in the streets, or in the roads, as gas-lamps are 
now left ; though of course it is premature to anticipate such ad- 
vancement at present. Under Brett and Little’s system it can, we 
believe, be laid much cheaper than now. 

The original method of laying the wires was to cover them 
with silk or cotton thread, and then with pitch, resin, caoutchouc, 
or some other non-conducting substance, enclosed in earthenware 
tubes, in wood trunks, or in iron pipes. At that time, there were 
several inventions for laying the telegraph wires in asphalt. The 


great expense of the system was one of the obstructions to its 
extension at an earlier period. Our readers will recollect that 
pipes were used on the Great Western and Black wall Railways. 
One purpose in the pipes was to prevent any interference with the 
telegraph wires ; but this precaution is now considered unneces- 
sary. The connecting wires between Nine Elms and the Strand 
stations, and between Euston-square and the metropolitan stations, 
are laid in pipes (Mr. Freeman Roe being the contractor) ; but, 
as we have already observed, they will in the end be, in most 
cases, laid on standards in the streets. At the present moment, 
our main streets are filled with cast-iron pipes for gas, for water, 
and for electric telegraphs. Liquid manure is also to be laid on, 
and we believe Professor Wheatstone contemplated a sound tele- 
graph, which should play music. The professor contemplated the 
conduction of sound ; but waiting till that is accomplished, it is 
quite easy to play music at a distance by the present resources of 
science. With a sufficient number of wires, a gTand piano might 
be played in London and Liverpool at the same time ; and nothing 
would be easier than for one organst to play in two cathedrals, or 
to play a set of chimes in St. Paul’s and in York Minster simul- 
taneously. Professor Wheatstone’s bell telegraph, in the model- 
room of the Electric Telegraph Company, gives the elements of 
such an apparatus. In Flanders, every town has its set of carillons 
or chimes, playing elaborate tunes, and having its carilloneur, who 
plays on Sundays. In time, the whole of these may be worked 
together, or perhaps the towns of England supplied with the 
luxury of carillom . Professor Wheatstone, however, proposes to 
go beyond this, and to convey musical sounds to a distance. 

A great economy has already been effected in the number of 
wires used. In the earliest Slough instrument, five needles were 
used, and double wires for each. The application of the principle 
that the earth could be made to serve as half of the circuit, and 
its adoption by Mr. Cooke in his patent of 1842, at once abolished 
half the wires, and by successive improvements, the number of 
needles was brought down to four, to three, and to two, and, for 
some purposes, even one. Thus, where twelve wires were necessary 
in 1842 for one station, two are now sufficient, while the cost is 
decreased in a very much greater ratio by the wires being 
galvanised instead of wound in cotton or silk, and by their 
being suspended in the air instead of being laid in pipes. Perhaps, 
in the end, a lighter wire will be used, and the system will be in- 
definitely extended. It is impossible to consider the system as 
being otherwise than in its earliest infancy, and we may expect, as 
in railways, to see very great modifications. The locomotive, after 
being increased in size to the magnitude of the “Great Western,** is 
now likely to be brought down to the proportions of a steam- 
carriage. Nothing is so dangerous in new inventions as to pre- 
judge. 

The instruments used are Cooke and Wheatstone’s, and are 
either single or double needle instruments. The latter is pre- 
ferred. They are both on the same principle, except that the 
latter is double the former. As seen from the outside, the double 
needle telegraph shows two needles suspended like clock-hands on 
a dial. Each of these needles is the duplicate of another within 
the instrument, and behind the dial, and which latter is the real 
needle. This needle is suspended in a light hollow frame of wood 
or metal, round which are wound two sets of fine copper wire, coated 
or insulated with silk or cotton. About 200 yards of wire, -fa th 
of an inch diameter, is used for these purposes. This coil is con- 
nected with an electro-galvanic battery. A great difficulty of 
the needle telegraph is to stop the oscillations or vibrations of the 
needle when set in motion. This is attempted by giving a greater 
extension and weight to the lower limb of the needle. 

On the instrument, below the dial, is a handle, which is so 
formed as to turn on or break off the connection of the battery 
with the conducting wires, and so to transmit motion to the needle, 
which, according to the way in which the current is passed, may 
be deflected to the right or left. 

In the double- needle instrument, the alphabet is formed by the 
production or repetition of three combinations. The needles being 
laced parallel, the right-hand needle may be worked or the left- 
and needle, the two together, or the two alternately ; accordingly 
as this is done once, twice, thrice, or four times, a large number of 
alphabetical or other characters is obtained. The double needle 
has this additional economy over the single needle, that in many 
combinations the two handles are worked together ; in other tele- 
graphs of a simpler construction the saving would be still greater. 

The needle being itself a magnet, is subject to disturbance from 
the free electricity of the atmosphere in particular states of wea- 
ther, so that its working is very uncertain ; and although some 
modifications and improvements are made, this does not obviate 
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the objections. To prevent the needle from traversing too far, it 
is confined by pins on either side. On a recent occasion all the 
telegraphs throughout England were deflected for so long a period 
that business was wholly stopped. 

It is to be noticed, that the communication is carried through 
the instrument, which is a part of the chain of connection. At 
each station used, must be an instrument ; but where the corre- 
spondence is small, several instruments may be used with the same 
wires ; but of course two stations cannot be worked together, — 
one only can use the telegraph at a time. Where there is larger 
correspondence, separate wires and instruments are used for each 
station. An objection at present is that one instrument being dis- 
ordered, which is not unfrequently the case, the whole set suffer. 

Where several instruments are put on one set of wires, there is 
an advantage in sending a simultaneous message. Thus, in the 
case of the Queen's speech and proroguing Parliament next year, 
it may be simultaneously communicated to sixty stations by one 
clerk in Lothbury ; and we may conceive the period when a public 
functionary may simultaneously convey instantaneous instructions 
to a thousand subordinates, thus suipassing all that the printing- 
press has ever yet accomplished. Already, the superintendents of 
railways, seated in their London oflices, can give general instruc- 
tions every morning to their station-masters attending in the 
telegraph-rooms. For most of the purposes of the subscribers'- 
rooms, the whole system of telegraphs put in communication will 
allow of one message or list of prices or quotations being used for 
all, which is a great economy. Thus the price of shares at Man- 
chester, of cotton at Liverpool, of sugar in Mincing-lane, or of 
corn at Wakefield, will be simultaneously announced all over the 
country. 

The bell, or alarum, may be considered at present an essential 
part of the telegraph system. By setting the alarum in action, 
notice is given to the telegraph clerk that a message is going to 
be sent. We question, however, whether the belt will in the future 
be necessary at large telegraph stations, where clerks are on duty 
day and night, and the instruments, perhaps, in constant use. At 
present, the alarum may be set in action from the telegraph wire, 
or a separate wire may be used. The defect of the former plan is, 
that it the clerk, on finishing his message, does not leave his 
alarum in the circuit, the alarum cannot be set in action, and the 
only way to attract his attention is the chance of his seeing the 
needles working. As this contingency virtually neutralizes the 
use of the alarum, it is considered preferable to have a separate 
bell for the alarum. The alarum is a piece of clock-work, to be 
set in action by the connection or disconnection of two pieces of 
soft iron, formed into a horse-shoe magnet, and covered with a 
coil of fine copper wire insulated with silk or cotton. When this 
horse-shoe is magnetised, it attracts an armature of soft iron, 
which moves on an arbor, and lets loose a catch, which sets the 
clock-work in motion. Formerly, the magnet was made to act 
directly on the hammer of the bell. Lately, great improvements 
have been made in alarums by other inventors. 

The single needle telegraph is sometimes used for railway pur-‘ 
poses, where a limited number of signals is required ; but for all 
others, the double needle is used, and the difference in price is not 
sufficient to justify the use of a less effective instrument. As, 
however, in the case of the double needle instrument, accident 
may happen to one of the wires, the clerks are taught the use of 
the single needle signals, so that communications may still be 
carried on. This is the more necessary from the liability to 
disorder. We may observe, that in case of injury to a particu- 
lar line of wires, as that on the old Manchester and Bir- 
mingham Rail wav for instance, the communication with Man- 
chester could still be carried on by forming a circuit with Sheffield, 
Leeds, Liverpool, or any other or the places remaining in connec- 
tion with it and the metropolis. Unless all the wires round a town 
be disturbed, the communication cannot be stopped, so readily 
can a line of correspondence be formed ; and it is at present con- 
sidered of little importance to send a message round by any dis- 
tance, as no perceptible difference in speed or efficiency is found 
between a direct or a circuitous route in the transmission of elec- 
tric messages. Hitherto, all correspondence with Manchester has 
been sent circuitously by Rugby, and over the Midland Railway. 
In a political, and even in a commercial point of view, this fact is 
of some importance, as it guarantees the stability of this mode of 
communication. It is to be noted, however, that the Electric 
Telegraph Company have hitherto worked their messages by relays, 
and this is the case on the South Eastern, which argues some de- 
fects. The company's telegraph is a failure on the South Devon 
line, and in the Summit Tunnel on the Sheffield and Manchester 


railway. Nott and Gamble's telegraph has also failed in the Box 
Tunnel. 

The mode of transmitting messages by telegraph has already 
been subjected to revolutions. When the idea was put forward of 
spelling words, of course it was suggested that combinations might 
be formed of signals standing for words. This was not, however, 
then found to work well, and the competent author of the article 
on electric telegraphs, writing in u Weale's Pocket Book," in the 
end of the year 1846, says — “ This method has been fully tried, 
and has been relinquished only upon a conviction of the greater 
certainty and eventual quickness of the literal communication." 
At the present moment, the company are again working by sig- 
nals or words, and with great success, upon Mr. Whishaw's 
system. It will strike every one who has given his attention to 
the subject, that each subject relating to shipping, to the stock 
exchange, to produce markets — will have its own technical 
language, in tne cognate business of short-hand writing, called 
“ arbitraries," and for which signs may be used as they are in 
short-hand. The merit of Mr. Whishaw's system consists in 
its special application, while the failure of the previous at- 
tempts was in their generalization. All successful codes of sig- 
nals, or telegraph communications, have been special; and the 
same may be said of short-hand arbitraries. A law short-hand- 
writer will find constantly recurring — “ plaintiff, defendant, affi- 
davits, plea," and a number of other terms, which it would be a 
work of supererogation to write in full ; and so in each department ; 
but this has been left to systematization by the individual rather 
than made a work of science. Sea signals have been rendered very 
simple by their application to nautical purposes, though the at- 
tempts to apply them to more extended communications have 
failed. 

In Mr. Whishaw's system for the Electric Telegraph Company, a 
code of signals is applied to each class of communications. Thus there 
is a code for shipping intelligence, a code for racing, a code for share 
lists, a code for corn-market prices, and so forth. On the message 
being commenced, a signal is made what code is used, so that the 
clerk who receives the message is prepared for the nature of the 
signals. As the number of signals which can be made in a given 
time is limited, it is evidently of great importance to economise 
time by the adoption of arbitraries, instead of spelling every word, 
letter for letter. Indeed, if an expedient of this kind were not 
adopted, it would be impossible to carry on the correspondence 
between the great towns. As it is, it may be reasonably expected 
that business will so far increase on the organization of the sys- 
tem, as to require the adoption of more than one line of telegraphs 
between the metropolis and such towns as Manchester and Glas- 
gow. We may note here, that it will be curious to observe 
whether the number of telegraph messages will bear any corre- 
spondence with the number of post letters sent to each town. 
There can be no doubt, however, that to give accommodation to 
the public new companies will be formed, as in other branches of 
enterprise. 

On a message being delivered in writing at the telegraph office, 
it is “ translated” into telegraph language, transmitted by a tele- 
graph clerk, received by a telegraph clerk at the other end, re- 
translated there, and written out and given to a messenger for 
delivery. Each message is accompanied by preliminary signals, to 
call the attention of the clerk to be addressed, and to signify to 
him the nature of the message, and the code to be used. It may 
readily be conceived that it is of great assistance to the clerk to 
know the class of message he is going to receive, as he is thereby 
better prepared to understand its import. It is like a reporter in 
the gallery of the House of Commons understanding the speaker 
whom he is following, and which enables him more fully to catch 
and express his meaning, than if the subject were unfamiliar to 
him. In time, no doubt, the telegraph clerks will divide among 
themselves the labour of transmitting the several classes of intelli- 
gence, and this will have a tendency to ensure greater accuracy 
and rapidity. In order to obtain more accurate delivery of a 
message, the company offer, on the payment of an advanced 
price, to have it repeated, so that there may be a security for 
its being fully understood ; and this is necessary, as errors must be 
expected to creep in from frequent imperfection in the instru- 
ments, from unintentional error on the part of the sender, and 
from misinterpretation on the part ot the receiver. These 
kinds of messages will be peculiarly open to those “ equivoques,” 
now known as “errors of the press," in printing, where the 
insertion of one wrong letter alters the whole meaning of a 
word or sentence. We may be prepared, therefore, for letters 
addressed to the great censor of the age, headed, “ Shameful Mis- 
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management of the Electric Telegraph Company,” “Shameful 
Oppression,” “ Shameful Negligence,” “ Shameful Monopoly,” and 
so forth, in which the real or fictitious correspondents declare the 
dreadful sufferings to which they have been exposed by the errors 
and delays of the telegraph clerks — how “ owls * were^ordered for 
dinner, instead of “ fowls,” — “ pigeon” for “ widgeon,” “ veal ” for 
“ teal, “ cats ” for “ skates,” “ swipes ” for “ snipes,” and many 
sundry grievances, which could not be complained about hitherto, 
as there were no telegraph offices to be belaboured by the querulous, 
dissatisfied, and inconsiderate. The telegraph grievance will be a 
great safety-valve to the railways, for the former will so occupy the 
Times and Punch , as to leave no room for the last case of neglect 
by Mr. Hudson, or the last instance of being five minutes behind 
time on the Eastern Counties. When telegraphs come to be 
abused as well as railways, it will be a sign that they have done 
some service, and have merited well of the public. 

The lowest charge for the delivery of a message at present is 
half-a-crown, for which thirty words are sent thirty miles — though 
it is to be hoped for the public accommodation that the prices will 
be reduced. The charge increases, of course, in the double ratio 
of the number of words and number of miles. In many cases, the 
charge will not be greatly above that which was made a few years 
ago for general post letters for mercantile purposes ; and, indeed, 
merchants will have been relieved from the charge of postage, 
to give them a revenue for telegraph purposes. If there are any 
who doubt that the mercantile classes will be ready to avail them- 
selves of the telegraph, they should be put in mind of the large 
sums formerly disbursed for postage, and, indeed, of the large sums 
still disbursed for Indian and foreign postage. 

The Electric Telegraph Company, as a matter of necessity, give 
notice, that they do not hold themselves responsible for the speed 
with which the messages are transmitted, nor for delay caused by 
the state of the weather or apparatus. At present, the state of 
the weather often affects the rate of working of the machines, 
and sometimes to a serious extent. 

The rate at which messages can be transmitted is rather lower 
than might be anticipated, and this arises from using the needle 
telegraph. It is found that about six words a minute is as much 
as can be practically telegraphed at present, the words being 
spelled literally. The last Queens Speech was sent seven words 
a-minute. By using the codes, longer messages can of course be 
sent. The number of words which can be written by short-hand 
in a minute is seventy ; the number of words which can be read 
rapidly in one minute is 280. The number of characters passed by 
Professor Morse is 117 as a maximum, 99 as an average. We mav 
be prepared for the much greater rapidity of the electric telegraph 
in other hands. Mr. Bain promises, in the course of time, 1,000 
characters : but the present rate of speed is ample for all present 
purposes, though we have that faith in the extension of telegraph 
business, that we believe it must be shortly increased. By using 
well-trained clerks at the chief stations, and by frequently reliev- 
ing them, the utmost use will be made of the telegraphs ; and they 
are likely to be worked night and day. For many classes of cor- 
respondence, all the words must be spelled, and no arbitraries or 
codes can be used ; but still a large mass of correspondence will 
admit of profitable abridgment. Professor Morse, and many tele- 
graphers, undertake to do a much greater number of words than 
those assigned by us as the present rate in England ; but what one 
individual can do in an isolated case, is very different from the 
working of a miscellaneous correspondence, through a public office. 

That the undertaking will turn out productive, we have no 
manner of doubt, because, in manv cases, the company have not 
the property of the lines, which belong to the railways, but work 
them at a toll, while the revenue to be received must be very 
great. A line between two principal stations will yield five thou- 
sand a-year ; and as the outgoings are chiefly in clerks, it will be 
seen that there must be a large surplus to pay the wear and tear 
of instruments, the cost of management and superintendence ; and 
after yielding a toll to the railway companies, afford a very hand- 
some return to the Electric Telegraph Company for all the capital 
they may be called upon to employ. They enjoy, too, the advan- 
tage of a ready-money business. A thousand a-year would, how- 
ever, yield a dividend. At present the company have not wires 
enough for the public business, and great complaints are made of 
the delay. 

The length of line laid down by the Electric Telegraph Company, 
or in progress, is now, we believe, about 2,000 miles ; and the fol- 
lowing is a list of telegraphs, with the date when laid down, and 
the length of line, though the materials from which we have com- 
piled it are imperfect. It will, however, in some degree, serve to 
show the progress of the system : — 





Miles 

1839 Great Western 

... London to Slough 

19 

1842 Blackwall 

... 

5 

1844 Yarmouth and Norwich 


20 

1845 

South-Western 

... London to Southamp- 




ton 

99 

n 

Eastern Counties 

... Colchester line 

51 

95 

99 

... Cambridge do. 

88 

9' 

99 

... Hertford branch do. 

7 

91 

99 

... Ely and Peterborough 

29 

99 

95 ••• 

... Thames Junction 

3 

59 

South-Eastern 

... London to Dover 

88 

59 

99 ••• 

... Ramsgate line 

30 

59 

99 

... Margate do. 

4 

99 

99 ••• 

... Maidstone do. 

10 

1846 

99 

... Tunbridge and Tun- 




bridge Wells 

6 

91 

55 

. . . Bricklayers* Arms line 

6 

1847 

,, ... ... 

... Deal do. 

9 

1845 Norfolk Railway 

... Norwich and Brandon 

38 

1847 

99 ••• 

... Lowestoft line 

10 

59 

99 ••• 

... Dereham do. 

13 

1846 

Midland Counties 

... Rugby and Derby 

49 

51 

99 

... Birmingham & Derby 

41 

59 

99 

... Derby to Normanton 

73 

99 

59 

... Nottingham and Lin- 




coln 

41 

99 

99 ••• 

... Sheffield line 

5 

99 

York and North-Midland 

... 

23 

99 

Hull and &elby 

... York & Scarborough 

43 

95 

... 

40 

95 

York and Newcastle ... 

... 

84 

99 

51 

... Durham line 

2 

55 

51 

... Sunderland do. 

5 

99 

99 **• 

... Shields do. 

8 

99 

_ . . 95 _ _ 

... Richmond do. 

9 


n 99 Kicnmona ao. » 

1845 Sheffield and Manchester ... Summit Tunnel 3 

1846 South Devon 20 

1845 London, Brighton, and South T , , ~ , 

Coast ... London and Croydon 8 


1846 Preston and W yre 

Preston & Fleetwood 

20 

99 

Eastern Union 


17 

95 

London and North-Western... 

Wolverton and Peter- 




borough 

57 

1847 Midland 

Syston and Peterboro* 

40 

99 

Leeds and Bradford 


15 

59 

Manchester and Leeds 


61 

5' 

York and North-Midland 

Hull and Burlington 

27 

99 

Newcastle and Berwick 


60 

99 

South Devon Extension 


27 

11 

London and North-Western... 

London and Rugby 

82* 

91 

51 

Rugby to Newton 

lllf 

91 

95 

Liverpool and Man- 




chester 

31* 

59 

99 ••• 

Crewe to Chester 

30| 

91 

Southampton and Dorchester... 


60 


„ Midland Bristol & Birmingham 90^ 

„ Edinburgh and Glasgow ... 46 

The length or line laid down previously to 1845, was not more 
than 45 ; in that year, about 500 miles ; in 1846, 600 miles ; and in 
1847, 1,100 miles. The total done and in hand is above 2,300 
miles. 

The towns to which communication will be made are above 
sixty, including London, Manchester, Glasgow, Liverpool, Edin- 
burgh, Leeds, Sheffield, Birmingham, Bristol, Newcastle, Hull, 
Wolverhampton, Wakefield, Derby, Leicester, Norwich, Notting- 
ham, Portsmouth. Northampton, Bradford, Coventry, Dover, 
Canterbury. Halifax, Rochdale, Maidstone, Southampton, Glou- 
cester, Cheltenham, Yarmouth, Cambridge, Colchester, Ipswich, 
York, Darlington, Margate, Stafford, Barnsley, Hertford, Rams- 

f ate, Deal, Folkestone, Rotherham, Tunbridge, Winchester, 
Dorchester, Peterborough, Huntingdon, Chesterfield, Wisbeach, 
Lowestoff, Chelmsford, Berwick. Scarborough, Burlington, Stam- 
ford, and St. Ives. With Bristol, the communication is circuitous 
round by Birmingham and Gloucester, as the Great- Western, 
although first in the field with the Slough line, have neglected to 
apply the telegraph throughout, which seems to arise from dis- 
satisfaction with the needle telegraph, for they have allowed par- 
tial applications of two other systems. Every town in the country 
having above one hundred thousand people, is brought into com- 
munication with the metropolis ; and the only great towns still 
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unsupplied are Plymouth, Chatham, Preston, Exeter, Bath, 
Brighton, and Oxford. • The number of shire towns brought into 
connection is near thirty ; all the chief seaports and seats of 
manufactures, and several watering-places. 

Besides the places already enumerated, many considerable towns 
can be served, being already placed on the line of telegraph, as 
Worcester, Sunderland, Stockport, Kingston, Lichfield, Tunbridge 
Wells. Poole, Croydon, Watford, Maldon, Droitwich, Thetford, 
Beverley, Braintree, Ashford, Newark, Alnwick, Dunbar, Lough- 
borough, Crewe, Wolverton, Leighton Buzzard, Driffield, Reigate, 
Romford, Bishops Stortford, Thirsk, Northallerton, Market Weigh- 
ton, &c. In fact, within a very short period, the company will be 
able to supply the prices of above a hundred market towns, if 
wires enougn are laid down. 

In the United States, New York, Philadelphia, Boston, Balti- 
more, Washington, Albany, Newhaven, and Hartford, have the 
means of intercommunication, and a line of a thousand miles long 
runs to Quebec. 

With regard to submarine telegraphs their practicability is indis- 
putable. The great essay will be the line between Dover and Calais, 
when the two great cities of western Europe will have instant 
parley. Already the money markets of the two sympathise, the 
capitalists of the two cities are bound up with each other, and it is 
to be hoped these ties will be drawn closer, and the peace of the 
two great nations be maintained. A continuous line between 
London and Vienna is talked off as in progress ; at any rate, we 
shall soon have, by a telegraphic communication with Marseilles or 
Trieste, the means of abridging our East Indian correspondence. 
The value of such correspondence to the London houses engaged 
in East India business and expecting remittances would have been 
very great during the late crisis. 

If the steamboat threatens us with greater hazard of invasion 
during any future war, the telegraph comes in ^ood time to coun- 
teract any unfavourable influence, by giving us instant intelligence 
of any danger to our coasts, and allowing of immediate, and as it 
may be called, personal communication between the statesmen of 
England and France, so as to allow negociations for peace to be 
carried on with more rapidity than by mean of envoys. 

To the Admiralty the electric telegraph offers the means of 
superseding the cumbrous semaphore, ana of rapid intercourse with 
the naval stations. We consider the Admiralty greatly blameable 
in not having sooner availed themselves of the system, after the 
success of the Slough experiment. As it is, they have only a line 
to Gosport. There is none to Plymouth, Chatham, Sheerness, 
or Milford. We do not see why a submarine telegraph should not 
be carried out to the anchorage at Spithead, so as to allow of 
readier correspondence with the admiral or officers afloat. It is 
no testimony in favour of government management in England and 
France that the clumsy semaphores, useless at night and in a fog, 
and useable only for a fifth of the year, should have been so long 
persisted in ; but we entertain no doubt that so soon as the electric 
telegraph system is fully applied for public service, the govern- 
ments will become candidates for taking its control into their own 
hands, or for interfering with it as they have with the railways. 

A submarine telegraph which will be of great use will be between 
England and Ireland, and nothing but the want of energy of the 
government prevents them from applying it in the present crisis, 
when it will be a means of economising money, and most probably 
of saving human life. Such a telegraph is properly a government 
experiment, and not a commercial experiment ; and for that reason 
it is not likely to be done until it cannot be put off any longer, and 
when done to be badly done. 

It is to be remembered that the telegraphic establishment will 
be a new post-office, operating almost instantaneously, and with 
this advantage — that instead of the whole business being restricted 
to one fixed time, or to two fixed times, communication will be 
made at the moment desired by day or ni^ht. The way in which 
such an establishment must operate on society must be most bene- 
ficial. All those interested in markets, whether belonging to the 
agricultural interest or the mercantile interest, will, in every part 
of the kingdom, wherever they may be, know the state of all the 
markets open within a few minutes of operations being effected, 
while they will have the means of making purchases or sales hun- 
dreds of miles off, whereby transactions wul be much quickened, 
and a general and uniform rate of prices will be established through- 
out the country. The charge for subscription is only two guineas 
yearly, and the subscriber, wherever he may be, has admission 
to the subscription rooms, in which are posted the shipping 
lists, the share lists from the London and provincial share ex- 
changes, the prices current, the prices of corn, live stock, and pro- 
duce, and every event of public or mercantile interest. No one con- 


cerned in any business can well avoid this payment, for it will in 
the end become de facto a tax, for no one will dare to be placed 
under a disadvantage to his neighbour. It will be as common as 
to read the newspapers. 

It will readily be seen that even the man of pleasure cannot 
escape contributing to the revenues of the telegraph company, for 
political intelligence and sporting intelligence will be recorded, 
and wherever he may wander he will always have access to in- 
formation. On goinjgr into the telegragh station he will see the state 
of bets atTattersall s, and regulate his own proceedings accordingly, 
or learn who is the winner at Epsom or Newmarket. During the 
late general election, had the system been in full work, intelligence 
would have been sent of the state of the poll from sixty boroughs 
and thirty places of county elections, which are now telegraph 
stations. A parliamentary division will be known within a few 
minutes all over the country, and the faction which triumphs or 
which falls at St. Stephen s will within a brief period be brought 
under the comment of thousands of its supporters or opponents. 
Now the divisions are telegraphed to Liverpool and Manchester, 
and posted in the rooms. 

The sending of private messages must be most various in its in- 
fluence, and the effect of time and experience only can enable its 
bearing to be fully appreciated. New modes of doing business will 
spring up, new branches of business will be created, some perhaps 
be superseded, but that the result will be beneficial on the whole 
no reasoning man can doubt. Whoever has a sick relative at a 
distance, in the hourly peril of death, with life quivering on a 
breath, in all the agony of hope and fear, will know the value of an 
establishment which can give him frequent and immediate intelli- 
gence of the state of one whom he holds dear. After this example 
it is of little moment to picture the many ways in which personal 
interest will seek gratification in a correspondence which extends 
the power of wealth and enterprise, and widens their sphere of ac- 
tion. A Rothschild, a Goldsmid, or a Baring, may rule by agents 
in London, in Paris, in Madrid, and in Lisbon at once ; but hence- 
forth their most distant affairs will be under their own guidance, 
and their personal influence will be made to act in cities they have 
never entered, and with men they have never seen. The confiden- 
tial agent or the junior partner will be a zero, and the means of 
safely conducting an available operation will no longer be limited 
by the necessity of intrusting it to a subordinate. Indeed it is im- 
possible to contemplate, without excitement, the new world which 
is as it were opening before us, and to which the effects of railway 
and steamship intercourse, great as they are, are as nothing. 

To the press the electric telegraph will be a new arm of power : 
the money which is now spent in horses and expresses will be ap- 
propriated in a large proportion to keeping up a greater number of 
agents and correspondence. It may appear at first sight that the 
telegraph rooms by affording so much intelligence will he curtailing 
the sphere of the newspapers, but they will only be interfering 
with them in some departments to give them greater facilities in 
others. The Electric Telegraph Company may announce that the 
mail steamer has brought to Liverpool the American president's 
speech, and its purport, bnt the special edition of the Times must 
give its words sent up by telegraph. Country meetings of im- 
portance will be sent up by telegraph, and it is not impossible that 
before long such arrangements may be made as to allow of the re- 
porter 8 notes being used for telegraphic transmission. The differ- 
ence in the number of si^ns between long-hand and short-hand 
(discarding most of the arbitraries), is as 275 to 170, or nearly as 5 
to 3 ; this gives a saving in favour of short-hand of two-thirds, and 
allows five hours' work to be done in three, for it is to be observed 
in telegraphic communication, the great object is to economise the 
time used at the telegraph. The short-hand system was tried on 
the South-Western and found to answer. 

It seems by no means improbable that an influence will be ex- 
erted on the jurisprudence and police of the country by the tele- 
graph system. Perhaps we ought to say that it has already done 
so. The arrest of Tawell, the quaker, for murder, and the arrest 
of so many other criminals has given a greater efficiency to the 
law ; the respite and afterwards execution of the convict at Maid- 
stone, show the ready means of communication with the central 
authorities. But though a telegraphic message may be a sufficient 
authority to arrest for felony, it wul be necessary to provide some 
new process to make this establishment available in cases of mis- 
demeanour. and in the end it is likely to be applied in civil cases, 
in which already it is calculated to quicken many stages of pro- 
ceeding. It may hereafter not be uncommon to have a witness at 
Edinburgh examined by telegraph during a trial at Westminster 
Hall, ana other evidence be sought for five hundred miles off. It 
may cease to be necessary to bring up a prisoner to the superior 
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courts on ordinary applications, when a correspondence may be 
made with him at any distance. 

As a means of railway administration the electric telegraph has 
proved its efficacy, and it is impossible to conduct single lines pro- 
perly without it. Already the convenience to passengers has been 
very great, and that to the companies cannot be undervalued. It 
extends the supervision of the central authorities, and allows the 
most effective action to take place on every emergency, whether of 
accident or otherwise. Lately, some half-dozen gentlemen were on 
business at a minor station on the Eastern Counties line, and being 
desirous of proceeding early to Cambridge, they made application 
to stop the next train, which would otherwise have passed the sta- 
tion. The message was passed to the superintendent at Shoreditch, 
leave granted, and within half an hour the gentlemen were on their 
way to Cambridge, where it was of great importance they should 
arrive early. A lesser case, which happened on the South Eastern 
a month or two ago, may he worth notice. An old woman proceed- 
ing from Minster to Tunbridge, or some intermediate station, after 
paying her second-class fare, in her hurry left her money on the 
counter. On arriving at Canterbury she found out her loss and 
wished to return to Minster, but the superintendent persuaded her 
to go on, in the hope that she might be able to learn something of 
it at Ashford. On her arrival there she was told that the money 
had been found on the counter at Minster to the amount she de- 
scribed, and at the next station the sum was handed to her ; but 
though glad to receive the money, she could not repress her fears 
that the railway officers to whom she was indebted had dealings 
with the powers of evil. In the United States it is said that a 
marriage was contracted by railway between two parties hundreds 
of miles apart. Under the law of Scotland a telegraph marriage 
might, we believe, legally take place. Telegraph clerks are some- 
times however able to help themselves, and a case lately occurred 
of a superintendent, having to convey to a branch hank notice of 
stoppage, drawing out his own balance before he delivered the no- 
tice. 

In the progress of such an invention, and in its greater economy, 
its application must he very extensive. In the last session a tele- 
graph was worked between the House of Commons and the com- 
mittee rooms, and it is evident that it can he usefully employed in 
large offices and factories, where in time the telegraph wire will he 
as extended as the bellwire. The greater the extension the greater 
the prospect of improvement and economy to the public, and we 
can only wish, though we scarcely hope, that a system so valuable 
will be received in a favourable spirit on the part of the public, 
and meet with a greater degree of encouragement than is usually 
afforded to new inventions. 


ON THE LAP AND LEAD OF THE SLIDE VALVE. 

The slide valve is that part of a steam engine which causes the 
motion of the piston to he reciprocating. It is made to slide upon 
a smooth surface, called the cylinder face, in which there are three 
openings to as many pipes or passages : two for the admission 
of steam to the cylinder, above and below the piston, alternately ; 
while the use of the third is to convey away the waste steam. The 
first two are, therefore, termed the induction or steam ports, and 
the remaining one the eduction or exhaustion port. 

The slide is enclosed in a steam-tight case, called the slide- 
jacket ; and motion is communicated to it by means of a rod work- 
ing through a stuffing-box. 

The steam from the boiler first enters the jacket, and thence 
passes into the cylinder, through either steam port, according to 
the position of the slide, which is so contrived that steam cannot 
pass from the jacket to the cylinder through both steam ports at 
the same time, or through the eduction port at any time. 

Case 1. — When a Slide has neither Lead ob Lap. 

Fig. 1 represents the cylinder face for a “ Murray slide” without 
lap ; a and b being the induction ports, and c the eduction. 

Figs. 2, 3, and 4, are similar sections of the nosle, showing the 
slide in its central and two extreme positions. It occupies the 
mid-position, fig. 2, when the piston is at either extremity of its 
stroke ; the extreme position, fig. 3, when the piston is at half- 
stroke in its descent ; and that shown in fig. 4, when the piston is 
at half-stroke in its ascent. 

When a slide has no lap, the width of its facing, at/ and g (fig. 


2), equals that of the steam ports ; the lap being any additional 
width whereby those ports are overlapped. 



Fig, 1. Fig. 2. Fig. 8. Fig, 4. 

That the waste steam may have unobstructed egress, the exhaus- 
tion port c must he made of no less width than the steam ports ; 
and, for the same reason, the bars d and e should correspond with 
the slide face at f and g. The three ports, together with the bars 
between and beyond them, are therefore drawn of equal width ; 
the total length of the slide being equal to the distance between 
the steam sides of the steam ports. 

The distance through which the slide moves, in passing from one 
extreme position to the other, is called its travel ; which, in this 
case, equals twice the port. 

When the motion of a slide is produced by means of an eccen- 
tric, keyed to the crank shaft and revolving with it, the relative 
positions of the piston and slide depend upon the relative positions 
of the crank ana eccentric. 


Demonstration . 

Let a 6, diagram 1, represent the 
crank ; then b being the crank- 
pin, and a the centre of motion, 
the larger circle represents the 
orbit of the crank, and its diame- 
ter b c the stroke of the piston. 
Supposing the cylinder to be an 
upright one, having the crank- 
shaft immediately above or below 
it, the connection between the 
piston-rod and crank being merely 
a connecting-rod, without the in- 
tervention of a beam, it is evident 
that when the position of the crank 
is a 6, the piston will be at the top of the cylinder, and at the bot- 
tom when its position is a c. The relative positions of the crank 
and piston, at any point of the stroke between the two extremes, 
depend upon the length of the connecting-rod : for the present, 
however, let us suppose the connecting-rod to be of infinite length, 
and therefore always acting upon the crank in parallel lines, so 
that when the crank is at d, e will be the apparent position of the 
piston, and / the same when the crank is at g ; the piston being 
represented by the sine of the arc described by the crank from 
either of the points b and c, in the direction of the arrow. 

The diameter h i, of the inner circle of the diagram, represents 
the travel of the slide, and its radius the eccentricity of the eccen- 
tric; or, regarding the eccentric as a crank, the radius may be said 
to represent that cranky as ab represents the main crank. The 
travel of a slide, without lap, being equal to twice the port, the 
two steam ports are represented by the spaces a h and a i, but 
transposed, ai being the passage to the top of the cylinder, and ah 
that to the bottom. 

Supposing the piston to be at b (the top of the cylinder), the 
position of the slide will be that shown in fig. 2, the direction of 
its motion being downward, so that the port a (same figure), or a i 
in the diagram, may be gradually opened for the admission of steam 
above the piston, until the piston has arrived at half-stroke, when 
it will be fully open, as shown in fig. 3. The direction of the 
slide's motion is then reversed, so that when the piston has com- 
pleted its descent, the port 6, figs. 1 to 4, or a A in the diagram* 
will begin to open for the admission of steam beneath it, and ex- 
naustion will commence from above it through the port a, or a i. 
and exhaustion port c, the slide being again brought into its central 
position, fig. 2. 

Now the slide being at half-stroke, when the piston is at either 
extremity of its stroke, if we make a b the position of the crank, 
ak will be that of the eccentric ; and the axis of the crank being 
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likewise that of the eccentric, they must necessarily revolve in 
eaual times, and always at the same distance apart; therefore, 
when the crank has reached the point d (supposing it to move in 
the direction of the arrow) the eccentric will have advanced to /, 
and e d and / m represent the positions of the piston and slide re- 
spectively ; showing, that when the piston has descended to e, the 
steam port a i in the diagram, or a figs. 1 to 4, will be open to the 
extent a m. Again, — when the crank is at n, and the piston conse- 
quently at half-stroke, a i will be the position of the eccentric, the 
port a i being fully open, and the slide occupying the extreme posi- 
tion shown in fig. 3. The direction of the slide's motion is now 
reversed, and the port is again gradually covered by the slide face 
until the positions of the crank and eccentric are a c and a o, when 
the piston will have completed its descent, and the port a t will be 
completely closed, the slide being again brought into its central 
position, fig. 2. The opposite steam port a h now begins to open 
for the admission of steam, and the direction of the piston's motion 
is reversed ; the port continues to open until the crank and eccen- 
tric reach the points p and h, when the piston will again be at half- 
stroke, and the slide in its extreme position, fig. 4. Meanwhile, 
exhaustion from above the piston has been taking place, to the same 
extent, through the port at. Finally, — the piston having com- 
pleted its ascent, the slide again occupies its original position, fig. 2, 
and, its course being downward, steam is again admitted into the 
cylinder, through the port a ; the piston then begins to descend, 
and, at the same instant, exhaustion ceases from above, and com- 
mences from below it, through the port b. 

It is sometimes urged against the use of the eccentric, as a means 
of actuating the slide, that the steam ports are opened and closed 
too slowly ; but it must be remembered that the piston does not 
move at a uniform velocity, as the crank does ; for example, while 
the crank describes the arc b d, the piston descends only from b to 
e, the versed sine of that arc ; and its velocity is gradually increaed 
as it approaches the middle of its stroke, where it is greatest, 
being equal to that of the crank. Again, — as the piston approaches 
the end of its stroke, its velocity is diminished in the same ratio as 
that in which it had previously increased, until the completion ot 
its stroke, where it remains stationary during the small space of 
time in which the direction of its motion is reversed. 

Now, it must be obvious that less steam is required to impel the 
piston at a slow rate than at a rapid one ; and a glance at diagram 1 
shows that the steam admitted into the cylinder, when the slide is 
actuated by an eccentric, is at all times proportioned to the velocity 
of the piston, the port being least open when the piston is near the 
end of its stroke, and fully open when it is at halt-stroke. 

When an eccentric, instead of being set, as in the preceding case, 
so that the steam port shall only begin to open when the piston 
commences its stroke, is so placed that the port shall be open to 
some extent prior to the commencement ot the stroke, the width 
of that opening is termed 

The Lead. 

The non-use of lead is disadvantageous, chiefly because at the 
commencement of every stroke, the steam has to contend with the 
whole force of that which had impelled the piston during its pre- 
vious stroke. But, besides obviating that disadvantage, the lead 
is of essential service in locomotive engines, u where it is found 
necessary^to let the steam on to the opposite side of the piston 
before the end of its stroke, in order to bring it up gradually to a 
stop, and diminish the violent jerk that is caused by its motion 
being changed so very rapidly as five times in a second. The steam 
let into the end of a cylinder before the piston arrives at it, acts 
as a spring cushion to assist in changing its motion ; and if it were 
not applied, the piston could not be kept tight upon the piston- 
rod." — Description of Stephensons Locomotive Engine , “ Tredgold ." 


Case 2. — When a Slide has Lead without Lap. 

Diagram 2 . Let a b, diagram 2, represent the 

stroke of the piston ; c d tne travel of 
the slide ; ana e f the lead ; then, sup- 
posing the piston to be at the top of 
the cylinder, e a is the position of the 
crank, and eg that of the eccentric. 
Following the course of the crank, in 
the direction of the arrow, we find 
the port c d fully open, not, as in the 
former case, when the piston is at 
half-stroke, but when it has descended 
to the point h, — the arc a i, described 
by the crank, being equal to the arc gd, 
described by the eccentric. Again,- — 
we find the port re-closed when the 
pirton has descended to at which point exhaustion commences 



from above the piston through e d, and steam enters below it through 
e c, for the return stroke, at the commencement of which the port 
ec is open to the extent cl (equal toe/) for the admission of 
steam, while e d is open to the same extent for exhaustion. 

It is to be remarked, that the amount of lead is necessarily very 
limited in practice, its tendency being to arrest the progress of the 
piston before the completion of its stroke. The greatest possible 
amount of lead equals half the travel of the slide. The eccentric 
would in that case be set diametrically opposite to its first position, 
which would have the effect of reversing the direction of the pis- 
ton's motion. 

In the case of a slide having lead without lap, the distance of a 
piston from the end of its stroxe, when the lead produces its effect, 
is proportional to the lead as the versed sine of an arc is to its 
sine, supposing the radii of the crank and eccentric to be equal. 

Demonstration . 

Let a bj diagram 3, represent both the 
travel of the slide and the piston's 
stroke; then ca and cb represent the 
steam ports. And let c d represent the 
lead; then ca and ce represent the 
crank and eccentric, the piston being at 
the top of the cylinder. Now, steam 
will enter the cylinder, below the piston, 
when the eccentric is at/ and the crank 
at g; for the arcs a eg, and ebf are 
equal. Again, — the arc g b is equal to 
h e ; therefore, ig is equal to k e , and * 6 
to k h . Now, k e is the sine of the arc h e , and k h (equal to t b) is 
its versed sine : hence 


Diagram S. 


a 



Rule 1 . — To find the distance of the piston from the end of its 
stroke , when the lead produces its effect : — 

Divide the lead by the width of the steam port, both in inches, 
and call the quotient sine ; multiply its corresponding versed sine, 
found in the table, by half the stroke, and the product will be the 
distance of the piston from the end of its stroke, when steam is 
admitted for the return stroke, and exhaustion commences. Or, 

Rule II. — To find the lead, the distance of the piston from the end 
of its stroke being given : — 

Divide the distance in inches by half the stroke in inches, and 
call the quotient versed sine ; multiply its corresponding sine by 
the width of steam port, and the product will be tne lead. 

Example 1. — The stroke of a piston is 48 inches ; width of steam 
port 2^ inches ; and lead 4 inch : required the distance of the pis- 
ton from the end of its stroke, when exhaustion commences. 

Here, *5 -f- 2*5 = = sine ; and versed sine of sine *2 = *0202. 

Then, -0202 X 24 = *4848 inches. 

Example 2. — The stroke of a piston is 48 inches ; width of steam 
port 2*5 inches ; and distance of piston from the end of its stroke, 
when exhaustion commences, *4848 inches : required the lead. 

Here, *4848 -J- 24 — *0202 = versed sine ; 
and sine of versed sine *0202 = *2. 

Then, *2 X 2*5 = *5 = lead. 

When the lead of a slide is equal to the width of steam port 
multiplied by any number in the first column of the following 
table, the distance of the piston from the end of its stroke, when 
steam is admitted on the exhaust-side, will be equal to half the 
stroke multiplied by the corresponding number of the second 
column. Or, if the distance of the piston from the end of its 
stroke, when steam is admitted on the exhaust-side, be equal to 
half the stroke multiplied by any number in the second column, 
the width of steam port multiplied by the corresponding number 
of the first column equals the lead. 
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The Lap. 

A slide is said to have lap when the width of its face is greater 
than that of the steam ports, the ports being thereby overlapped, 

116 It is^be remarked that slides should have some degree of lap 
on both the steam and exhaustion sides of the passage, because, 
although in theory an aperture may be said to be completely closed 
when covered by a bar of similar width, yet, in the construction of 
a slide without lap, we cannot insure such accuracy of Jit as to 
preclude the possibility of steam entering or leaving both steam 
ports at the same time. .... ~ 

Lap on the steam side has the effect of cutting off the steam 
from the cylinder, by closing the port before the completion of the 
stroke, the remainder of the stroke being effected by the expansion 
of the steam already admitted. 

Demonstration . 

Case 3.— When a Slide has Lap on the Steam side, 
without Lead. 

Let a b and b c, diagram 4, represent the lap at both ends of the 
slide ; and let ad and c e represent the two steam ports ; then de 
will represent the travel of the slide, which, in this case, equals 
twice the steam port, plus twice the lap. 

Diagram 4. 



Supposing d e also to represent the stroke of the piston, and that 
the piston is on the top stroke, then bd and bf are the respective 
positions of the crank and eccentric; for the slide, instead of occu- 
pying its central position, when the piston is at the end of its 
stroke (as in Case 1), must be set in advance of that position to 
the extent of the lap, that steam may enter the cylinder when the 
piston begins to move. (See fig. 5.) 







Fig. 5. Fig. 6. Fig. 7. Fig. 8. Fig. 9. 

When the eccentric has advanced from f to e, the crank will 
have reached the point g ; the piston is therefore at a when the 
port c e is fully open, the slide being then in the position fig. 6, 


Again, — when the eccentric has reached the point 5, the port c e 
wul be re-closed (fig. 5), and i will be the position of the piston ; 
therefore, the distance of the piston from the end of its stroke, 
when the steam is cut off, is proportioned to the whole stroke, as 
ie is to de. 

When the eccentric arrives at k, the slide will occupy its central 
position (fig. 7), and the piston will be at m, where exhaustion 
commences from above it ; but steam is not admitted below it, for 
the return stroke, until the eccentric has reached the point n, 
where the port a d begins to open, the position of the slide at that 
moment being that shown in fig. 8. 

When the eccentric arrives at d, the port will be fully open, the 
slide being then in its extreme position, fig. 9 ; and it will be re- 
closed when the eccentric arrives at and the piston at p, where 
the steam is cut off, the position of the slide being again that shown 
in fig. 8. Again, — when the eccentric reaches the point r, exhaus- 
tion ceases from above the piston, which is then at s , and com- 
mences from below it, the slide being then in its central position, 
fig. 7, and moving downward. Finally, — the crank having arrived 
at d, and the eccentric at /, the piston will have completed its 
ascent, and the slide will occupy the position fig. 5, as at starting. 

The steam was shown to be cut off when the piston had de- 
scended from d to i, the crank having described the arc dg u, and 
the eccentric the arc / eh. Now, dt is the versed sine of dgu, and 
ec is the versed sine of half f eh; and dgu and fe h are equal 
arcs. Hence 

Rule III. — To find at what part qf the stroke steam will be cut off 
with a given amount of lap : — 

Divide the width of steam port, by itself, plus the lap, and call 
the quotient versed sine. Find its corresponding arc in degrees 
and minutes, and call it arc the first. If arc the first be less than 
45 degrees, multiply the versed sine of twice that arc by half the 
stroke in inches, and the product will be the distance of the piston 
from the commencement of its stroke, when the steam is cut off. 

If arc the first exceed 45 degrees, multiply the versed sine of 
the difference between double that arc and 180 degrees by half the 
stroke, and the product will be the distance of the piston from the 
end of its stroke when the steam is cut off. 

Rule IV.— To find the amount of lap necessary to cut off the steam 
at any given part of the stroke : — 

If it be required to cut off the steam before half-stroke, divide 
the distance the piston moves before steam is cut off, by half the 
stroke, and call the quotient versed sine. Find the arc of that 
versed sine, and also the versed sine of half that arc. Divide the 
difference between the versed sine last found and unity, by the 
versed sine, and multiply the width of steam port by the quotient ; 
the product will be the lap. 

If it be required to cut off the steam at a point beyond half- 
stroke, divide the distance of the piston from the end of its stroke, 
when steam is cut off, by half the length of stroke ; call the quo- 
tient versed sine ; find its corresponding arc, and subtract it from 
180 degrees. Find the versed sine of half the remainder, and sub- 
tract it from unity. Divide the remainder by the versed sine, and 
multiply the widtn of the steam port by the quotient; the product 
will be the lap. 

Example 3. — The stroke of a piston is 36 inches; width of steam 
port l£ inch ; and lap 6 inches : required the point of the stroke 
at which steam will be cut off. 

Here 1-5 + 6 = 7*5 ; and 1*5 -r 7*5 = *2 = versed sine ; 

arc of versed sine *2 = 36 ? 52' (arc the first) ; 

and 36° 52' X *2 = 73° 44' = arc of versed sine, *7198. 
Then *7198 x 18 = 12*95 inches = distance of the piston from 
the commencement of its stroke when the steam is cut off. 

Example 4. — The stroke of a piston is 36 inches ; width of steam 
port l£ inch ; and extent of lap l£ inch : required the point of the 
stroke at which steam is cut on. 

Here 1*5 + 1*25 = 2*75; and 1*5 -r 2*75 = *5454 = versed sine 
of arc 62° 58' (arc the first). 

Then 62° 58' X 8 ” 125° 56'; and 180° - 125° 56' = 54° 4' = arc 
of versed sine, *4131 ; *4131 X 16 = 7*43 inches = distance of 

the piston from the end of its stroke when the steam is cut off. 

Example 5. — The stroke of a piston is 36 inches ; width of steam 
port 1*3 inches ; and distance of the piston from the commence- 
ment of its stroke, when the steam is cut off, 12*95 inches: required 
tl*e lap. 

Here 12*95 -f- 18 = *7198 =r versed sine of arc 73° 44'; 

73° 44' -f- 2 = 36° 52' = arc of versed sine *2. 

Then 1 — *2 = *8 ; and *8 -f- 2 = 4 ; l*5x 4=6 inches = lap. 
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Example 6. — The stroke of a piston is 36 inches ; width of steam 
port 1*5 inches ; and distance oi piston from the end of its stroke, 
when steam is to be cut off, 7*43 inches : required the lap. 

Heie 7*43 — 18 = *4131 = versed sine of arc 54° 4'. 

Then 180° - 54° 4' = 125° 56' ; and 125° 56' 4- 2 = 62° 58' = 
arc of versed sine *5454. 

1 — *5454 - *4546 ; and *4546 4- *5454 = *8335 ; 

*8335 X 1‘5 = 1*25 inches = lap. 

Exhaustion was shown to commence when the piston was at m in 
its descent, and at 8 in its ascent ; l and t being the corresponding 
positions of the crank at those times. Now d and/ were the re- 
spective starting points of the crank and eccentric ; and the arc 
d g /, described by the crank, is equal to the arc fek y described by 
the eccentric. Therefore, r f and e l are equal arcs. Hence, 

To find the distance of the piston from the end of its stroke 
when exhaustion commences, subtract arc the first (found by Rule 
III.) from 90 degrees, and multiply the versed sine of the re- 
mainder by half the stroke. The product will be the distance re- 
quired. 

Example 7. — Arc the first (Example 3) = 36° 52' ; and 90° — 
36° 52' = 53° 8' = arc of versed sine *4 

Then *4 X 18 = 7*2 inches, the distance required. 

Example 8. — Arc the first (Example 4) = 62° 58' ; and 90° — 
62° 58' = 27° 2' = arc of versed sine *1092. 

Then *1092 x 18 = 1*9656 inches, the distance required. 


From the foregoing examples, it is obvious that whatever may 
be the relative proportions of the length of stroke and width of 
steam port, the lap must be some multiple of the port, that the 
steam may be cut off at any given point of the stroke. 

The annexed table exhibits a senes of multipliers for determin- 
ing the amount of lap necessary to cut off the 6team at any part 
of the stroke from \ th to J ths, when the slide has no lead. 


Portion of the stroke 


rr h 


to be performed by | 
the piston before the^ 
steam is cut off. 


i 

* 


i 

» 

u 


Multipliers. 

14-48 

6-46 

377 

2-41 

1-58 

1-00 

•54 


We shall next month proceed to examine the conditions of the 
slide valve with both 44 lead and lap." 


R. B. C. 


HEALTH OF TOWNS — THE GOVERNMENT AND 
THE PROFESSION. 

Now that the sanitary movement is likely to bear fruit, it will 
be well for our professional readers to turn their attention to the 
share which they are to have in the rewards, after having borne 
their part of tne labour. While engineers, architects, and sur- 
veyors have been working hard in carrying out sanitary reform, 
in improving the drainage, in reducing the cost of sewers, in miti- 
gating the smoke nuisance, in warming, in ventilating, in the 
construction of dwellings, in the application of sewage manures, 
and in many other ways, — medical men and members of parliament 
have been making speeches, and claiming the honours oi the cam- 
paign, as it seems they claim the emoluments. With what justice 
members of the constructive professions can be kept out of sight, 
we do not know ; but there is a determined set on the part of the 
medical men to keep them out, and to monopolise the merit and 
the patronage. Of the five Metropolitan Sanitary Commissioners, 
two are medical men, viz., Dr. Southwood Smith and Professor 
Owen ; and not one is engineer, architect, or surveyor. The com- 
missioners, at page 51 of their First Report, speak as follows : — 

44 It has appealed to be our duty to state, that we have had pre- 
sented to us ground of exception against one class of appoint- 
ments to these commissions, namely, that of surveyors, of architects 
in practice, of builders, traders, agents, and professional persons 
connected with building operations in their respective districts.” 

W e think the bias of this passage is readily to be seen, though 
it does not impugn the appointment of engineers, architects, or 
surveyors, as paid commissioners, such officers not practising. 
There is no reason given why an architect and an engineer should 
not be appointed on the Metropolitan Sanitary Commission in 
addition to the physician and surgeon, or naturalist. We will 


show afterwards what reason there is why the two former should 
be appointed. 

Tne following paragraph of the Report contains an insinuation, 
well worthy of notice, for it has its object : — 

44 The more the investigation advances, the more is it apparent 
that the progressive improvement and proper execution of this 
class of public works, together with the appliances of hydraulic 
engineering, cannot be reasonably expected to be dealt with inci- 
dentally, or collaterally to ordinary occupation, or even to con- 
nected professional pursuits, but require a degree of special study 
which not only place them beyond the sphere of the discussion of 
popular administrative bodies, but beyond that of ordinary profes- 
sional engineering and architectural practice. In justification of 
this conclusion, and to show the evil of the perverted applications 
of names of high general professional authority, we mignt adduce 
examples of the most defective works which have received their 
sanction.” 

The aim of this is, that the abuse shall be an argument against 
the use : because some architects have laid down expensive sewers, 
engineers, architects, and surveyors shall be excluded ; because 
Professor Donaldson and Mr. Joseph Gwilt approve of the old 
system, those who have fostered and executed the new system 
shall not be employed. This is what the commissioners mean, 
though they do not say it fully ; and we put it to the public 
whether it is fair to professions, which by their talent and their 
intelligence have so much contributed to the reputation of the 
country. 

It may be taken as a matter of course that Crown Commissioners 
recommend the employment of the government Caleb Quotem, 
44 the Corps of Royal Engineers,” to execute a survey of the metro- 
politan districts. This we conceive to be the finishing touch to 
the wrongs and insults which the Sanitary Commissioners have in 
this Report, and in their proceedings, heaped upon highly honour- 
able professions. 

If it be needful to show that engineers, architects, and surveyors 
can be of some use, we shall appeal to the Report of the Sanitary 
Commissioners, the recommendations in which are based on the 
evidence of Mr. Roe, the Surveyor of the Holborn and Finsbury 
District, Mr. Phillips, the Surveyor of the Westminster District, 
and other able officers. In truth, as our pages would show, Mr. 
Roe has, by his indefatigable exertions, already carried out much 
of the plans now advocated by the Sanitary Commissioners, and 
has only been prevented by the Commissioners of Sewers from 
doing more. Surely these officers are to be balanced against those 
who have adhered to a practice which has only recently been 
opposed and condemned. What do the commissioners tell us ? 

44 All the improvements which the public have yet obtained in 
this branch of public works, have been the result of the special 
and undivided practical attentions of well-qualified paid officers, 
and it appears to us that further improvement must be sought by 
the same means, and that one of the chief objects of future ad- 
ministrative arrangements must be to secure, protect, and encou- 
rage the zealous, undivided attention and efficient labour of such 
officers.” 

If engineers and surveyors have already effected 44 all the im- 
provements which the public have yet obtained in this branch of 
public works ;” and if to them, as scientific officers, the public have 
to look for future improvements, we can see no reason tor the slur 
cast on them by their exclusion from the. present commission, by 
the announced exclusion from future commissions, and by the em- 
ployment of the Corps of Royal Engineers, of whom — with all re- 
spect be it said — the reputation is not European. We cannot hold 
the appointment of Mr. Austin to the secretaryship of the com- 
mission, nor the compliment paid to the executive officers of the 
Commissioners of Sewers as any alleviation of the intended slight. 
We hope Mr. Edwin Chadwick, as commissioner, and Mr. Austin, 
as secretary, both of whom have done well in the cause of sanitary 
reform, have had no part in the exclusive policy of the com- 
mission. 

We have the highest regard for the medical profession ; we have 
the strongest feeling of the good it has done in promoting sanitary 
reform ; but we cannot stand still while medical men arrogate to 
themselves the merits, the honours, and the rewards of sanitary 
reform. Their agitation has done good, we admit; their disin- 
terested advocacy of the cause claims tne highest praise; their 
evidence has given a body and strength to the movement ; but it 
is our professions which have worked while theirs have talked^ — 
which have improved the forms of the sewers, and reduced the pnce 
— which have cleansed them by flushing, and which by a mass of 
individual labour have perfected and carried out plans of improve- 
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ment in every branch of construction, ministering to the public 
comfort, health, and life. Our pages have had their share in these 
discussions, and we have co-operated with our professional readers 
in carrying out a measure or reform, which is already great. In 
the Holborn and Finsbury and Westminster divisions of sewers 
alone, a reform has been effected, such as has not yet been seen in 
these matters ; and we are ignorant of the share the medical pro- 
fession have taken in carrying them out. 

Within a period not very distant, the new Sanitary Commis- 
sioners, or Commissioners of Sewers, will lay down works to the 
amount of half a million, perhaps a million sterling, upon the ad- 
vice, it is true, of competent professional officers, though under 
what competeut supervision on the part of the commission, we are 
unaware. When Mr. Roe proposes nis plan for spending a quarter 
of a million in getting a new outfall, which of tne commissioners 
will consider it his special department to examine the estimates, 
and share in their responsibility? It will not be Lord Robert 
Grosvenor — it will not be Mr. Edwin Chadwick, great as is his 
capacity as an administrator — it will not be Mr. Richard Lambert 
Jones, though he is Chairman of the Bridge Committee in the 
City — it wifi not be Dr. Southwood Smith or Professor Owen. 
The two latter will, we apprehend, be of little use in matters like 
these, and will take no part in them. Thus, a member of parlia- 
ment, a naturalist, a barrister, an auctioneer, and a physician, are 
to superintend the disbursement of hundreds of thousands of 
pounds in public works, and to appoint “ well-qualified paid offi- 
cers" in the engineering and surveying departments ; who are to 
have “ a degree of special study which [shall] not only place them 
beyond the sphere of the discussion of popular administrative 
bodies, but beyond that of ordinary professional engineering and 
architectural practice." 

The government have not thought it necessary to give a fair 
representation to the profession in tne new Commission of Sewers, 
though the names of Mr. Robert Stephenson, M.P., Mr. Locke, 
M.P., Mr. George Rennie, Mr. Cubitt, and others, are well enough 
known at Whitehall. 

The constitution of the Metropolitan Sanitary Commission is. in 
reference to the sphere of its future duties, more monstrous than 
that of the Railway Commission, where three parties, who know 
nothing of railways— a member of parliament, an East India judge, 
and an officer in the army — are entrusted to meddle with railway 
works and administrations. We have so many of these absurd 
appointments of late, that we have a strong impression that unfit- 
ness is adopted as the government rule for office, and have some 
expectation of seeing Monsieur Jullien prime minister. Why the 
engineering profession should be exposed to the contumely and 
neglect from which it suffers at the hands of the government, we 
do not know ; but the enumeration of the Railway Commission, 
the Tidal Harbour Commission, and the Metropolitan Sanitary 
Commission, is a sufficient proof that a degree of unfairness is dis- 
played, which demands immediate and effective opposition. Al- 
though the reputation of English engineers is well known to the 
world — although their professional skill is sought in every country 
— it may be that they are thought by the home government a body 
too inconsiderable and contemptible to withstand oppression or 
demand fair play. 

The misconduct of the government on this head has reached that 
height, that the professions, if they wish to maintain their public 
character, cannot do otherwise than take instant steps to obtain 
justice. They have no security at present for the appointment of 
competent commissioners, or efficient officers, or for the employ- 
ment of professional men at all ; there is no security that officers 
of the Royal Engineers, and other branches of the army, will not 
be appointed surveyors of the sewers and other public works, the 
present officers being superseded. We think it is the duty of the 
Institutions of Architects and Civil Engineers to call meetings of 
their members, to memorialise the government, and send deputa- 
tions to Whitehall, and take every other necessary step to vindi- 
cate the rights of their members. Aggregate meetings of engineers, 
architects, and surveyors, should be neld in the metropolis, and in 
provinces petitions sent to narliament, and memorials to the Trea- 
sury. The members of parliament interested in the welfare of the 
professions, should be requested to take steps in parliament for 
obtaining explanations from the ministers. Mr. Robert Stephen- 
son, Mr. Locke, and Mr. Cubitt, would no doubt, on application, 
give their cordial support to any necessary measure. 

While we urge tnese strong remarks on the injustice done to 
engineers by the Metropolitan Sanitary Commissioners, it must 
not be thought that we undervalue their Report on the practical 
points to which they apply themselves. We are glad to acknow- 
ledge it as a step forward in the right way. 


THE FAN BLAST. 

Series of Experiments relative to the Fan Blast , presented by Mr. 
Buckle, of the Soho Works , to the meeting of the Institute of Mechani- 
cal Engineer a, Birmingham , May 17, and October 27, 1847. 

(Paper No. 1.) 

The subject of this paper has reference to a portion of a series of 
experiments on the Fan Blast, — a subject whicn many members of 
this Institution are conversant with ; but it is hoped that hints 
here thrown out may be serviceable in leading to such constructions 
of the fan as shall insure the greatest useful effect with the least 
expenditure of power. The fan has become an indispensable ma- 
chine in smithies and foundries, it abridges time and labour, and is 
otherwise a great improvement over tne old system of bellows. 
The uniform stream of the former admits of no comparison, by the 
puffy blasts of the latter. By means of the fan the smith can heat 
his work with precision ; he can vary at discretion the size of his 
nozzle tweyere, without deteriorating the density of his blast. He 
can conveniently heat one piece of work while shaping another. 

In a well-regulated smitny, the main pipe from tne fan is fur- 
nished with an air chest and with nozzle pipes, varying from one 
to three inches diameter. The pressure or the blast is made to 
range from four to five ounces per square inch. A nozzle pipe of 
1§ inch diameter is found a suitable size for general engine 
forcings. 

The position of the fan in its chest, or the one preferred and 
generally made use of, is an eccentric position. The continual in- 
creasing winding passage between the tips of the vanes and the 
chest, serves to receive the air from every point of its circumfer- 
ence, and forms, as it were, a general accumulating stream of air to 
the exit pipe. The particles of air having passed the inlet opening, 
and entering on the heel of the blade, would retain the same circu- 
lar path were it not for the centrifugal force of the air due to its 
weight and velocity, impelling them forward towards the tips of 
the vanes; and this continued action is going on, particle following 
particle, till they are ultimately thrown against the fan chest, ana 
are impelled forward to the exit pipe. It is by this centrifugal 
action that the air becomes impelled and accumulated into one 
general stream. But, as will be presently shown, there is a certain 
velocity of the tips of the fan which best suits this action. 

An ordinary eccentric-placed fan, 4 feet diameter — the blades 10 
inches wide and 14 inches long — and making 870 revolutions per 
minute, will supply air at a density of 4 ounces per square inch, to 
40 tweyeres, each being l| inches diameter, without any falling off 
in density. The experiments herein detailed were made with a fan 
3 feet 10 HI inches diameter, the width of the vanes being 10f and 
the length 14 inches; the eccentricity of the fan 1^ inches, with 
reference to the fan case, the number of vanes being 5, and placed 
at an angle of 6 3 to the plane of the diameter ; the inlet openings 
on the side of the fan chest 17^ inches diameter, the outlet opening 
12 inches square ; the space between the tips of the blades and the 
chest increasing from $ inch on the exit pipe to 3^ at the bottom, 
in a line perpendicular with the centre. To the blast pipe leading 
to the tweyeres a slide valve was attached, by means of which the 
area of the discharge was accurately adjusted to suit the required 
density. 

The guage to indicate the density of the air, was a glass gra- 
duated tube, primed with water, it being more sensitive and having 
a greater range than the mercurial one. 

These experiments were made with a view to ascertain what 
density of air could be obtained, with the vanes moving at given 
velocities, the outlet pipe being closed, and also at given velocities 
w ith the outlet open ; but its area varied at discretion. And further, 
to ascertain the horse-power required to drive the fan under the 
varied condition. 

The horse-power was ascertained by an indicator, the friction of 
engine and gearing being deducted in each experiment. With re- 
ference to the term Theoretical Velocity, as used in the table, it 
may be necessary to observe, that thereby is meant the velocity 
which a body w'ould acquire in falling the height of a homogeneous 
column of air equivalent to the required density. Having given 
the necessary preliminary explanations of the blast above that of 
the atmosphere, we come to the experiments as recorded in the 
table. No. 1 a. 

The first column is the number of experiments. 

The second is the number of revolutions of the fan per minute. 

The third is the velocity of the tips of the vanes in feet per second. 

The fourth is the density of the air in ounces per square inch, as indicated 
by the gauge. 

The fifth is the area of the discharge pipe in inches. 

The sixth is the indicated horse power. 
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By this paper it is intended to be shown that there are certain 
velocities with which the tips of the vanes of a fan should move 
according to the required density of air, and that there are certain 
laws which govern these velocities. 

First. — Water is 827 times heavier than air ; mercury is 13*5 
heavier than water: consequently, mercury is 11164 heavier than 
air. A column of mercury, one inch in height, would therefore 
balance a column of air 11164 inches, or 930*3 feet in height. Let 
A be a column of mercury equal in height to any given density, 
and let B represent 930*3, and C 64* ; then V (A X BX C)^=.V or 
the velocity that a body would acquire in falling the height of a 
column of air equivalent to the density. 

Second . — The centrifugal force of air coincides with the results 
obtained by the laws of falling bodies, that is when the velocity is 
the same as the velocity which a body will acquire in falling the 
height of a homogeneous column of air equivalent to any given 
density. To obtain the centrifugal force or density of air apply 
the following general rule. 

Having given the velocity of the air, and the diameter of the 
fan, to ascertain the centrifugal force, — 

Rule. — Divide the velocity by 4*01, and again divide the square 
of the quotient by the diameter of the fan. This last quotient 
multiplied by the weight of a cubic foot of air, at 60° Fahrenheit, 
is equal to the force in ounces per square foot, which, divided by 
144, is equal to the density of air per square inch. Or, substituting 
the following formula, we have 

D = N V X *000034 


where D is the density of the air in ounces per square inch, and 
N the number of revolutions of fan per minute, and V the velocity 
of the tips of the fan in feet per second. 

Let us now compare the results of the foregoing table. To do 
this, we will first take the velocity of the tips of vanes per second, 
and the power necessary to drive the fan. We will first take Nos. 
1, 2, 3, 4, 5, and 6, and we shall find by inspecting the table that 
the corresponding velocities to these numbers are 236*8, 220*8, 202*1, 
185*2, 171*5. and 144*1, and the corresponding densities of air per 
square inch are 9*4, 7*9, 6*9, 5*6, 4*5, and 3*5 ounces. The fan, it 
must be understood, is discharging no air ; the velocity of the fan 
is merely keeping the air at a certain density or pressure per square 
inch. Under these circumstances, it requires a certain velocity of 
the tips of the fan to maintain a certain density of air, but not in a 
direct ratio. 

The law which governs the velocity of the tips of the fan ap- 
pears from these experiments to be -fo of the velocity a body would 
acquire in falling the height of a homogeneous column of air equi- 
valent to the density. This we have called the theoretical velo- 
city, and by comparing Nos. 1, 2, 3, 4, 5, and 6 experiments as 
above, that is, by comparing the velocity of the tips of the fan per 
second with ^ of the theoretical velocity, we shall find them to 
agree tolerably near. Thus, if the velocity of the tips of the fan 
per second be represented by 1, then of the theoretical velocity 
will be represented by 

1*004 in No. 1 experiment,-. 


*986 

1*008 

*990 

*960 

1-0007 


2 

3 

4 

5 

6 


tt 

M 

»* 


»* 


V The mean 1*008 


But we shall not only find that the of theoretical velocity go- 
verns the fan when it is not discharging air, but that the theoreti- 
cal velocity governs it also when the outlet pipe is open ; that is, 
that the maximum effect of the fan is when the vanes move from 
the theoretical velocity to -fo of that velocity due to the density of 
the air, that the greatest quantity of air is discharged by the fan 
under these conditions with the least expenditure of power. To 
illustrate this more fully, let us refer to the table of experiments, 
and for our example we will take Nos. 9, 10, and 11 ; here the den- 
sity in each is six ounces. In No. 10 the velocity of the tips of 
the vanes is 213*33 feet per second, while the theoretical velocity 
is 21 1 feet per second, being nearly the same. The quantity of air 
discharged is 77*9 cubic feet per second, and the power employed 
in this case amounts to 12*5 horses. 

We take now No. 11 experiment. Here the velocity of the tips 
of the fan is 192 feet per second, and -fo of the theoretical velocity 
190 feet per second. Now these two experiments are in proportion 
to each other nearly, viz., in No. 11 the quantity of air discharged 
amounts to 35*7 cubic feet per second, and takes 6*4 horse power, 
while No. 10 discharges 77*9 cubic feet per second, and takes 12*5 


* The apace which a gravitating body will pasa through In one second la 16-j*g feet j 
bat by the principle of accelerating forcee, the velocity of a falling body in any given 
time la eqnal to twice the apace through which it baa paaaed in that time, or the velocity 
le equal to the aquare root of the number obtained by multiplying 64 by the height In feet. 


horse-power. Thus the discharge of air is nearly 2 to 1, and the 
horse-power employed in the same proportion. 

In the following examples we shall call the theoretical velocity 
per second unity , beginning with No. 15. In this example we 
shall also call the quantity of air discharged in cubic feet per second 
unity, and also the horse-power. 



Theoretical 

Penalty of Air 

Velocity of 

Quantity of Air Horae- 


Velocity. 

per aq. lo. 

tij.8 of Fan. 

(Uncharged. 

power. 

No. 15 

1 

5 oz. 

*906 

1* 

1 

14 

1 

5 

1*007 

2*34 

1*93 

12 

1 

5 

1*150 

2*67 

3*16 

20 

1 

4 

900 

1 

1 

19 

1 

4 

1*029 

2*4 

3*42 

18 

1 

4 

1 133 

2*02 

3* nearly 

17 

1 

4 

1*225 

2*30 

4 

16 

1 

4 

1*280 

2*12 

4*27 

11 

1 

6 

*913 

1* 

1 

10 

1 

6 

1*009 

2*18 

2 nearly 

23 

1 

3 

1 050 

1*59 

2*53 

22 

1 

3 

1*160 

2* 

3*56 

21 

1 

3 

1*338 

1*47 

340 

7 

1*028 

1* 

1 

1* 

1* 

9 

•950 

*857 

1 

1*203 

1*03 

12 

*869 

*714 

1 

1*35 

1*06 

16 

*777 

*571 

1 

1*40 

Mi 

Togi 

ve a further illustration of this 

part of our 

subject, we will 

take Nos. 7, 9, 12, 

and 16 ext 

>eriments. 

Here the 

velocity of the 
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tips of the fan is the same, which we shall denote unity. The cor- 
responding densities are 7, 6, 5, and 4 ounces ; we snail call the 
highest unity, also the cubic feet discharged per second, and the 
horse-power. 

Nearly all the preceding examples justify our conclusion, that 
the greatest results are obtained when the theoretical velocity and 
the tips of the vanes are nearly equal. It carries its own convic- 
tion that if we increase the velocity of the tips of the vanes, and 
only double the cubic quantity of air delivered, that it must take 
more than double the expenditure of power, the density of air re- 
maining the same. 

We snail now give examples of the data dictated by our table of 
experiments. And first, having given the density of air per square 
inch to determine the velocity of the tips of the vanes per second ; 
also the horse power requisite to drive the fan under these circum- 
stances, the fan not discharging air, but its velocity merely keeping 
the air at a certain density. 

Let D denote the density of the air in ounces per square inch, 
and A a column of mercury equivalent in height to that density.. 
Then by the laws of falling bodies V (A X 930*3 X 64) = V the ve- 
locity acquired by a body falling through a column of air of the 
corresponding density. 

38 X D 

Then — — — = P the number of pounds acting on the vanes, 


and 


*v. 


16 
X 60 P. 


H. P. or horse-power required. 


33000 

The constant number 38 is obtained by the following foriftula. 
H P X 33000 


= P. 


Then P -^U- 6 = 38 


AVX60 D 

Example . — Let D = 9*4 oz. per square in., and A = 1*175 in. of 
mercury, to determine the velocity of the tips of the vanes per 
second, and also the horse-power. 

Then V (£[30*3 x 64 X 1-175) = 264*4, the theoretical velocity, 
•fa of which is = 237*96 = V, or velocity of tips of vanes per sec. 
_ T 38 X 9*4 ^ 

Now — — — = 22*32 = P, or pounds acting on the vanes of fan. 


Then 


16 

237*96 X 60 X 22*32 


= 9*6 the horse-power required. 


33000 

Having given the velocity of the air in feet per second (or as it 
has been termed the theoretical velocity) to determine the density 
of the air in accordance with the laws of centrifugal force. 

Let the velocity be 264-4 feet per sec., and the diameter of the 
fan 3*9 feet. Then by former rules we have 

. 11169 X 1*209 

= 11169 = and — 


264*4 .66*2* 

= 66*2 and - 


144 


4*01 3*9 

9* ounces density, the answer required. 

Or* by the second rule, take the velocity of the fan in feet per 
second, multiplied by the number of revolutions of the fan per 
minute, the product multiplied by *000034 = the density required. 

Here we must remark, that according to our table of experi- 
ments, that when the tips of the vanes are to move at of the 
theoretical velocity, that not more than 220lb.'of air are discharged 
per minute ; but tnis is without any attenuation in the density. 

4* 
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To determine the horse-power necessary to drive the fan when 
discharging air, the velocity of the tips of the vanes not to exceed 
At of toe theoretical velocity, having given the density of air 
required, also the cubic feet, 

First find the horse-power, as directed in former examples, when 
the fan is not discharging air. 

Then multiply db part of the weight of air to be discharged by 
the fan per minute in pounds by -At of the theoretical velocity, and 
divide by 33000. The quotient will give the horse-power necessary 
to discharge this quantity of air, which add to the horse-power 
necessary to drive the fan when not discharging air , for the answer 
required. 

Example, — Let D be the density of air required = 4 oz. A, a 
column of mercury equal to the density = *5 and W = the weight 
of air to be discharged = 220 lb. per minute, and V the velocity 
of fan in feet per minute. 

38 X 4 

= 9*5 = P = the pounds acting on the vane. 

16 

Then by former rule, V = 2*67 horse-power 

necessary to drive the fan without efflux. 

Now a cubic foot of common air at 60° Fahrenheit weighs 1*209 
oz., therefore a cubic foot of the given density will be equal to 

1 \5 1 1 oz., and = 2330 feet = the cubic quantity of air 

1*511 

_ , . . . A , 220 3*66 X 9315*0 , „ , 

discharged per minute. And — =■ — — =1*0 horse- 

Ov uJl/vU 

power necessary to discharge the given weight of air, and 
1*0-4- 2*67 = 3*67 = the total horse-power required. 

When the velocity of the tips of the vanes is to move equal to 
the theoretical velocity, then we proceed as in the last examples, 
only we take de instead of de (as in former examples) of the 
weight of air discharged, which added to the horse-power requisite 
to drive the fan when no efflux takes place. 

We should here again remark, that when the fan is moving at 
this velocity, that it is capable of discharging 480 lb. of air per 
minute without any falling off in density. 

In a recent set of experiments, the inlet openings in the sides of 
the fan chest were contracted from 17^, the original diameter, to 
12 and 6 in. diameter, when we obtained the following results. 

First, that the power expended with the opening contracted to 
12 in. diameter, was as 2| to 1 compared wiih the opening of 
17^ in. diameter ; the velocity of the fan being nearly the same, as 
also the quantity and density of air delivered. 

Second, that the power expended with the opening contracted 
to 6 in. diameter, was as 2^ to 1 compared with the opening of 
17i in. diameter; the velocity of the fan being nearly the same, 
and also the area of the efflux pipe, but the density of the air 
decreased one-fourth. 

These experiments show that the inlet openings must be made 
of sufficient size, that the air may have a free and uninterrupted 
action in its passage to the blades of the fan, for if we impede this 
action we do so at the expense of power. 

(Paper No. 2.) 

In resuming the subject of the fan blast, I shall endeavour, as 
far as I conveniently can, to avoid detailed statements of the pneu- 
matic laws involved in its consideration, as they would occupy 
more time than would be consistent with the present occasion ; and 
shall proceed to remark on the most important points connected 
with the construction of the fan, viz. : the adoption of such forms 
and proportions, as shall insure the greatest results with the least 
expenditure of power ; and effect a diminution of the intolerable 
noise that generally arises from the working of the fan. And al- 
though I have not been able to carry out such leading principles 
to the fullest extent, I trust that I have furnished materials that 
will be found of value to those members whose greater leisure may 
enable them to do so. 

From a contemplative view of the action and apparent effect of 
that very useful apparatus, a fan blast, it would appear that the 
air in the fan case is impelled by the vanes along the transit pipe, 
or channel, to the chest provided for the blast ; and that the con- 
tinuous rapid motion of the vanes, compresses air in the pipe and 
chest, to a degree that may be shown and accurately measured, by 
a water, or mercurial gage, attached to the blast chest. 

In my first communication, the principal investigation rested on 
a theoretical question, viz. : whether the tips of the blade should 
partake of the same velocity as a body falling freely a certain 
neight, such height being governed by the density of air required. 
Recent experiments (the results of which accompany this paper) 


justify the conclusions then made, as will be seen on examining 
tables Nos. 2 a, 3 a, and 4 a. 

Having satisfied myself with respect to the velocity a fan ought 
to have, when a certain density of air is required, I purpose in this 
paper to examine the fan under other varied conditions, the object 
being to establish the best proportions of inlet openings in the 
sides of the fan chest, and the suitable corresponding length of 
vanes. For this purpose, I caused the openings in the sides of the 
fan chest to be made of a large diameter, and I was enabled to vary 
those openings, by fitting in rings of wood ; and I varied the fan 
by attaching to its arms, vanes of corresponding lengths. The 
experiments are classed in the following tables : — 
lable No. 1 a, Contains the first set of experiments. 

„ 2 a, Experiments made with an inlet opening 30 inches diameter ; 

the length of vane being reduced to 8 inches. 

M 3 a , With an inlet opening of 24f inches diameter, and the length 

of the vane 1 1 inches. 

„ 4 a, With an inlet opening of 20| inches diameter, and the length 

of the vane 13f inches. 

„ 1 6, Shows the effect produced by narrowing the blades to 6 

inches, the length being 16 inches, with outlet to transit 
pipe 4 inches deep. 

„ 2 5, 3 5, 4 b , are experiments showing the effect produced by 

contracting the outlet opening. The inlet opening, and the 
length of vane, being the same as the table under which it 
is classed. 

In the concluding part of the first paper it was stated that, by 
impeding the free admission of air into the vane, it was done at the 
expense of power. Thus, by contracting the inlet opening to 12 
indies diameter, we expended more than twice the power. This 
led to an extension of the openings, the results of which will be 
seen on comparing the former state of the fan, in table No. 1 a, 
with the present tables Nos. 2 a, 3 a, and 4 a. 

In the first five experiments, no efflux of air takes place ; and if, 
in these experiments, we take the mean of the density of the air 
and the horse-power, and call them unity , their proportions with 
the corresponding experiments represented in tables 2, 3, and 4, 
will stand thus : 

Table No. 1 1* Density of air. 1* Horse-power. 


it 


•69 


»t 


1*21 


ii 3 *8 ii *9 „ 

,, 4 1* ii 1*10 ,i 

Here the results are in favour of the fan in its original shape, and 
similar results appear when the fan is discharging air. 

I will now proceed to examine the inlet opening, and the best 
length of vane. 

From the experiments enumerated in the tables it will be seen 
that the longer vane possesses a preponderating power over the 
shorter one, in condensing air of the greatest density, with the 
least proportion of power. Thus, with a vane 14 inches long, the 
tips of which revolve at the rate of 236*8 feet per second, air is 
condensed to 9*4 ounces per square inch above the pressure of the 
atmosphere, with a power of 9*6 horses ; but a vane 8 inches long, 
the diameter at the tips being the same, and having, therefore, the 
same velocity, condenses air to 6 ounces per square inch only, and 
takes 12 horse-power. 

Thus, the density of the latter is little better than A of the 
former, while the power absorbed is nearly 1*25 to 1. Although 
the velocity of the tips of the vanes is the same in each case, the 
velocity of the heels of the respective blades are very different ; for 
whilst the tips of the blades in each case move at the rate of 236*8 
feet per second, the heels of the 14 inch blades move at the rate of 
90*8 feet per second ; and the heels of the 8 inch move at the rate 
of 151*75 feet per second; or, the velocity of the heel of the 14 
inch, moves in the ratio of 1 to 1*67, compared with the heel of the 
8 inch blade. The longer blade approaching nearer the centre, 
strikes the air with less velocity, and allows it to enter on the blade 
with greater freedom, and with considerable less force than the 
shorter one. The inference is, that the short blade must take 
more power at the same time that it accumulates a less quantity of 


air. 


These experiments lead me to conclude that the length of the 
vane demands as great a consideration as the proper diameter of 
the inlet opening. If there were no other object in view, it would 
be useless making the vanes of the fan of a greater width than the 
inlet opening can freely supply.* On the proportion of the length 
and width of the vane, ana the diameter of the inlet opening, rest 
the three most important points, viz. : quantity, and density of air, 
and expenditure of power . 


* The proportion a taction pipe bears to a pump, Is an anagalous case ; for, if we 
drive the bucket at a greater velocity than the suction pipe will supply it with water, 
the consequence will be, that we shall not lift so much water, at the same time that we 
absorb more power. 
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TABLES OF EXPERIMENTS. 


No. 1, a.— With Inlet opening 17£ in. diam., 
aud Vanes 14 In. long, by 10# in. wide. 


No. ol 
F.xpc- 
rimnt. 

1 

3 5*. 

O Z. V 

Ju — - - 

-2 = C " 

l 

z B5 ^ 

Velocity of 
the tips of 
Vanes in feet 
per Second 

Density of 
the Air, in 
ounces, per 
square inch. 

i ft] 

Ss? 

<•8 a 

■3 

i s u 
a E * 

O O i 
•3S. : 

Q C« 

1 

ll'-O 

236*8 

94 

0 

9 6 

2 

108 16 

220-8 

7*9 

0 

7-54 

3 

100') 

204 16 

6 9 

0 

668 

4 

007-5 

1«5 28 

5 6 

0 

6*36 

5 

840 

171 5 

45 

0 

3 82 

6 

705 8 

1441 

3*5 

0 

2*21 

7 

1086 6 

221-8 

7 

37 5 

13 31 

8 

10633 

21709 

7 

3812 

1102 

9 

1086 6 j 

721 8 

6 

48*75 

13-81 

10 

1045 1 

213 33 

6 

88*12 

12*54 

11 

041-6 ' 

102 2 

6 

24*37 

6*43 

12 

1086*6 

2218 

5 

60 

14 26 

13 

1035 8 

211 5 

5 

65 

13 05 

14 

050 

193*9 

5 

52*5 

875 

15 

855 

174-5 

5 

22 5 

4 63 

16 

1086-6 

221*8 

4 

1 693 

1419 

17 

1035 8 

211 48 

4 

75 

133 

18 

06 i 6 

196-6 

4 

65*6 

95 

19 

870 

177-6 

4 

78*1 

11*3 

21) 

760 

155-8 

4 

33*1 

3*3 

21 

08 > 3 

200-7 

3 

82 6 

1015 

21 

885 

, 1745 

3 

02 7 

10-6 

23 

773-3 

157*8 

3 

>80-6 

7* 66 

24 

659-2 

1 134 5 

3 

56 2 

2-08 


No. 1. b.— With the Outlet opening contract- 
ed to 4 In. deep, and 7 in. wide. 

Inlet opening 15 in. diameter. 

Vane 16 In. long, by 6 in. wide. 


4 { 


800 

163 3 

45 

0 

2-38 

885 

18u7 

57 

0 

2-89 

786-6 1 

160-5 

4*0 

1376 

2-9 

b 85 

180-7 

1 4 

25 

4*76 

H/O 

177-6 

1 5 

10 

3 5 

773-3 

157-8 

1 3 

37 5 

3-2 

878*5 

1591 

3 i 

35 

50 


No. 2, 
diam. 

a. — With Inlet opening 30 in. 
Vane 8 in. long by 10# in. wide. 

Number of 
Revolutions 
of Kan, per 
Minute. 

Velocity of 
the Tips of 
Vanes In feet 
per Second. 

Density of 
the Air in 
ounces, per 
square inch. 

Area of Dis- 
charge Pipe, 
in sq. inches. 

Indicated 

Horse 

Power. 

1 1I«0 1 236-8 

6 

0 

11*92 

1081-6 

220-8 

5-3 

0 

10-5 

10O0 

204 16 

5 

0 

7- 65 

90o 

183 78 

43 

0 

5-64 

7b6 

160 59 

3 3 

0 

442 

1170 

238 8 

5 

30-62 

1202 

1160 

236 8 

4 

53*7 

12-4 

U'81 6 

220*8 

4 

46-2 

lu-4 

966 6 

196 6 

4 

60 

11*2 

878-6 

179*1 

4 

40 

6 6 

1100 

224 5 

l 3 

637 

9*23 

966*6 

196-6 

3 

9:) 6 

10*25 

878-5 

179 1 

3 

68*7 

8-84 

780 

159 2 

i 3 

57 5 

6 55 

No. 2, b.— With the Outlet opening 
contracted to 4 In. deep. 

No Efflux. 

900 

| 1827 | 4-5 | 0 

With Ffflux. 

| C-24 

855 

| 1807 

1 4 

| 40 

1 75 

With the original Outlet opening, 

12 in. deep. 

No Efflux. 

900 

|182-3 | 415| 0 

With Efflux. 

| 7*35 

885 

| 18 *7 

1 4 

1 40 

| 8-25 


No. 3, a.— With Inlet opening 24# in. 
diam. Vane 1 1 in. long, by 10# in. wide. 


No. 4, a.— With I nlet opening 205 in. 
diam. Vane 13# in. long, by 10# wide. 

Number of 
Revolutions 
of Fan, per 
Minute. 

Velocity of 
the Tips of 
Vanes in feet 
per Second. 

Density of 
the Air, in 
ounces, per 
Bquare inch. 

. . .1 

» « 

S£| 

nil 

a/ a * 

<*5 = 

12 t> u 
! 1 1 

? t 

s c = 

i 

i 

>. » a C 

'Z ]Z * * 
2 » = t 

^ 5 UX 

° .Vz 

Ml 

"■5 o g- 

j£t| 

*yl 

« S? o* 

* « » 

<%a\ 

*o 

it § ir 

: i 

1000 

2245 

58 

0 

6*1 

1 

10816 

2208 

7*7 

0 

8-40 

100<> 

204 16 

5 5 

0 

6 96 


1IM)0 

204 16 

6-7 

0 

7-84 

900 

1837 

4 8 

0 

4*13 


900 

1837 

56 

0 

5 2 

80.) 

163-3 

38 

0 

3 9 


786 6 

160*5 

4-4 

0 

445 







1"63 3 

21709 

7 

25 

10*7 | 







1063-3 

217-09 

6 

42 6 

11*47| 







966 6 

196 68 

6 

35 

10 07 

1 

1000 

2C4-1 

5 

31 8 

7-3 


966-6 

196*68 

5 

65 

14*94 1 







8/8 5 

17915 

5 

37-5 

78 | 

1063-3 

217 09 

4 

45 

7 


983 3 

200*7 

4 

79*6 

12*7 

983 3 

200-7 

4 

55 

89 


870 

1776 

4 

66 

99 

865 

180-7 

4 

48*1 

6 17 


7733 

157*8 

4 

35 

5 7 

1100 

224-5 

3 

637 

87 







966'6 

190-6 

3 

70 

7-29 







870 

177 6 

3 

82 

7-8 


870 

177-6 

3 

103 6 

10*7 

786*6 

160-5 

3 

65 

676 


7866 

16o-5 

3 

97*1 

1 1042 

1 No 3, b.— With the Outlet opening 


No. 4, b.— With the Outlet opening ( 

! contracted to 3 j in. deep. 




] coutracted to 4 in. deep. 




No Efflux. 





No Efflux. 



826-6 

1 168-7 

4 

o 

| 2 75 


885 

1 180/ 

6*5 

1 o 

| 8 7 


With Efflux. 




With Efflux. 


760 

| 121-8 

3 5 | 35 

1 24 


900 

| 183-7 

4 

| 40 

| 69 

i With the original Outlet opening. 


With the original Outlet opening. 

12 in. deep. 





| 12 in. deep. 





No Efflux. 





No Efflux. 



813 

| 166 

4 

1 0 

| 3*46 


885 

| 180*7 

1 H 

1 o 

1 4*;l 


With Efflux 





With Efflux. 


81.1 

| 166 

1 

1 40 

| 3 98 


885 

| 180 7 

4 

| 60 7 

| 9 3 


In the 14 inch blade, the tip has a velocity of 2*6 greater than 
the heel ; or, by the laws of centrifugal force, the air will have 2'6 
times the density at the tip of the blade that it has at the heel. 
The air cannot enter on the heel with more than atmospheric den- 
sity but in its passage along the vanes, it becomes compressed in 
proportion to its centrifugal force. The greater the length of 
vane, the greater will be the difference of the centrifugal force be- 
tween the heel and the tip of the blade ; consequently, the greater 
the density of the air. 

Reasoning, then, from these experiments, I recommend for easy 
reference, the following proportions for the construction of the 

fa n : Let the width of the vanes be one-fourth of the diameter of 

the vanes.— Let the diameter of the inlet openings in the sides of 
the fan chest be one-half the diameter of the fan. — And, let the 
length of the vanes be one-fourth of the diameter of the fan. 

In adopting this mode of construction, the area of the inlet open- 
ings in the sides of the fan chest, w ill be the same as the circum- 
ference of the heel of the blade, multiplied by its w idth ; or the 
same area as the space described by the heel of the blade. 

The following tables gives the sizes of fans varying from 3 to 6 
feet diameter : — 


Table 1. 


Dlaireter 

Width of 

Length of 

Diameter of 

of Fan. 

Vane. 

Vane. 

inlet opening. 

ft. 

in. 

ft. 

la. 

ft. 

in. 

ft. 

In. 

3 

0 

0 

9 

0 

9 

1 

6 

3 

6 

6 

10* 

0 

10* 

1 

9 

4 

0 

1 

0 

1 

0 

2 

0 

4 

6 

1 

14 

1 

14 

2 

3 

5 

0 

l 

3 

1 

3 

2 

6 

6 

0 

1 

6 

1 

6 

3 

0 




Table 2. 




3 

0 

0 

7 

1 

0 

1 

0 

3 

6 

0 

84 

1 

14 

1 

3 

4 

0 

0 

94 

1 

. 3* 

1 

6 

4 

6 

0 

10* 

1 

44 

1 

9 

5 

0 

1 

0 

1 

6 

2 

0 

6 

0 

1 

2 

1 

10 

2 

4 


I recommend the proportions in table 1 , for densities^ ranging 
from 3 to 6 ounces per square inch, and for higher densities, viz. : 
from 6 to 9, or more ounces, the sizes given in table 2. 


The dimensions of the above tables are not laid down as pre- 
scribed limits, but as approximations obtained from the best results 
in practice. 

In some cases, two fans fixed on one spindle would be found pre- 
ferable to one wide one, as by such arrangement, twice the area of 
inlet opening is obtained, compared with a single wide fan ; and 
they may be so constructed, where occasionally only half the quan- 
tity of air is required, that one of them may be disengaged by a 
clutch, and thus a saving of power effected. In a single fan of 
great width, the inlet opening must either be made too small in 
proportion to the width of the vane, or if it be made large enough 
for the width of the vane, the length of the vane becomes so short 
as to be quite incapable of producing air of the required density. 

It has been stated that the air from the fan chest is impelled by 
the vanes along the transit pipe, to the blast chest, &c. : I beg at- 
tention to the results of an experiment very recently made by me, 
with reference to the admission of air into the transit pipe, and 
which, I think, may lead to an important improvement in the fan. 
The experiment alluded to, was made to enable me to ascertain the 
result of varying the area of admission to the transit pipe, in pro- 
portion to the quantity of blast required for use ; ana I effected 
this by adapting a segmental slide to the circular chest of the fan, 
as shown in the accompanying section, by means of which, I vary 
the width of the opening into the transit pipe, from 12 to 4 inches. 

The object of this arrangement is, to diminish the transit pipe 
opening at pleasure, in proportion to the quantity of air required, 
and thereby to lessen the power necessary to work the fan. The 
results will be seen by experiments inserted in tables 1 6, 2 ft, 3 6, 
and 4 ft. The inlet opening to the transit pipe having been con- 
tracted from 12 inches to 4 inches deep, so that the tip of the vane 
and the bottom of the outlet opening were nearly in a direct hori- 
zontal line, nearly the same quantity of air was impelled, as with 
the original opening ; the noise produced by the fan had, nowever, 
nearly ceased. It therefore appears, that the less this opening is 
made — provided we produce sufficient blast — the less noise will 
proceed from the fan ; and by making the top of this opening level 
with the tips of the vane, the column of air has little or no re- 
action on the vanes. 

• With respect to the degree of eccentricity which the fan should 
have, with referenoe to the fan chest, A of the diameter of the fan 
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has been found in practice to answer well ; that is ? the space be- 
tween the fan and the chest should increase, from $ of an inch at 
the top of the inlet tu the transit pipe, to ,g of the diameter of the 
fan at the bottom of a line perpendicular with the centre. The 
tunnel, or main pipe, from the tan chest may for short distances, 



II 


varying from 50 to 100 feet in length, be made not less than l£ 
times the area of the transit pipe in the fan chest ; and in distances 
varying from 100 to 200 feet in length, 1^ times the area of the 
transit pipe. The length of a tunnel may be continued to 300 or 
more feet, provided it be made of sufficient dimensions to allow the 
air to pass freely along it. The experiments accompanying this 
paper were made with a tunnel 18 inches diameter and 160 feet in 
length, and no difference could be detected in the density of the 
air, when the gage was applied at any part of the tunnel. 

Having investigated the leading characteristics of the fan, it may 
not be out of place to give a few hints respecting its mechanical 
construction. 

First . — It is one of the greatest essentials, that all parts main- 
tain a just and proper balance. 

Second . — That tne arms of the fan be as light as is consistent 
with safety : round arms are decidedly objectionable ; I have known 
instances when their centrifugal force has torn them from the cen- 
tre boss. I prefer the rectangular arm, about the proportion of 2^ 
times the width, for the depth at the centre, with sufficient taper 
towards the tips. 

Third . — The bearings and journals of the fan spindle should be 
made of a length not less than four times the diameter of the necks 
of the spindle. 

Finally . — The driving pulleys should be made as large as circum- 
stances will admit of, so that the strap may have sufficient surface 
to prevent slipping. 

The fan from w hich my experiments were collected, was made 
with these proportions. It has been at work nine years without 
any perceptible wear. 

The application of the fan has hitherto been chiefly applied to 
smithies and foundries ; and in but few instances has it been ap- 
plied to the smelting of iron ore. I am aware that differences of 
opinion exist as to the applicability of the fan to that purpose. The 
principal reason urged against it being the limited density to which 
the blast can thereby be compressed, compared with the blast sup- 


plied by the cylinder. It remains, however, to be proved whether 
such high densities are absolutely necessary for the smelting of 
iron ore ; whether we may not produce as good iron by a diffused 
soft blast, as by the strong, ana generally applied, concentrated 
blast. I hope it will not be thought presumptuous on my part, in 
thus doubting long established practices. The old maxim of 
w there's no way like the old way, is not always based on unerring 
principles. 

As 1 have before stated, the density of blast afforded by the fan, 
is limited to the force arising from the centrifugal motion of the 
air, in passing along the vanes of the fan ; the quantity not ex- 
ceeding what is due to its velocity and magnitude. But may not 
this density be increased by using a succession of fans, so con- 
structed and arranged, that the air may be passed successively 
through each ; the air from the first fan being made to enter the 
second , the air from the second to enter the third ; and the blast 
finally emitted of adequate density ? 

I cannot here enter into a further investigation of this important 
subject ; neither are the limits and character of this paper suited 
to the minutiae connected with the principles and practice of a 
smelting furnace; but I hope that the observations which I have 
made, and the principles I have endeavoured to enunciate, will be 
the means of instituting further inquiry ; and. as the expense of 
constructing a fan can be no barrier, I trust tnat a fair trial will 
be made, where convenience is suited to its application for smelt- 
ing purposes. 


EEQX8TEE OF NEW PATENTS. 


VENTILATION OF MINES. 

John Wilcock, gentleman, in the county of York, for w cer- 
tain Improvements in the ventilation of mines .” — Granted June 12 ; 
Enrolled Dec. 12, 1847. [Reported in the Patent Journal , .] 

The patentee, in this specification, states his invention to be for 
the purpose of improving, and more effectually securing, the better 
ventilation of mines, and consists of elongating the upcast shaft of 
the mine, by the addition of stacks, towers, or other similar build- 
ings, erected above, or in connection with such upcast shaft, by 
which the upper orifice of the upcast shaft is elevated very consi- 
derably above the upper orifice of the downcast shaft, proportion- 
ably to various circumstances — as the relative depths of the two 
shafts, the velocity of the current of air through the mine, the 
nature of the gases, &c. The ventilation of mines is effected by 
the passing of a stream, or current, of atmospheric air through 
the various ramifications of the mine, carrying with it, in its 
course, the various noxious gases — as carburetted hydrogen, car- 
bonic acid, and also the vitiated air, in its course, and escapes 
through the upcast shaft into the atmosphere. This current is, in 
most cases, caused — or the velocity of it is increased — by the ap- 
plication of heat to the upcast shaft, either at the bottom thereof, 
or at the orifice at the surface. The patentee proposes, by his in- 
vention, to increase the velocity of the currents through the up- 
cast shaft, by erecting a stack, tower, or other similar building, 
above, or in connection with, the upcast shaft, which forms a con- 
tinuation of the shaft, and through which also continues to flow 
the current of air. The height to which, in most cases, it will be 
sufficient to raise the elongated portion of the shaft, the patentee 
states to be from 60 feet to 100 feet, though this will be governed 
much by circumstances, varying in different mines. The patentee 
gives several drawings, descriptive of his invention, as applied to 
several descriptions of mine shafts ; as, first, to its application to 
mines having only one shaft ; in this case, it is customary to make 
partitions down the shaft, thus forming downcast and upcast shafts. 
The patentee proposes leaving these arrangements as usual, but 
erecting over, or in connection with, the part of the shaft, a stack, 
tower, or other building, as a continuation of the uncast shaft. 
Secondly, to a mine in which the upcast shaft is also the working 
one ; in this case, the minerals and workmen pass out of the lower 
part of the stack, or tower, by an aperture in the wall of it ; and, 
thirdly, to a mine in which tne upcast shaft is only employed for 
that purpose ; in this case, a plain stack, or tower, is employed. 
In all cases, the patentee states, it is necessary that the sectional 
area of the stack, or tower, should be, at least, equal to the sec- 
tional area of the upcast shaft ; and that, when it is necessary to 
have any openings into the lower part of the stack, or t0 J* er > 
sectional area of the upper part of the stack, or tower, above the 
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apertures, must be increased by the size of the apertures, for ( 
the purpose of not interfering with the upward current from the 
upcast shaft. The patentee, after describing his invention, claims 
tne mode, or modes, of elongating the upcast shafts of mines, for 
the better ventilation of such mines, as described in the speci- 
fication. 


CONSTRUCTION OF BRIDGES. 

Stephen Moulton, of Norfolk-street, Strand, Middlesex, gen- 
tleman, for 44 Improvements in the construction of bridges ? — Granted 
April 8; Enrolled Oct. 8, 1847, 

The improvements are for constructing bridges in the manner 
shown in the annexed engravings. Fig. 1 is a side view of a bridge 




constructed according to the invention. Fig. 2 shows two trans- 
verse sections thereof by which it will be seen that the top rail B, 
and the bottom rail A, are combined together by a series of diago- 
nal bars D, so that the bottom rail A, is 
suspended from the upper rail B, by 
means of such diagonal bars D ; and the 
rails, A and B, are kept apart by means 
of the uprights C, which uprights are 
not fixed to the upper or lower rails 
B, A, but simply come in between them 
as supports to retain the parts A, B, at 
the correct distance apart ; and in the 
ovent of the chain being formed to act 
unequally on any of the diagonal bars 
D, by driving in wedges, as shown at E, 
fig. 1, the whole must be correctly ad- 
justed. The diagonal bars D, proceed 
in opposite directions, and cross each 
other, as is shown, but they are not fixed 
to each other, they being simply fixed 
at their ends by means of pins passing 
through them ; and the top and bottom 
rail, B, A, fig. 1, shows part of the side 
framing of the bridge. 

Fig. 3 shows the diagonal bars D, 
with the screw pins and nuts, by which 
they are attached to the rails A, B. The upper rail may be formed 
of two angle-irons, as shown at fig. 2, or in one double angle-iron, 
as shown at fig. 3, the diagonal bars D passing between the parts 
B B, and such parts will be held together by the pins and nuts J, 
as shown. The lower rail is composed of two 
bars, A, A, shown in fig. 2, and the ends of the 
bars D are placed between them, and held by the 
screw pins and nuts J, as shown. K, the beams 
for receiving the floor of the bridge. F, the caps 
which cover the upper edges of the two bars of 
which the bottom rail A, is composed. At the 
ends of a bridge it is preferred to use additional 
bars D*, D*, as shown at fig. 1, and also holding- 
bars G, with adjusting screws and nuts, as at H ; 
but these may be dispensed with. There are 
opening through the uprights C, for the passage 
or the diagonal bars D, but these bars D should 
be free and not confined in the openings through 
such uprights C. 

It will be found by examining the peculiar arrangement of the 
parts that great strength with lightness are obtained by construct- 




ed "ft* 




Fig. 8. 


ing bridges in the manner described, for it will be evident that as 
the rails A, B, are kept separated by the uprights C, which act as 
stretchers, they will be rendered stiff and secure from flexure by 
the diagonal bars D. 


LOCOMOTIVE ENGINES AND RAILWAY CARRIAGES. 

George Taylor, of Holbeck, near Leeds, for 44 Improvements in 
locomotive engines and railway carriages ? — Granted June 3; En- 
rolled Dec. 3, 1847. [Reported in the Mechanics ' Magazine.’] 

The patentee states that his invention consists: Firstly — In 
certain improved arrangements of the steam cylinders of locomo- 
tive engines, and the parts which communicate the reciprocating 
motion of the pistons of the cylinders to the axle or axles of the 
driving-wheels, which arrangements have for their object to con- 
centrate the driving power of the actuated pistons, so as to com- 
municate an even rotating motion to the driving-wheels, or to dis- 
tribute the moving power (before concentrating it), in an even 
and uniform manner to one, two, or more pairs of wheels. The 
advantages which the patentee states he believes to result from 
this part of his invention are, diminished wear and tear of the en- 
gine, and the attainment, with safety, of a greater degree of 
speed, in consequence of the decreased amount of oscillation of 
the locomotives. The construction is as follows : — Above the 
boiler, and near the smoke-box, are placed, horizontallv, and in 
juxta-position, two steam cylinders of equal capacity, eacb having 
its piston furnished with cross heads sliding in guides supported bv 
the frame of the engine. The pistons are connected by rods to 
two cranks, which are attached on either side to a wheel having 
cogs or indentations on its periphery, and which gears into another 
wheel fastened on the centre of the axle of the driving-wheels. 
The axle is placed above the boiler, and allows of the employment 
of driving-wheels of larger diameter (say from 10 to 15 feet), 
with even a diminished amount of oscillation, in consequence of 
the weight of the engine being brought near the line of rails. All 
the wheels may be nmde to drive by being coupled in the ordinary 
manner.. In order that the cog-wheels may work properly, and 
the bearing-springs of the engine act freely, the guides, in which 
are supported thejournals or axle-boxes of the driving-wheels, are 
made slanting. Two modifications of the mode of connecting the 
piston-rods of the steam cylinders with the axles of the driving- 
wheels are specified by the patentee. The first consists in forming 
a slot in the centre of each of the piston-rods, in which works a 
short vibrating link, connected to a vertical frame on either side 
of the engine, which is made fast underneath the boiler by means 
of a pin, on w hich it vibrates — and in connecting each of these 
vibrating vertical frames bv rods as is usual with the bosses of the 
driving-wheelsj or in attaching one end of a connecting-rod to the 
outside end or the cross head of the piston-rod, and the other to 
the boss of the driving-wheel. Secondly — This invention has re- 
ference to the construction of an apparatus applicable to the loco- 
motive,' tender, and carriages, whicn serves to retard the progress 
of the train when necessary, and to support, in the case of the 
breakage of an axle, the weight of the carriage. To effect this, 
two levers are made fast to the bottom of the carriage in such 
manner as to allow of their acting freely, and have each at the 
outer end a flanged skid placed directly over the line of rail. 
These skids have on the under surfaces blocks of hard wood with 
the grain placed vertically, and are moreover connected by a 
strong spring. From the centre of this spring rises a vertical 
shaft, consisting of two pieces joined by a threaded connection, 
whereby it can be lengthened or shortened, as required. The top 
of this shaft is forked, and has between the prongs at top and bot- 
tom two anti-friction rollers ; between these rollers is a cam, fast- 
ened to a horizontal rod, which is made to rotate by apparatus 
brought under the control of the driver or guards, after any ordi- 
nary and well-known means. When the longest radius of the cam 
is brought to bear upon the lower anti-friction roller by means of 
the rotating of the horizontal shaft, it follows that the vertical 
shaft is forced downwards and the flanged skids thereby depressed 
on to the line of rail which they bite, and thus retard the progress 
of the train. The flanges serve to retain the carriages on the line 
of rails, and the skids to support the carriage in the case of the 
breakage of an axle ; but, in order that the vertical shaft may be 
relieved from the weight of the carriage, stops are inserted in the 
lower part thereof at the most convenient point, against which the 
skids catch. Thirdly — The patentee proposes to divide the tender 
horizontally into two parts, using the upper or open portion for 
coals, and the lower to contain tne water, and to pass the axle of 
the wheels through the water or above it, in order that the weight 
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.of the tender, as in the case of the locomotive before described, 
mav be brought nearer the rails. Fourthly — To employ axles for 
railway carriages composed of two pieces, one solid and the other 
tubular, to slide over it ; one of a pair of wheels being attached to 
each piece, so that they may revolve independently of each other. 


VIBRATING PISTON-ROD ENGINE. 

G. V. Gustafsson, of 15, William-street, Regent’s-park, late en- 
gineer, R.N. 44 Improvements in the steam engine .” 

The improvements relate, first, to 44 the mode of connecting a pis- 
ton-rod to a piston by means of a ball-and-socket joint.” The ad- 
vantage of this plan over the old one (where the piston-rod is con- 
nected to the piston bv means of straps and keys like the crank 
and connecting-rod) will easily be perceived ; a large bearing sur- 
face, its facility for adapting itself in the centre of the piston, being 
bored and turned at tne same time, and also the convenience for 
holding a lubricating substance, such as oil or tallow, and thereby 
lessening the friction, and causing a less wear of the ball and socket. 
Secondly, 44 The manner of keeping the piston tight within the 
cylinder by the combined mechanical forces of steam and metallic 
springs.” The advantage of this arrangement will also be perceived 
without difficulty: the skeleton of the piston is formed like a 
wheel ; the nave receives the end of the piston-rod, from which 
proceeds the arms, to the extreme ends of which a ring is attached, 
and to which ring is bolted the top and bottom cover of the piston, 
which for lightness should be made of wrought-iron ; within these 
covers, and at the outer periphery, are fitted two metallic rings of 
light construction, and kept m their places by means of spiral and 
horizontal springs, but not necessarily steam-tight, as that will be 
effected by admitting steam into the chamber, which incloses the 
packing-rings by means of a double acting valve ; this will cause 
a more uniform pressure on the packing-rings than could be effected 
by springs alone ; it also requires very little fitting and grinding, 
only the side of the ring nearest the cover : it has also another, 
though perhaps not very great advantage, of partially pulling , in- 
stead of entirely pushing the piston. Suppose the piston is moving 
upwards, a portion of the pressure from under it will be removed 
to the upper cover, which is considerably above the centre of the 
globe ; hence the pulling property, which in such case is preferable 
to pushing : the same, of course, takes place on the down stroke. 
Thirdly, 44 The construction of a moveable apparatus to be adapted 
to the top or cover of the cylinder through which the piston-rod is 
to slide, and at the same time vibrate. The advantage of this 
apparatus over the old slide-rest shaped one is, first, being curved 
as to present nearly a rectangular base to the different positions of 
the piston-rod, whereby the friction is considerably diminished ; 
secondly, having a flat bearing surface to act against, instead of the 
dovetailed edges in the old plan ; thirdly, and last, its facility of 
keeping in contact with the bearing surface, which is effected in 
condensing engines by connecting tne narrow chamber, between 
the two slides, with the condenser, whereby the slides are kept in 
their places by the pressure of steam and the atmosphere : in non- 
cOndensing engines this chamber should be in communication with 
the atmosphere, which may be effected by causing the upper slide 
to bear in the middle only , allowing a passage to the chamber under 
it, which will also lessen the friction of the upper slide : it will be 
perceived that the slides are portions of circles, and consequently 
easy of construction. And fourthly, 44 An apparatus (or self-act- 
ing damper) for regulating the draught of the flues and furnaces, 
and thereby tempering the pressure of steam in the boiler, and also 
giving such due notice of the state of pressure in the boiler as may 
prevent accidental explosion.” This being a distinct apparatus, 
may be used with or without the other improvements, ana is appli- 
cable both for land and marine engines. 

The inventor states that, 44 a plan, somewhat similar in principle, 
though differing in details, was tried many years ago, but in con- 
sequence of the ill-adaptation of the slides — somewhat like the 
slide-rest of a turning-lathe — to the motion of the piston-rod, being 
at right angles to tne latter only at the dead points of the engine, 
or top-and-bottom stroke, it was a very great defect.” 

The three first improvements are shown in the annexed engrav- 
ing of a vertical section of the steam cylinder, a, the cylinder ; 
5, the skeleton of the piston, formed like a wheel for the purpose 
of rendering it of light construction ; c, a hollow cast-iron globe, 
fitted to the end of the piston-rod and secured to it by a plug d, or 
it may be cast on to the end of the piston-rod : in the centre of 
the piston is a hemispherical socket, into which the globe c is fitted 


and secured to it by means of a cap e firmly bolted to the hemi- 
spherical socket ; the arms have strengthening flanges on their 
under sides, and to the outer ring, at the extremity of the arms, is 
bolted the top and bottom covers g g , which, for lightness, may be 
made of wrought-iron. To render the piston steam-tight, two 



metallic rings are placed in the annular chamber between the 
covers g g , and held in their places by means of vertical and hori- 
zontal springs, but not necessarily steam-tight, as that will be 
effected by admitting steam into this annular chamber of the piston 
by means of a double-acting valve, by which a more uniform pres- 
sure on the packing-rings is obtained than could possibly be effected 
by springs alone : * is the cylinder cover, which is made spherical, 
with segmental pieces to complete the arc of a circle ; k is a seg- 
ment slightly hollowed in the middle and bolted to the cylinder- 
cover ; / are slides attached to the cups m n. To keep the radius 
slides 1 1 constantly in contact with their bearing surface, the hol- 
low space o should be in communication with the condenser, which 
is effected by fixing a small tube in any convenient place : in non- 
condensing engines this space should be in communication with the 
atmosphere. 

It will be seen that as the piston ascends and descends, the 
piston-rod will be enabled, by the lateral motion of the radius 
slides, to vibrate, and thereby act directly on the crank ; in conse- 
quence of the angular position of the piston-rod the wear of the 
cylinder would be greater on one side than the other, but this may 
be avoided by giving to the latter an inclined position. It will be 
perceived that this peculiarity of the piston is of great advantage, 
especially for horizontal engines, as the weight of the piston would 
be supported by the pressure, and consequently prevent an un- 
equalizing wear of the cylinder and piston, which in common hori- 
zontal engines cannot be avoided ; nence the vibrating piston-rod 
is particularly adapted for the screw-propeller and locomotive en- 
gines. To prevent an unnecessary waste of steam, the space 
between the piston and the cylinder cover, where the former is on 
the top stroke, as shown by the dotted lines, may be filled up with 
hard wood and bolted to the cylinder cover. 


Digitized by t^ooQle 




Digitized by t^ooQle 


Digitized by 


Google 





1848.] 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


BUNNETTS SEWER TRAP. 

Mr. Bunnett, of the firm of Bunnett and Corpe, of Lombard- 
street. has invented a very simple and cheap “ Self-acting Effluvia 
Trap j which differs from all previous contrivances. The fault of 
the old invention was that they were so arranged that a very small 
quantity of water caused the pan of the trap to fall, and conse- 
quently during a shower of rain, or water falling upon it, the 
action was intermittent, continually opening a communication with 
the sewer, and liable to be held open permanently by any light 
matter being caught by the rising of the pan. In Mr. Bunnett's 
improved trap this is avoided by introducing a peculiar mechanical 

arrangement ot the le- 
verage connected with 
the form of the move- 
able pan, and applica- 
tion of the weight, 
which admits, under 
ordinary circumstan- 
ces, of a constant flow 
of water through the 
grating into the pan 
of the trap and over 
the edge of the same 
into the sewer or drain, 
the lower part of the 
trap being immersed 
into the water, so as 
to form a most effec- 
tual water sealed joint, 
of sufficient depth to 
withstand the effects 
of evaporation from 
long drought, and should a stoppage he caused by a deposit of silt 
or other matter, the water will rise in the body of the trap, until 
it is about two-thirds full, at which point it raises the balance- 
weight, and obtains considerable leverage by the peculiar formation 
of the moveable pan, insuring a rapid discharge of a large body of 
water, which by its force most effectually cleanses the trap, and 
flushes the sewer or drain, and instantly recovers its position, with 
sufficient water to form the joint again, resuming its former action 
till another stoppage occurs ; the form of the trap also insures on 
the commencement of a thaw the ready ejection of any ice that 
may have formed therein. The annexed figure is a sectio nal view 
of a street grating and gully hole with the trap, which is repre- 
sented in its ordinary position, the water flowing from the grating 
into the body of it, and over the edges of the moveable part into 
the sewer or drain. The lower part of the body of the trap is 
immersed in the water which is retained in the moveable part by 
the counterbalance weight, thereby forming a perfectly sealed joint 
and effectually preventing any smell from rising. 

Another advantage attending this trap is that it can easily he 
fixed to any gully hole, and the price is very moderate, being about 
£l each. 



GAS IMPROVEMENTS. 

( With Engravings , Plate II . ) 

George Hol worthy Palmer, of Westbourne- villas, Harrow- 
road, Middlesex, civil engineer, for “ an improved method or mode of 
producing inflammable gases of greater purity and higher illuminating 
power , Granted April 17 ; Enrolled October 17, 1847. 

The first part of this invention relates to an improved mode of 
setting and arranging the retorts in conjunction with additional 
vessels called “ regenerators," so as to insure their being heated 
uniformly to the required temperature (as shown in figs. 1 to €), by 
which method not only an increase of volume, but also an increase 
in the illuminating power of the gas is obtained. The heating sur- 
face of the regenerators may be further increased by the introduc- 
tion of metallic chippings, or by sheet iron partitions. 

By this arrangement, the gas passes direct from the retorts into 
the regenerators, where it receives a second dose of caloric, and 
then flows in the usual manner through the sealed pipes in the hy- 
draulic main, and then into the mechanical precipitator, to be next 
explained. The patentee recommends the retorts to be kept at a 
bright cherry-rea heat, and the regenerators at a dull-red heat, 
visible by daylight. 

The second improvement relates to an apparatus called a “ me- 
chanical precipitator,” combined with a refrigerator (as shown in 
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figs. 7 and 8), for the purpose of abstracting the vapours of tar and 
naphtha, as well as the gaseous ammonia and its compounds. 

The third improvement relates to apparatus called “ ammoniacal 
filtering towers,” through which the gas passes from the precipita- 
tor, being washed in its course by liquid ammonia, descending like 
rain through one or more perforated plates, as shown in Nos. 1, 2, 
and 3, in figs. 9, 10, and 11. By this process a further portion of 
ammonia, contained in the gas, is absorbed without subjecting the 
gas to an increased pressure, and the liquid ammonia is increased 
in strength. 

The fourth improvement relates to an apparatus consisting of a 
series of steam chambers and condensers, Nos. 4, 5, and 6, as shown 
in figs. 9 and 10, through which the gas passes from the filtering 
tower ; each of these chambers is to be charged with a volume of 

f >ure steam equal to the volume of gas. The crude gas, with a vo- 
ume of steam, passes first into No. 1 steam chamber, and then into 
its condensing chamber, where the steam will be condensed into 
water, which m its descent will carry with it a great portion of the 
remaining gaseous ammonia and its various compounds; after 
which, the permanent gases flow from No. 1 condenser into No. 2 
steam chamber, when the gas will be again saturated with steam, 
and will again flow into its proper refrigerator, to deposit the steam 
charged with another portion of the product in a liquid form. The 
gas will then pass into No. 3 chamber as before, and thence into 
No. 3 condenser, where is deposited the remaining ammonia and its 
compounds, together with a portion of sulphuretted hydrogen. All 
these liquid products are to be made to flow, as fast as they are 
deposited in the condenser, into a suitable receiver, sealed by an 
hydraulic joint to prevent the gaseous vapours and gas from return- 
ing into the condenser. From this last apparatus the gas will pass, 
freed from impurities, into the “lime machines” or purifiers, 
charged with dry lime, where it is divested of the remaining dele- 
terious gases — viz., sulphuretted hydrogen and carbonic acid, and 
proceeds thence to the gas holder, and lastly to the mains. 

The gas now purified goes into the gas-holder, and, in its transit 
to the mains, may be naphthalised if required ; for this purpose, 
apparatus may be employed similar to that described as the “am- 
moniacal filtering towers.” 

The fifth improvement is for avoiding the inconveniences which 
arise on opening the purifiers and removing the refuse lime from 
the sieves preparatory to recharging them with lime, and which is 
to be effected by causing atmospheric air, heated or otherwise, to 
be blown through the material employed for purifying the gas, and 
discharged through the furnace-bars or chimney-shaft, by means of 
a “ centrifugal bellows” or other suitable pneumatic apparatus, the 
blast-pipe being connected to the exit pipe of the purifier ; thus 
blowing out the contaminated air, &c., through the pipe by which 
the gas enters the purifying vessel^ an extra pipe and valve being 
attached to the entrance ana exit pipes for this purpose. 

Reference to the Engravings . 

Figs. 1 to 6 show the mode of setting and heating the retorts and 
regenerators: fig. 1, a sectional elevation, and fig. 2, a front elevation 
-—each figure shows one-half of a set of retorts ; fig. 3, a longitudinal 
section ; fig. 4, a plan of one of the retorts, showing the opening 
through which the flame rises ; fig. 5, sectional plan of the top re- 
tort ; and fig. 6, sectional plan of the regenerators. — Similar letters 
refer to simuar parts : — a, 6, c, retorts ; d, e,f regenerators, show- 
ing the plates k to increase the heating medium, over which the gas 
flows from the retorts ; p,p, the furnaces ; A, i, flues through which 
the flame rises from the furnaces, and, as indicated by the arrows 
between and over the retorts and regenerators, to the shaft, and /, 
the blow-holes. There is one regenerator to each retort, of the 
capacity of about two-thirds the latter. 

Fig. 7 is a vertical section of the “ mechanical precipitator,” and 
fig. 8, plan of the same ; a, a, perforated revolving fans, to agitate 
the gas in the chamber 6, 6, — the shaft is stepped into the lower 
chamber and passed through an inclined plane, d, d, under which 
the gas blows through the tar passing from the pipe x ; and adjoin^ 
ing is a chamber, e, containing a convoluted worm, or refrigerat- 
ing pipe, g, to cool the gas after escaping from the chamber 6, 
through the curved pipe/. To prevent the gas blowing through 
the aperture in the inclined plane where the shaft passes, the shaft 
is inserted in a pipe #, bolted to the inclined plane, being of an 
altitude sufficient to overcome the pressure of the gas ; and instead 
of the usual stuffing-box for the shaft, an hydraulic seal t, is used. 

The pipe is kept cool by a supply of water passing through the 
chamber e, by the pipe A, entering at the top and discharging by 
the pipe/. The pipes h and/, together with the chamber e, form a 
syphon ; the legs or pipes, h ana /, are furnished with cocks p, ta 
admit or cut off the supply of water. An air-pump is used to re- 
move the small quantity of air that may be in the syphon ; it hr 
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worked, as well as the agitating apparatus, by the descent of water 
flowing from the long leg of the syphon, which gives motion to a 
small water-wheel in connection with the bevel wheel, gearing, and 
band ; or they may be worked by a steam engine or other power. 
All the condensable products collected in the agitating chamber 
and refrigerating pipe g, flow through the pipe n, into the chamber 
c, and through the opening r, at the level of the dotted line, into a 
receiver. 

Fig. 9 is a plan, and fijp. 10 a sectional elevation, of the “ am- 
moniacal filtering towers, steam chambers, and condensers, com- 
bined in one apparatus. The gas takes the course indicated by the 
arrows in the towers 1, 2, ana 3, entering each at the bottom and 
out at the top, and thence into the steam chambers 4, 5, 6, under- 
going the steaming and condensing before explained ; a, a, steam 
pipes, with cocks to regulate the steam ; b, the entrance steam pipe 
from the boiler ; c, c, c, separate condensers, with the entrance and 
exit pipes ; d, the tank for the ammoniacal liquor, pumped up 
through the pipe e ; the tank has two divisional plates f f Axed to 
the top and sides, and descending to within a few inches of the 
bottom of the tank, and is sealed at the level of the dotted line by 
the liquid ammonia. 

To insure the gas flowing from one tower to the other, each has 
a pipe, g , connected with tne tank and rising in it to the height of 
the dotted line, at which level the ammonia flows through the pipe 

into its particular tower. 

Instead of the arrangement of the filtering towers, several per- 
forated divisional plates, n, as shown in flg. 11, may be adopted, 
the gas flowing from the tower into the chamber through the pipe 
w, in order finally to escape at the pipe y . 


REVIEWS. 


An Essay on the Air-pump and Atmospheric Railway ; containing 
formula and rules for calculating the various quantities contained in 
Mr, R, Stephensons report on atmospheric propulsion , for the Direc- 
tors of the Chester and Holyhead Railway Company, By William 
Turnbull, author of a treatise “On the Strength of Cast-Iron," 
&c. London : Williams. 1847. 12mo. pp. 96. 

The object of this excellent little treatise is a general exposition 
of the theoretical principles of atmospheric railways. TTiat the 
leakage of the main tubes of these railways involves a loss of 
power, is obvious to every one in the slightest degree acquainted 
with the subject ; but it requires much more than superficial know- 
ledge to estimate the precise amount of loss corresponding to a 
given rate of leakage. Mr. Turnbull has addressed himself very 
successfully to the task of substituting exact principles for general 
notions respecting the mechanical defects of atmospheric pro- 
pulsion. 

The first part of this work comprises a history of the air-pump, 
and demonstrations of several known formulae by which its effects 
are estimated. In the second part, these formulae are applied in 
detail to the case, of the Kingstown and Dalkey Railway. Not- 
withstanding the imperfect success of the method of substituting 
stationary air-pumps for locomotive engines, the subject is one of 
permanent interest to the engineer, on account of the number of 
beautiful scientific and mechanical problems which it presents to 
his attention. Considered merely as an instructive exercise, the 
theory of atmospheric propulsion deserves to be thoroughly mas- 
tered by every student of practical science. It is this consideration 
which induces us to give a brief sketch of Mr. Turnbull s method 
of investigation. 

When a train on the atmospheric railway has attained its uni- 
form velocity, it is obvious that, if there were no leakage, the 
pump-piston and the train-piston must both describe the same 
space in a given time — that is, the void made by the one in a given 
time must be filled up by the other. For example, if the relative 
diameters of the main tube and pump were such, that ten feet of 
the length of the former had the same cubic capacity as one foot 
of the length of the latter, the train-piston would travel ten feet 
while the pump-piston travelled one. Otherwise, if the pump- 
piston travelled at a greater relative velocity, the degree of 
vacuum would be raised, and the train accelerated ; if the pump- 
piston travelled at a smaller relative velocity, the degree of 
vacuum would be diminished, and the train retarded : and either 
case is contrary to the hypothesis of uniform velocity of the train. 

The exact relation, however, between the uniform velocities of 
the two pistons only obtains on the hvpothesis that there is no 


leakage. The principal problem is to ascertain the modification 
due to that detect of the apparatus. The requisite data for this 
investigation are obtained by the following experiment : — After 
the tube has been exhausted to a certain extent, the whole ap- 
paratus is suffered to remain quiescent, no train being dispatched. 
The leakage will then go on till the equilibrium of the air inside 
and outside tube be restored. By observing the rate at which the 
barometer-guage falls during the interval, we get — not the rate of 
leakage— ‘but data from which that rate may be calculated. 

The density of air is proportional to the weight, and therefore 
height, of the column of mercury. Take 30 inches as the 
height of mercury corresponding to the atmospheric pressure; 
then, if the barometer-guage of the exhausted tube show, for the 
pressure in it, a height equivalent to 10 inches of mercury (for 
example), the density in the tube would be to that of the external 
air as 10 : 30, or would be £rd the ordinary density of air. If, 
after the leakage has gone on some time, the barometer-guage 
show a height equivalent to 20 inches for the pressure in the tube, 
the density will be f£, or Jrds that of common air. The difference 
between the densities in the tube at the two respective periods is 
§rds-^rd (=^rd^ that of common air. Consequently, if the 
quantity of air wnich has entered the tube in the interval, be 
supposed to have diffused itself equably throughout the tube, that 
quantity is equivalent to the tube full of air at a density ^rd that 
of common air, or, which is obviously the same thing, one-third 
the tube full of common air. This reasoning applies generally, 
and gives this simple rule — that the cubic quantity of air admitted 
by leakage during any interval, is equal to the cubic capacity of 
the tube multiplied by the fraction expressing the difference of 
densities during that interval. (The barometer-guage is so gra- 
duated, that for the words, “fraction expressing the difference of 
densities" in the above rule, we may substitute, “difference of 
gauge-heights divided by 30.") 

If this quantity of air were divided by the number of minutes 
of the interval, tne result would be the rate of influx per minute, 
supposing that rate uniform. This method of investigation is, 
however, liable to an objection, which our author well states as fol- 
lows:— 

“ We have calculated for the extreme indications of the vacuum gauge, 
and divided by the number of minutes that elapsed during the observation, 
for the average leakage per minute. Now this method would be perfectly 
just, on the supposition that the quantity of leakage is constant, or of the 
same amount in equal times ; but the idea of a constant amount of leakage 
is altogether incompatible with what we know to take place, when air of 
atmospheric density is allowed to flow into a vessel containing air of a less 
density. Here it is obvious that the air in the vessel is continually ap- 
proaching to a state of equilibrium with that without, and consequently the 
velocity of influx is continually diminishing until the equilibrium obtains.” 

He then proceeds to 6how, that in those experiments on the 
connecting pipe of the Dalkey line, in which the heights of the 
gauge were taken every minute, though the successive differences 
of those heights for successive minutes were nearly equal, they do 
not indicate a uniform rate of leakage, but lead to the directly 
opposite conclusion, that the leakage was far more rapid at the 
beginning of the experiment than at its conclusion : and he then 
makes the following important remark in reference to Mr. Ste- 
phenson's report : — “ We are somewhat apprehensive that, by assuming 
a constant amount of leakage for the connecting pipe , some very er- 
roneous deductions must have been made ." 

“ But with regard to the valve tube the case is very different ; for it is 
easy to conceive that, as the longitudinal slot or aperture is covered with a 
flexible substance, this substance will readily accommodate itself to the 
pressure as the exhaustion goes on, and by thus diminishing the area of the 
aperture as the velocity of influx increases, a constant amount of leakage, 
or nearly so, may happen to be maintained : at all events, it is not incon- 
sistent with the maxims of accurate science, to admit that such may be the 
case, and it actually appears from experiment that the supposition is not far 
from the truth.” 

If it be conceded that the leakage of the connecting pipe is an 
avoidable evil, and may therefore be assumed to be wholly reme- 
died, we have very simple means of calculating the effect which 
the leakage of the main tube has on the velocity of the train. As 
the assumption of uniform leakage in this tube is somewhat dan- 
gerous, let the leakage corresponding to any proposed working 
vacuum be ascertained by a separate experiment with the barome- 
ter-gauge. We have explained how to calculate, from the fall of 
the gauge, the quantity of external air which enters the tube per 
minute. It may be calculated by very simple arithmetic wnat 
length of tube this quantity of air would by itself occupy, if dilated 
to the supposed working density. And that length of tube is the 
measure of the loss of speed of the train during the minute ; for 
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if there had been no leakage, the train-piston would have advanced 
that length further during tne minute. 

This is a brief and imperfect sketch of Mr. Turnbull's system. 
We must observe, however, that the results will agree only ap- 
proximately with actual practice. The fundamental hypothesis of 
uniform velocity of the train, is not unobjectionable : it is true that 
in calculating the motion of locomotive engines, the hypothesis 
trill lead to results of specific value ; but, on atmospheric railways, 
the distances performed with accelerated or retarded speed must 
bear so large a proportion to those performed with uniform speed, 
that the latter can hardly be considered the normal condition. 
There are other reasons ior concluding that calculations of the 
motion of trains on atmospheric railways cannot be exact. How- 
ever, the partial application of sound theoretical principles to 
practical subjects, of which a perfect theory is unattainable, is a 
most important advantage. The skilful research exhibited in Mr. 
Turnbull's treatise, is the more welcome for being applied to a 
subject which has, in a pre-eminent degree, suffered the martyrdom 
of parliamentary and newspaper philosophy. 


A Guide to the Proper Regulation of Buildings in Towns as a 
means of P)*omoting and Securing the Health, Comfort , and Safety 
Of the Inhabitants . By Wm. Hoskino, Architect and C.E. Lon- 
don : Murray, 1848. 

This work of Mr. Hosking evidently contains so much practical 
and useful matter that we do not like to dismiss it with a passing 
notice, but we intend to devote a little time to its consideration. 
Meanwhile, whatever opinion we may entertain with regard to 
some of its recommendations, we have seen quite enough of it to 
feel justified in recommending it to our professional readers. 


Earthwork Tables . By C. K. Sibley and W. Rutherford. 

The authors have published an appendix to these very useful 
tables, showing how the tables may be applied to side-lying ground, 
for which they give the following rule : — “ Ascertain the ratio of 
the area of cross sections of the side-lying ground to the areas of 
similar cross sections, that is with same height on centre line, of 
level-lying ground, and multiply by that ratio the complete quan- 
tity furnished by the tables.” 


The Antiquarian and Genealogists Companion . By William 

Downing Bruce, Esq., F.R.S.L. & E. 

This is a novelty for the antiquarian student, which will be very 
favourably received at the present season, as it contains many 
curious memoranda and an archaeological calendar for the year. 
The work is small— which may, perhaps, be an additional recom- 
mendation. 


LECTURES ON GEOLOGY^ 

By Professor Ansted. Delivered at King 1 ! College, London. 

On the Application of Geology to Engineering and Architecture, and the 
Supply gf Water to Towns and Cities . 

Professor Anstkd commenced his fifth lecture, by considering the ques- 
tion of drainage, more particularly with reference to general engineering, 
which depended, in many cases, very distinctly on the geological structure 
of the rocks. And it did so naturally, as, for instance, in an ordinary road, 
properly made, where the drainage would ultimately have reference to the 
structure of the material and to the rocks in the neighbourhood. With re- 
gard to geological structure, it might happen that the beds which came close 
to the surface would have a strong inclination ; and, in that case, where the 
beds were permeable, the road would be drained naturally, and, where one 
part lay on an impermeable bed, and the other on a material which suffered 
the water to percolate through it, an attention to geological structure would 
enable them to carry off all the water very satisfactorily. This would illus- 
trate the applicability of geological knowledge, even to common road mak- 
ing ; but that knowledge was still more directly available in the case of rail- 
roads, which, running through a long extent of country, involved the neces- 
sity of frequent and deep cuttings, in the execution of which drainage, as 
connected with structure and geological considerations, must always come 
in. Suppose, then, they were to take a transverse section of a railway cat- 
ting, similar to one of the diagrams exhibited — if the beds were horizontal, 
the two sides would be situated in a similar manner with regard to accidents 
arising from unequal pressure ; but if that were not the case, and the bank 


was composed of mud, clay, sand, or any slippery earth, in beds inclined to 
the horizon, some parts of the superincumbent mass would be more apt to 
slip down than others. Some strata would carry water, and others would 
allow it to drain through ; and if the road did not go directly on the strike, 
in which case there was no inclination as far as the purposes of the road 
were concerned, there would be a greater tendency to 11 slip” on the one 
side than on the other. Supposing the uppermost beds were composed of 
some heavy material resting upon a bed of sand, the rain, in draining through 
the sand, would wash it away gradually, and, a portion of the support being 
removed, the upper mass would naturally have a tendency to slide down 
upon the lower part. If once it began to slide, no matter how slowly — if 
the movement were only an inch per day, or an inch per month — any pre- 
ventive measures were too late, and there would be a slip sooner or later, 
and especially in heavy rains, or rains combined with frost. But before the 
superincumbent mass were set in motion, if by any means the water could be 
prevented from passing through the sand, it might be prevented. That was 
best done by cutting a drain on the other side, by which all the water which 
came on the surface might be carried off before it reached the sand. There 
would then be sufficient cohesion to prevent the upper part from being set in 
motion. 

A knowledge of geological structure, in making these cuttings, was ex- 
ceedingly useful, not only in preventing slips, but in reducing the cost of 
work. For instance, when the dip was in a certain direction, a slip was 
manifestly impossible, and in that case the slope of the bank might be very 
much steeper, and the expense of its removal saved. On the continent, it 
was not unusual in cuttings to make the banks in a succession of terraces ; 
but, in this country, that plan, though exceedingly useful, was scarcely ever 
adopted. It was, however, being partially tried at New Cross, a place where 
much mischief had been done by slips, and he believed with a prospect of 
success. That was, however, a plan which could not be carried out without 
a reference to geological science. 

On the subject of embankments the same principles of drainage were ap- 
plicable, though another element of construction was brought into action. 
If a large mass of material were heaped in a particular way, it might be per- 
fectly safe, and answer the pnrpose intended very well ; while if it were 
placed in a different way, mischief would arise. The structure of embank- 
ments ought also to be regulated by the nature of the rocks on which they 
rested, as well as those of which they were formed ; and although, as yet, 
few accidents had arisen, engineers might find it worth while to pay atten- 
tion to this subject. Again, if an embankment was placed on a hill side, 
there ought to be particular adaptation to the way in which the beds lay. 
If a heavy pressure were put upon beds so situated, which had already a 
tendency to slip, that tendency would be increased, and, unless attention 
were paid to the drainage, serious accidents would inevitably occur. The 
kind of draining required was much of the character of that necessary in 
ordinary roads — namely, by cutting off springs which had a tendency to run 
between bands of impermeable rock. 

The subject of canals, and the way in which they were affected, introduced 
another element. In making canals, the engineer would constantly have to 
cut across springs, and through some strata which allowed water to percolate, 
and through others which actually produced water. In going across a dis- 
trict where there was .much leakage, it was necessary to have a perfect 
knowledge of the nature of those rocks which yielded water and abounded 
in springs ; and of those strata and substances which were impermeable. On 
such circumstances depended many great practical difficulties in the con- 
struction of canals. It was a remarkable fact, that Mr. William Smith, who 
flourished about a century ago, and who was called the father of English 
geology, was himself a mining engineer, and first observed the geological 
structure of the country, as it affected the formation of canals. His life, 
lately published by Professor Phillips, his (the lecturer’s) predecessor at 
King’s College, would be found very useful and interesting, as it regarded 
the practical application of so much of geological science as was known at 
that day. In the life of Smith would be found some account of the con- 
struction of canals in his day, then as important as railways were now. They 
would see how he brought his knowledge to bear upon the problems at issue, 
and in that way they might themselves learn how to apply a great deal of 
that knowledge of geology which they might possess. 

Supply of Water. — The Professor next treated of the supply of water as 
an engineering subject, apart from the supply obtained from land* springs, or 
small Artesian wells, considered hitherto on a comparatively small scale, and 
rather with relation to agricultural purposes than engineering. The subject 
of drainage and water supply was, perhaps, connected as much with archi- 
tecture as engineering ; but, when be had discussed its relations to the one, 
it would scarcely be necessary to touch upon the other. 

With respect to the supply of water, the Professor thought he could not 
do better than give them a short outline of what had been done lately with 
regard to the large and most important town of Liverpool, which had been 
noted, for some time, as a place which was badly supplied with water, and 
had been more remarkable than any other town in England, for the pre- 
valence of fevers, the more than average illness of its inhabitants, and the 
short duration of life in the major part of it. The members of tne corpora- 
tion appeared very anxious to do all in their power to remedy that which 
was certainly one source of those evils— namely, the deficiency in the supply 
of water. Accordingly, they resolved to obtain an Act of Parliament, em- 
powering them to adopt some measure, which should give the town a larger 
quantity of that important element. The town was situated on the new 
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sandstone, and had hitherto been supplied from wells sank into that stratum, 
which consisted of a red sand rock, sometimes very soft, sometimes rather 
hard, intersected with occasional bands of marl, very much faulted with large 
and continuous veins, often filled up with clay, and many of them completely 
impermeable. The new red sandstone rested upon coal measures, and cer- 
tainly contained a great deal of water, which was absorbed from the imme- 
diate surface, or drained into it from the hills in pretty large quantities, of 
which the actual limits were ascertainable, since they knew how much fell 
from the clouds, and how much was evaporated ; and they could calculate 
how much was lost by drainage into the rivers. The supply thus obtained 
was found to be very insufficient for the necessities of the town, and it was 
supposed that the quantity could not be materially increased from this 
source. This point, however, had to be decided upon by reference to the 
structure of the district, and by calculating whether they got all the available 
water of the district, or only a part, and it turned out that the latter was the 
fact. The mode in which this water was obtained was by wells, with hori- 
zontal galleries at their bottoms, to allow the admission of a large quantity 
of water, which was then pumped to the surface. The water obtained from 
the new red sandstone contained oxide of iron and some salts of lime and 
magnesia, which made it exceedingly hard, and ill adapted economically for 
many useful purposes connected with the manufactures of that neighboui - 
hood, and in all operations in which soap was required. It was very good to 
drink, but unfit for other domestic purposes. The question was, whether a 
sufficient supply, even of this water, could be obtained from the district ? 
The proprietors of the wells attempted to show that an increased quantity 
could not be obtained. It was to their interest that that should be the case, 
and they very naturally believed that it was so — consequently, they opposed 
all measures, the object of which was to obtain water from any other source. 
The corporation gathered all the information that could be obtained locally, 
and then called upon several scientific men for their opinion ; and it is a fact 
of great interest, as illustrating the present practical position of geology, 
that it was thought necessary to have the opinion of persons, more noted 
for their geological knowledge than for simply a practical acquaintance with 
engineering. Professor Phillips was first invited to give his attention to the 
subject, but was prevented from doing so by his engagements with the Go- 
vernment. He (Professor Ansted) was then applied to, and after close ex- 
amination and full consideration, he came to the conclusion that a sufficient 
supply could not be obtained from the new red sandstone formation, he 
being of opinion that, though a somewhat larger quantity might be had of 
the water which fell on the district, yet that would not be nearly enough for 
the requirements present and prospective of a town like Liverpool. What was 
next to be done ? Then came in that admixture of engineering with geolo- 
gical science, now necessary indeed to every engineer, who wished to do his 
work satisfactorily, and with the consciousness that, whatever the result, 
every means had been adopted which the circumstances of the case would 
allow. The engineers looked about the neighbourhood far and near, their 
object being to discover where the necessary supply was to be found. One 
scheme, which met with considerable favour at first, was to take the water 
from the Bala Lake, in North Wales, and convey it to Liverpool, a distance 
of 60 miles, by closed canals. Great natural obstacles, however, intervened, 
and it was found that this plan involved an enormous expense, with the 
chance of incurring still greater outlay in overcoming several of those natural 
obstacles, which could not be well estimated until the work was attempted. 
This scheme, after exciting much discussion, was at length abandoned, and 
the engineers began to look nearer home. After again considering the supply 
from the wells, and again convincing themselves of its utter inefficiency, they 
found they must resort to other means, and thus originated the somewhat 
celebrated Rivington Pike scheme. The Rivington Pike district presented a 
hilly surface of 17 square miles, admirably adapted by nature for such a 
project. The plan pursued in this case was to take the district and measure 
its area of drainage, then to estimate the quantity of water that could be ob- 
tained from it, and, finally, to consider how the water might be best accumu- 
lated. This was a beautifully scientific problem, perfectly practical indeed ; 
but one which had rarely, if ever before, been tried to the extent now pro- 
posed. First of all, they had to see whether the quantity of water would be 
sufficient ; and this was effected by accurately marking the water shed, ob- 
serving where all the rills and streams could be caught conveniently, and, 
when caught, considering whether they could be conducted into some sound 
and sufficient reservoir. The model on the table, which was an accurate re- 
presention of the district, would show that all those points were readily at- 
tainable. The drainage was regulated by the shape of the country, and it 
might be seen either by the Ordnance Map, a contour map, or a model. In 
this case, he was able to exhibit a model, which was the best ; but the 
Ordnance Map was the guide originally used. Having then found the area, 
the question whether it would yield a sufficient quantity of water to supply 
the town of Liverpool was next to be decided. This calculation involved a 
considerable amount of knowledge of geological structure. It was easy to 
tell how many inches of rain descended from the sky on a certain space and 
in a given time ; and they had only to multiply that by the whole area in- 
tended to be drained, and they would have the exact quantity which fell 
upon the whole. That was simple enough ; but they bad then to ascertain 
what was the nature of the surface on which the water alighted ; for if it 
were permeable, as sand, for instance, it was obvious that a large proportion 
would be absorbed and lost ; or, if there were many hollows, the water 
would lie in them and evaporate. These and other geological considerations, 
had all to be well considered 5 but geological science showed that the dis_ 


Met, being composed of the bed of hard sandstone, called millstone grit, 
partially covered over with shaley beds belonging to the coal measures, the 
whole of it might, for practical purposes, be regarded as impermeable. The 
sandstone rock, oftentimes very soft, was here very hard, a good deal faulted 
but not open — so that it would allow almost the whole of the water to run 
off the surface. The consequence was, that almost all the rain that fell ran 
into the streams, which a further examination showed might be readily col- 
lected into two principal reservoirs on the side of the district nearest to 
Liverpool, which would be 24 miles distant. The natural valleys, in which 
it was intended to place these reservoirs, had, no doubt, held water before, 
as the bottoms were covered with fresh water silt. There were also beds of 
alluvial clay — an additional indication that a considerable quantity of fresh 
water had at some period been there. By means of two or three embank- 
ments, these lower districts would thus accumulate that water, which the 
structure of the upper districts allowed to run off. The whole of the rain 
which falls upon an area of 47 square miles would thus be collected, produc- 
ing a supply of 20,000,000 gallons per day, sufficient for the town of Liver- 
pool were it twice the size, and also for the supply of a more useful and 
economical article to the mills, bleach -works, and other works in the neigh- 
bourhood. Here advantage was taken of the peculiar natural circumstances 
of the district, to make the minimum quantity of surface produce the mori- 
mum amount of water ; but which could never have been accomplished, but 
for a distinct geological knowledge of the structure of the district. Had it 
not been for a practical application of geological science, that on a certain 
description of stone the whole of the water would run off, the selection of 
the Rivington Pike district would never have been made, and the probability 
was, that Liverpool would have remained for a much longer period suffering 
from the want of a sufficiency of so vital a fluid. This was a remarkable in- 
stance, in which a knowledge of structure had been applied to superficial ob- 
jects of this kind. 

The Professor dismissed the subject of draining by explaining the nature 
of the operation of a newly-invented draining pipe (Watson's draining pipe), 
which was remarkably effective. It was cylindrical, with a great number of 
longitudinal slits, which were wider inside than outside, and thus counter- 
acted any tendency to clog. These pipes were most useful to insert in beds 
of clay, and, even after a considerable length of dry weather, might be seen 
giving out water very plentifully. This efficient draining caused the beds to 
contract and crack, and, by thus making openings for the water, rendered 
the draining perfect. To the proper use of these pipes a knowledge of the 
dip of the beds was indispensable. 

The next subject was connected with materials as required for various 
engineering operations , and used for a vast number of economical purposes . 
These he would divide in the same manner as he had divided the various 
rocks, and he should commence with the clays. 

Clay was either mixed with limestone or with sand, in various proportions, 
and was a very important material. All clays contained alumina, but a con- 
siderable number of materials existed, some known by the name of clays, 
and others, though belonging to the class, not recognised by the general ap- 
pellation. Of clay, properly so called, there were several distinct kinds. 
One was the clay found in the shape of subsoil, chiefly used for agricultural 
purposes. In this case it consisted, not only of silicate of alumina, the base 
of all clays, but of limestone, magnesia, potash, iron, &c., and was none the 
worse for a little phosphorus ; while it contained also a quantity of carbon. 
This admixture was indispensable for vegetation ; but for “ materials” clays 
were better without these foreign substances. The most common clay con- 
sidered as a material was known by the name of brick clay ; it was a silicate 
of alumina, with a certain amount of free sand in very variable quantities, 
which might, however, be easily determined by washing. A good brick clay 
should consist solely of these materials, without lime or potash, and if the 
free sand was not in sufficient quantities, it must be mixed with it to make 
it work; and, generally speaking, the purest, in the common sense of the 
word, was the best for making bricks. The clay derived from the decom- 
position of some of the old rocks was particularly valuable, and that derived 
from the decomposition of slate was generally most pure, and was useful, in 
certain districts, in the manufacture of fire-bricks . The best kinds were the 
purest, and contained neither alkalies nor salts, either of which make it run, 
in the great heat to which it was subjected in the furnaces. The presence 
of such substances helped the action of the fire, and the surface of the brick 
would be turned to glass. Pure clay and sand was thus the best for fire- 
bricks, and it was obtained, as he had observed, from slate. The London 
clay, one of the tertiary series, was for the most part tolerably well adapted 
for bricks — indeed, all London was built of it; but it was not well suited for 
the making of fire-bricks, though it possessed many separate portions that 
were so. The mischievous ingredients might indeed be separated, but gene- 
rally it was not worth the trouble and expense, as there was no great diffi- 
culty in obtaining clay for fire bricks. 

Pipe-clay or potters' clay, another of this class, was used in the manufac- 
ture of the rougher kinds of earthenware. This was a most useful material, 
and did not require to be so carefully selected as that used for fine pottery 
and porcelain. It contained a considerable quantity of water, and it was 
unctious and soapy to the feel. It was necessary for the {purposes of the 
potter that it should contain a considerable quantity of water, which usually 
amounted to 18 per cent. It did not contain sand; but it usually had about 
1 per cent, of oxide of iron, and a small quantity of lime. The chemical 
composition of materials 0 1 this kind, however, was not very accurately as- 
certained, as they were for the most part accidental mixtures, and were apt 
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to vary in different localities. Pipe* clay was obtained from beds situated in 
the midst of other clays, and they appeared to form a band of finer material 
associated with the coarser clays. There was a great deal of this clay fonnd 
at Paris, where it was called argils plastique. The lower beds of the London 
clay were also described as plastic clay ; but they consisted, for the most 
part, of gravel or pebble beds, for which that was not at all a proper name. 
Still, some of them contained this material. 

Fuller*' earth was another and a finer kind of clay, used in the fulling of 
cloth, on account of its power of absorbing grease readily from woollens. It 
contained an unusually large quantity of silica, as compared with the ordinary 
pipe-day, the proportion of the latter being 43 per cent, of silica, and 33 of 
alumina; while that of the former was — silica, 53 ; alumina, 10; the other 
parts being made up of iron (about 9} per cent.), magnesia (1 per cent.), 
and water (24 per cent.). Fullers' earth was derived from the Weald clay 
at Nutfield, in the neighbourhood of Reigate, and from the lower part of the 
oolite rocks in Wiltshire. In each case there was a considerable variation 
in the colour, occasioned by the condition of the oxide of iron ; but the 
texture was the same, and the colour was a matter of very little conse- 
quence. 

Porcelain clay was another important material. This was derived from 
decomposed felspar, obtained generally from gneiss, or granite. It was the 
purest of all the day rocks, being a pure silicate of alumina, consisting of 60 
per cent, of silica, and 40 of alumina. A large quantity (8,000 tons annually) 
of the finer kinds was obtained in Cornwall by artificial washing. Besides 
this, upwards of 25,000 tons of the coarser kinds was obtained from beds 
formed by the natural washing of the rains. The decomposed felspar was 
mixed with water in the artificial process, and moved along at a certain velo- 
dty, when the whole was gradually deposited in the shape of porcelain day. 
The coarser parts were deposited first, when the mass moved most rapidly ; 
next, the finer parts, as the mass moved slower ; and, lastly, the finest of 

There were other clays worthy of notice, as, for instance, the ochre*, red 
and yellow, the colour being decided by the condition of the oxide of iron, 
which was present in them in considerable quantities. These, however, 
were not important as materials. 

From some days, the substance called alum was derived ; but that, like 
the ochres, was not an important material, geologically speaking, although 
interesting from the chemical process by which it was obtained. The talented 
lecturer concluded by briefly describing this process. 


PROCEEDINGS OF SCIENTIFIC SOCIETIES. 

ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

Nov . 29. — A. Poynter, Esq., V.P., in the Chair. 

The Secretary read the Report of the Committee appointed to examine 
the design submitted by the Cavalier Nicolb Matas for the completion of 
the western front of the Cathedral at Florence. The report expressed in 
general terms an approval of the design ; and stated that the architect has 
shown judgment in adopting the style of the other parts of the exterior — 
thus seeking to complete* the noble edifice in one congruous character, in 
harmony with the Campanile and the Baptistery. By this unity of senti- 
ment, the design for the western front appears a consistent and integral 
part of the structure. 

A paper was read by J. Gwilt, Esq., entitled, 44 Some discursive Remarks 
on Pointed Architecture , in relation to its Symmetry and Stability .” 

The essay was of considerable length, and traced in a general way the 
origin of Gothic architecture. Mr. Gwilt stated that of a great number of 
writers on that subject whom he had consulted, he found that twenty were 
of opinion that it originated in Germany, fourteen that it was of Eastern or 
Saracenic origin, six that it arose from the hint suggested by the intersec- 
tion of Norman arches, four that it was the invention of the Goths, and 
three that it arose in Italy. Mr. Gwilt was of opinion, with M. Michelet 
( 4< Histoire de France”), that when the power of the Church diminished 
about the year 1200 under Innocent III. the arts, particularly architecture, 
fell into lay hands to a considerable extent ; that the impetus thus given 
changed its character ; and that in the hands of the lodges of Freemasons 
which then arose Gothic architecture and all its developments were origi- 
nated and taught. By the aid of diagrams and drawings the gradual 
growth of the fine forms of Gothic architecture were developed and its 
principles explained ; the leading fact seeming to be that the number of 
sides in the polygonal apsides of the cathedrals was the governing number 
for all the parts of the plan and even the details of the architecture. 
Many curious instances of these analogies were given. Mr. Gwilt com- 
batted the 44 Yesica Piscis” theory, as well as the vagaries, as he called 
them, of the symbolists. 

A communication was read from E. I'anson, relative to some mural paint- 
ings discovered by him in the church of Lingfield, in Surrey. These 
paintings, fac-similes of which were exhibited by him, represented draped 
figures, about three feet in height, on a diaper groundwork, and appeared to 
have been executed in distemper. They hiul at some period been covered 


over with whitewash; on which the Commandments and scriptural texta 
had been inscribed. 

Dee. 13. — S. Anobll, Esq., V.P., in the Chair. 

A paper was read 14 On the Principle* and Practice qf Building Sewers 
By E. I'anson, jun., Fellow. 

The intention of the author was to show that sewers might be effectually 
constructed with a moderate fall ; that no one form of section is applicable 
under all circumstances, but that no form should materially depart from that 
of the semicircular invert ; that all main sewers should be of sufficient al- 
titude to allow a man to pus through ; that no impediment should be offered 
to the continuous flow by cross streams or accumulating deposits ; and that 
cleansing by “flushing” is an efficient means of removing the silt and other 
matters in the sewers. Mr. I'anson particularly alluded to the necessity of 
all sewers being of sufficient, but not of more than sufficient, sectional area 
to contain the greatest quantity of water that may at one time have to pus 
off— or that, u in the cue of districts below the level of high water, they 
may have at one time to contain. In reference to the idea of constructing 
sewers of small size and removing the contents by continued pumping, Mr. 
I'anson remarked, that u the pumping power should be at all times equal 
not only to discharge the average quantity of water, but also that of the 
greatest quantity which may at any time be required* to be passed off, it was 
obvious that there would be an enormous continued wute of power at a 
cost more than commensurate to the saving effected by constructing the 
sewers of smaller size. 


SOCIETY OF ARTS, LONDON. 

Nov. 10. — Thomas Webstar, Esq., F.R.S., in the Chair. 

The Secretary read an address on the opening of this the 94 th Session of 
the Society. 

Mr. J. Cundall read a paper 44 On Ornamental Art as applied to Ancient 
and Modem Bookbinding ." 

The author commenced by stating that the earliest records of bookbinding 
prove that the art has been practised for nearly 2,000 years ; previous to 
which time, books were written on scrolls of parchment. Some inventive 
genius, however, to whom the Athenians erected a statue, at length found 
out a means of binding books with glue : the rolls of vellum, &c., were cut 
into sheets of two and four leaves, and were then stitched somewhat as at 
the present day. Then came the necessity for a covering, The first book- 
covers appear to have been made of wood, probably merely plain oaken 
boards, which were afterwards succeeded by valuable carved oak bindings ; 
these were followed by boards covered with vellum or leather, and specimens 
of such of great antiquity still exist. The Romans carried the art of book- 
binding to considerable perfection, and some of their public officers had 
books called 41 Diptycks,” in which their acts were written. An old writer 
says that about the Christian era, the books of the Romans were covered 
with red, yellow, green, and purple leather, and decorated with silver and 
gold. In the 13th century some of the gospels, missals, and other service 
books for the use of the Greek and Roman churches, were covered in gold 
and silver ; some were also enamelled and enriched with precious stones and 
pearls of great value. In the 15th century, when art was universal, such 
men as Albert Durer, Raffaelle, and Guillo Romano, decorated books. The 
use of calf and morocco binding seems to have followed the introduction of 
printing, and there are many printed books bound in calf with oaken boards 
about the 15th and beginning of the sixteenth centuries ; these are mostly 
stamped with gold and bhud tools: the earliest of these tools generally re- 
present figures, such as Christ, St. Paul, coats of arms, &c., according to the 
contents of the book. In the reign of Henry VIII., about 1538, Grafton, 
the printer, undertook to print the Great Bible, for which purpose he went 
to Paris, there not being sufficient men or types in England ; he had not, 
however, proceeded far when he was stopped in the progress of this 41 he- 
retical book,” upon which he returned to England, bringing with him presses, 
type, printers, and bookbinders, and finished the work in 1539. Henry VIII. 
had many books bound in velvet, with gold bosses and ornaments ; and in 
his reign the stamping of tools in gold appears to have been introduced. In 
the reign of Elizabeth, some exquisite bindings were done by embroidery, 
the queen herself working the covers with gold and silver thread, spangles, 
&c. Count Grolier seems to have been a great patron of the art on the 
continent, and all his books were bound in smooth morocco or calf orna- 
mented with gold. The style of the books of Maioli was very similar to 
that of Grolier, or those of Diana of Poictiers, the specimens done for her 
being among the finest ever produced, and were no doubt designed by Petit 
Bernard. Rogar Paine was the first Englishman who produced a really good 
binding, and some of his best works, such as French romances, were pow- 
dered with the fleur-de-lis. His books on chivalry had suitable ornaments ; 
on poetical works he used a simple lyre, and carried the emblematical style 
of binding as far as emblems ought to be used. The following bill of his 
for binding a work is a curiosity, and shows how moderately he charged : — 

44 Vaneria prodium Rusticum, Parisiis, mdcclxxiv. 

44 Bound in the very best manner in the finest green mo- 
rocco, the back lined with red morocco. Fine drawing- 
paper and very neat morocco joints inside. Their was a 
few leaves staind at the foredge, which is washed and 
cleaned .. .. .. •• •• 006 
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“The subject of the book being Rusticum,’ I have ven- 
tured to putt the Vine Wreath on it, I hope I have not 
hound it in too rich a manner for the book. It takes up a 
great deal of time do these Vine wreaths ; I guess within 
time I am certain of measuring and working the different 
and various small tools required to fill up the Vine wreath, 
that it takes very near 3 days' work in finishing the two 
sides only of the book — bet I wished to do my best for the 
work, and at the same time I cannot expect to charge a full 
and proper price for the work ; and hope that the price will 
not only be found reasonable but cheap . . . . 0 18 0" 

Of the binders of the present century, the following deserve to be men- 
tioned with respect — viz., Mr. Mackenzie, Mr. Clarke, Mr. Bedford, and Mr. 
Hayday ; the bindings by the latter consist almost invariably of adaptations 
and modifications of ancient examples. Among the many splendid speci- 
mens of his work exhibited, that of “ the Sheriffs of Shropshire," in impe- 
rial folio, deserves special notice, as being enriched with the armorial bear- 
ings beautifully coloured. The binding is of blood-coloured morocco, ex- 
tending an inch and a half all round the inside of the cover, on which is 
stamped a bold, open border, tooled in gold. 

The author, after alluding to the numerous specimens of modern bindings 
which have of late been produced to the public, and regretting their want of 
originality, concluded by urging the necessity of attempting something ori- 
ginal and suitable to tbe advancing and improving taste of the time. Then 
we may hope that ere long ornamental art in bookbinding will be wedded to 
our present perfect execution, and that the 19th century will be able, like 
the 15th, to boast of a stvle of its own. 

Mr. H, Colk, assistant keeper of the Public Records, exhibited a number 
of very curious and beautiful specimens of bookbinding, among which was 
one containing the deeds relating to Henry the Seventh’s Chapel at West- 
minster, in which the monks undertake to pray for the soul of its founder as 
long as the world is. 

Nov. 17. — W. H. Bodkin, Esq., V.P. in the Chair. 

The first communication read was by Mr. Briant, on his “ Plan for over- 
coming the difficulties qf a Break qf Gauge, and qf Uniting the Broad and 
Narrow Gauge Railways.” 

Mr. Briant commenced his paper by pointing out the difficulties which 
had arisen from tbe adoption of the two gauges in this country, and the 
objections which have been urged against the various plans — viz., the tele- 
scopic axles for the wheels $ the shifting of the carriages from one gauge on 
to that of another ; laying down double lines of rails ; Ac. He then pro- 
ceeded to describe his own plan, which is as follows : — At the point of junc- 
tion of the two gauges, a platform is to be fixed in the centre of tbe rails ; 
the carriages are then to be placed upon wheels, the two ends of the axles 
of which are to be made as male screws ; on tbe centre of the axle a pinion- 
wheel is to be fixed, and under it attached to the frame of the carriage a 
lever, upon the upper side of which is a rack, and at the lower end an anti- 
friction roller. The nave of the wheels is to extend under the carriage in 
the form of a female screw, to receive the axles. By this arrangement, 
while the train is travelling on the narrow gauge, the wheels would be 
screwed up to the required width, the racked lever hanging loosely under the 
pinion-wheel, and the axle would torn with the wheels ; but when the train 
reached the point of junction, the lever would be caught up by the platfonn 
(which is to be 40 yards long), and with it the rack. Tbe axle would thus 
be prevented from turning by the pinion-wheel and rack, and the wheels, 
from the weight of carriage, passengers, luggage, Ac. pressing upon them, 
would immediately begin to unwind the screws, which, by the time the car- 
riage has reached the other end of the platform, will have extended the 
axle to the required width— tbe lever would drop and free the pinion-wheel, 
and the axle would then tarn with the wheels as before. The wheels are 
kept in their position when unwound by coupling-rods. In backing the 
train, the screw is prevented from acting by means of a stop fixed to the 
carriage and blocking the axle. A working model was exhibited. 

The second paper reed was by D. J. Hoars, Esq., “ On a Railway Tele- 
graph and Alarum , to be used as a means qf Communicating between the 
Guard and Driver of Railway Carriages .” 

The plan proposed is that a series of rods should be passed through the 
carriages of a train, and united at their extremities by a telescope-joint, so 
as to allow of extension and contraction : the rods being made with a uni- 
versal joint, admit of a rotary motion,— the only motion which a railway 
train has not. At the end of the rod on the guard’s carriage is a crank, 
which, when the rod is turned, comes in contact with a hammer, and causes 
it to strike a bell. A signal is then to be raised, indicating the carriage from 
which the signal is made ; the guard will then immediately ascertain whether 
it is necessary that the train should be stopped, and if so, by turning the 
rod in the reverse direction to what the person signalling had done, will 
ring another bell at the driver’s end of the train, or sound the whistle of the 
engine. — Mr. Hoare stated that it is immaterial what the curve of the rail- 
way may be, as the universal joint admits of the rod varying from a right 
line. It would also act in case a carriage got off the line, or even on to the 
buffers of tbe carriage preceding it. 

Nov . 24. — T. Webster, Esq., F.R.S., V.P., in the Chair. 

Tbe first communication read was on Mr. Dutton's “ Railway Communi- 
cator .” 

Mr. Dutton proposes that a small metal pipe should be fixed in some 


convenient part of each railway carriage, and connected at its extremities 
with the carriage preceding and following it by means of a short length of 
vulcanized india-rubber tubing and a kind of bayonet fastening ; at the end 
of the tube, near to the guard’s seat, a whistle is to be fixed, which will be 
capable of being sounded by the passengers on their blowing into a small 
branch tube, to be fixed in each carriage in connection with the metal pipe. 
A model was exhibited. 

The second communication was by Mr. F. Brothers, “ On Ms plan for 
forming a Communication between the Passengers , Guards , and Drivers of a 
Railway Train.” 

Mr. Brothers proposes, by means of a fly-wheel, to be worked by the 
rapid current of air passing through it, to set in motion a multiplying power 
which shall work a small air-pump, and compress air into a chamber in con- 
nexion with which two whistles shall be fixed ; one of these the passengers 
are to be capable of sounding, by allowing the compressed air to escape. 
The second whistle is to be of a different size and sound, and entirely under 
the control of the guard, and only to be used when it is necessary to stop 
the train. 

The third paper was by Mr. E. E. Allen, on his means of effecting a simi- 
lar communication. 

Mr. Allen proposes to make use of electricity as a means of sound- 
ing the steam whistle. Galvanised wires are to be carried along each of the 
carriages of a train, and the electric circuit is to be completed by the use of 
galvanised coupling chains, which, so long as the circuit is complete, mag- 
netises a piece of soft iron and holds a detent attached to the steam-cock ; 
but whenever the circuit is broken, the iron is demagnetised, and the detent 
allowed to go free, upon which the steam escapes, and the whistle thereby 
sounded. 

The fourth paper read was by Messrs. Brett and Little, on their method 
of forming a similar communication. — In this plan, as in Mr. Allen’s, it is 
proposed to use an electric current, the circuit of which is to be completed 
by means of wires and chains, but is to act only when the circuit is com- 
plete, when a bell is rung. 

Dec. 1. — W. Wyon, Esq., R.A., in the Chair. 

Five specimens of “ Painting on Glass,” by M. De Ron, of Munich, 
were exhibited.— The Secretary stated that the colours used by M. De Ron 
are peculiar, and the method of preparing them known only to himself, and 
which colours are glasses of different degrees of hardness, care being taken 
in using them never to put a harder upon a softer metal. He also uses both 
sides of the glass, which enables him to obtain clearness and decision of 
colour. 

Mr. Hall offered some remarks on the history of stained glass, and ex- 
hibited soveral specimens of modem manufacture. 

Mr. S. Moulton exhibited a model of an “ Iron Truss Railway Bridge,” 
the invention of Mr. Rider, of New York. — The peculiarities of this bridge 
are its simplicity, lightness, and strength. The directors of the New York 
and Harlem railroad have erected a bridge on this principle, the span being 
70 feet, and having a double track or roadway upon it ; the entire weight of 
metal used in its construction was 13 tons, while its cost was under £500. 

A paper was read by Mr. Archer, “ on Engraving with reference to 
Monumental Brasses and Incised Stones .” 

Tbe author commenced by referring to tbe very early period at which the 
art of engraving appears to have been known and practised by the lapidary 
and goldsmith, and tbe probability that those to whom the art was known 
were subject to a precise code of laws and connected with the priestly office, 
these laws having the effect of regulating the productions according to a 
given standard set up by the heads of their order ; thus giving a singular 
uniformity to the numerous examples of antique art, whether in painting, 
sculpture, or engraving. After alluding to the Egyptian, Etruscan, Greek, 
and Roman specimens of engraving, and their similarity and common origin, 
he proceeded to point out the various purposes to which the art of engrav- 
ing on brass was employed, such as tbe representation of geographical dia- 
grams. In the time of Herodotus, edicts and public records were sometimes 
inscribed on brass tablets, a striking instance of which occurs in the preser- 
vation down to the present time of the will and acts of the emperor Augus- 
tus. Having touched upon some few instances of the ancient practice of 
the caleographic art, the author proceeded to detail some particulars of that 
process as it appeared at the general revival of art during the middle ages. 
In the 8th century, by a law of Kenneth, king of Scotland, it was enjoined 
that a cross should be put on every gravestone— t. e, coffin-lid ; and thia 
appears to have been done in three ways:— 1st. By the use of incised linea 
drawn around the object. 2ndly. By producing tbe form in low relief. 
3rdly. By a wholly excised figure. — The use of sepulchral brasses appears to 
have originated with the general revival of art in the 13th century, one of 
the earliest specimens being that of Sir Roger de Trompington, who died in 
1289. The brasses of tbe 14tb and 15th centuries contain, besides the effi- 
gies of warriors, churchmen, ladies, and civilians, many examples of beau- 
tiful decoration, derived from the architectural practice of the time. Diffe- 
rent combinations of the letters I.H.S., composing the sacred monogram, 
appear in the brasses of the 15th and beginning of the 16th centuries. In 
tbe 16th century, at the time of the Reformation, these sacred monuments 
appear to have become obnoxious, and were accordingly swept out of the 
churches with an unsparing hand — few (comparatively) having escaped de- 
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itruction : of some of these, however, the author produced rubbings ; and, 
having traced the history down to the 19th century, and referred to the 
latest of that period (prior to those produced under his own direction), he 
proceeded to urge the desirableness of possessing as a nation a complete 
collection of the rubbings of the brasses of this country, as illustrative of 
the costume and history of bygone times, and the propriety of such a col- 
lection being deposited in the British Museum. The author then concluded 
his paper by calling attention to the cartoons of several monuments recently 
executed by himself, by a new prooesss of working on brass, and which he 
promised to communicate to the Society at an early period. 

Dec. 8. — T. Hoblyn, Esq., in the Chair. 

Mr. H. Cols made some remarks in reference to Mr. Archer’s paper on 
sepulchral brasses and incised stones, read at the last meeting. He observed 
that about ten years since the study of brasses re-commenced in this coun- 
try. During that period, however, almost all that is known respecting the 
brasses has been exhausted, and several works have been written on the sub- 
ject; so that there is scarcely anything to find out, unless the brasses happen 
to lay under pews or in parts of the ehurches which at present are concealed. 
The most remarkable have been published by the Cambridge Camden So- 
ciety, and on the walls are exhibited engravings from a book of great excel- 
lence by Waller : others have also paid attention to the subject. The ordi- 
nary process of obtaining rubbings is as follows : — A sheet of paper is laid 
upon the brass, and kept in its position by weights ; it is then rubbed over 
with a composition known as heel-ball. By this means, the whole of the 
paper where the brass under it is not cut away becomes blackened, while the 
incised lines remain the colour of the paper. In some cases, a kind of 
bronze composition is used upon a black paper, and by this means as nearly 
as possible a facsimile of the brass is obtained. The most important brasses 
to be found in London are in Westminster Abbey, St. Helen’s, Bishopsgate, 
Allhallows, and St. Andrew’s Undershaft. Passing out of London, the 
nearest churches where any remarkable brasses are to be found are, Willes- 
den, Harrow, South Minns* St. Alban’s, Broxbourne, Cheshunt, Roystead, 
Chigwell, Windsor, Stoke-Pogis, Taplow, Westerham, Penshurst, and Cob- 
ham. 

Mr. Hall made some remarks relative to the history of copper-plate en- 
graving, and the probability that it grew out of the art of engraving monu- 
mental brasses. 

Mr. Slocum exhibited two ploughs, a scythe and cradle for reaping corn, 
a grass scythe, three spring tempered manure and hay forks , a cast-steel hand 
hoe, and an American axe. He stated the peculiarity of these implements 
to consist in their lightness, cheapness, and durability, thus enabling the 
agricultural labourer to accomplish a larger amount of daily work at a less 
cost. The implements he exhibited were such as are commonly used in the 
United States. — A letter was read from Mr. Love, of Manor House, Naseby, 
in which he states that the ploughs were tried on a clay soil, in rather a dry 
state, against Adams’s Northampton plough, and one of Howard’s Champion 
ploughs. Howard’s, when working five inches deep by eleven inches wide, 
had a draught of 31 stone ; and Adams’s plough, at the same width and 
depth, a draught of 30 stone ; while the American plough, at five inches 
deep and fourteen wide, drew only 26 stone. “ In justice to the American 
ploughs, I must say,” observes Mr. Love, 44 that they cut up and cleaned 
their furrow quite as well as the other ploughs, and also turned the earth, 
completely breaking it, and putting the soil in capital position for drilling 
or dibbling ; they are the most simple, strong, light, and effective ploughs it 
is possible to conceive : other experiments were also made, and the draught 
tested by the dynamometer.” — The cost of the ploughs Mr. Slocum stated 
to be £2 each. 

A communication was read from Mr. W. Taylor, F.L.S., Ac., 44 on the 
Cultivation qf the Polygonum Tmctorium , or Dyer’s Tmctoria .” 

“ This plant,” observes Mr. Taylor, “ is a native of China, and was intro- 
duced into this country in 1776, by John Blake. It is used in China and 
Japan for the purpose of dying a blue similar to that of the finest indigo. 
The colour is obtained from the leaves of the plant, which are dried, pounded, 
and made into cakes. 4 With these cakes,* Hunberger says, 4 they dye 
linen, silk, and cotton.’ When the cakes are boiled, they add ashes ; and 
the stronger the decoction is made, the darker is the colour. The plant 
grows best in this country on soils of a medium texture, which must also be 
well manured before the seed is sown, which is best sown in rows about the 
middle of April. Two pounds of seed to the acre is sufficient, but the plants 
may be planted out in rows from the hot bed, at the rate of about 16,000 to 
the acre ; and unless they are brought forward and planted out, they will 
not produce seed in England. The plant can be prepared for the market in 
three ways, viz. — 1st, it may be cut in a green state and sold to the dyer, in 
which case an acre would produce five tons of leaves and stalks, worth about 
£30. — 2nd, if cut and placed in vats, so as to precipitate the fecula, or in- 
digo, the acre would produce 3 cwt. of colour, which, at Is. per lb., would 
be worth £16 16s. — 3rd, the plants may be cut up, dried, and packed in 
bundles : the acre would then yield three tons of dyeing matter, and be 
worth about £21. The colouring matter may be extracted either by fer- 
mentation or scalding.” Specimens of the plant and colour were exhibited. 

The last communication read was by Mr. W. Bennett, 44 on some samples 
qf Flax grown in Ireland m 1847.” 

Specimens of the flax were exhibited, and Mr. Bennett stated they were 
produced under every disadvantage possible, and in one of the most remote 


and destitute corners of the whole island, viz., the barony of Boris, county 
of Mayo, on the western coast, and under the superintendence of Mr. G. S. 
Bourns, the peasantry being wholly unacquainted with its mode of culture 
and preparation. The flax is of good quality, and worth from 6s. to 8s. per 
stone. The introduction of its culture has also afforded employment to a 
large number of poor women in spinning. The peasantry are also being 
employed to manufacture linen from looms erected in the stables of a clergy- 
man, in another most distressed locality, specimens of which were exhibited. 


ROYAL SCOTTISH SOCIETY OF ARTS. 

Nov. 8, 1847. — David Maclagan, M.D., F.R.S.B. President, in the Chair. 

The following communications were made : — 

1. On the first principles qf Symmetrical Beauty , as developed in the Geo- 
metric Harmony qf the Human Head and Countenance . By D. R. Hat, 
Esq. 

Mr. Hay commenced his paper with a quotation from Dr. Reid’s 44 Intel- 
lectual Powers of Man,” showing that it was the opinion of that great philo- 
sopher, that, as taste might be true or false according as it was founded on 
true or false judgment, it must have first principles. He then observed, 
that by truth being properly investigated in the natural sciences, natural 
philosophy had arrived at its present advanced state, and its application in 
| the useful arts bad consequently produced the happiest results. But that in 
our search after truth in the science of aesthetics, a very different course 
had been followed, and that our ideas of beauty were clothed in mystery, and 
our attempts to produce the former in the various branches of art, depend 
in a great measure upon chance. This he attributed to the practice of ser- 
vile copying in our schools of art, instead of studying the first principles or 
! teachable laws of beauty ; in short, that we study and imitate results without 
j investigating causes. He asserted that there exist precise mathematical 
I principles of a practical nature, by which the external form of the human 
; head and countenance may be delineated, and by which the proportions and 
relative positions of the features may be arranged upon the facial surface so 
as to produce a primary species of symmetrical beauty ; and that these prin- 
ciples were identical with those which produce beauty in architecture and 
ornamental design. This he demonstrated by combining in a diagram the 
Platonio triangles and the curvilineal figures that belong to them, showing, 
at the same time, that those triangles were the root of all symmetrical 
beauty and harmony in geometry. He showed that this diagram corresponded 
in all its parts to the anatomy of the human head, and that the countenance 
thereby produced possessed the beau ideal beauty of the finest Grecian sculp- 
tures. Mr. Hay stated that he believed the principles he explained were 
known to the ancient Greeks, and were introduced by Pythagoras, and taught 
by Plato in connection with mathematics, and by Pamphilus as connected 
with art. The drawings by which Mr. Hay exemplified his principle were 
larger than life, and very numerous, and we understand it is his intention to 
publish them on a small scale. 

2. The Report of the Prize Committee, awarding the Prizes for Session 
1846-7, was read. 

Nov . 22. — G. Buchanan, Esq., President, in the Chair. 

The following communications were made • 

1. Suggestions for preventing Accidents on Railways . By J. Stewart 
Hepburn, Esq., of Colquhalzie. These suggestions have reference to the 

1 injudicious practice of mixing light with heavy carriages in different parts of 
; the train, and to the injudicious applications of the break, and the order in which 
it is applied ; and propose the classification of the light and heavy carriages, 
and the working of the break from the rear to the front of the train. They 
have also reference to the permanent works of most railways as originally 
constructed, being too light and insufficient for the heavier loads and high 
velocities which are now used ; and propose to give increased stability to the 
rail by a well laid pavement of heavy blocks of stone, along the outside of 
each rail. They have also reference to what is called “ jumping,” which is 
often the cause of carriages running off the line — to unequal subsidence of 
the roadway, and proposes Telford’s plan for forming the embankments in 
concave layers, or that, the earthworks should be allowed ample time to sub- 
side of themselves before the rail is used. Mr. Hepburn also proposes longi- 
tudinal supports under the joinings of the rails, which he considers their 
weakest part. The suggestions have also reference to the entanglement of 
the buffers, and 44 riding” on each other ; and propose to enlarge vertically 
the surface of the buffer, by having in its place three elliptic springs on the 
lower frame of the carriage, and two on the upper part, each set connected 
with a horizontal bar of wood, and the whole covered with boarding. Mr. 
H. holds that this arrangement would prevent the carriage from turning up 
and rolling over each other when a collision takes place. 

2. Description qf a Model qf a Malleable Iron Railway Chair . By Mr . 
Robb, Haddington. The advantages are stated to be greater strength, and 
thus giving additional security in passing sharp curves : the rails would fit 
much better from the chairs being all cut true to the pattern, thus securing 
a uniform bearing to the head of the rails : the superior manner in which 
the wooden keys will fit, and with less rigidity. Mr. Robb thinks they could 
be made cheaper than cast-iron chairs, and that they would be stronger, al- 
though one-half lighter, whereby a saving in cost of carriage would be 
effected to an extent of 50 per cent. 
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3. Description qf a proposed Improvement in Railway Switches . By Mr. 
Nicoll, Arbroath. These switches are placed on iron chairs so constructed 
as to move along with the switch, whereby the motion of the switch is not 
prevented by its getting jammed with dust or rnbhish ; and the chairs, from 
their peculiar form, push aside the dust and clear a way for the switch. Mr. 
Nicoll also gives a description of the apparatus for opening and closing the 
switch, so as to prevent accidents by the motion of them by nnanthorised 
persons. 

4. A Railway Alarum Communicator, By Mr. Moffat. The object is 
accomplished by a tube sunk in the roof of each carriage, and to connect 
these are tubes of India rubber with screws. Inside the tube is a wire, and 
attached to it inside of each compartment of the carriage are bell-pulls or 
knobs. At each guard’s seat are bells and knockers, and the same at the 
driver’s, fixed near the engine. A passenger wishing to give a signal, pulls 
the knob, by which means the whole bells are rung. The tube can also act 
as a speaking-trumpet, mouth-pieces being inserted in each compartment, 
and the same to the guards and drivers — so that a passenger having rung 
the bell, communicates to the guard and driver, &c., his reason for so doing. 

5. Description and Drawing qf an Alarum Rein for Railway Trains . By 
Mr. M'Coll. The rein is attached to a whistle valve on the engine, and ex- 
tends along the whole train on the locked side ; so that any person, by 
pulling the rein, opens the whistle, and informs the driver that something is 
wrong. 

Dec, 13. — G. Buchanan, Esq., F.R.S.E., President, in the Chair. 

The following communications were made : — 

1. Description of the Overarch Suspension Bridge. By Mr. Milne. 
This bridge is so constructed that the roadway runs under the arch, and is 
connected to it by suspending rods, which are so disposed that a large por- 
tion of the arch sustains a small portion of the roadway, thus enabling the 
bridge to bear a concentration of weight at any point. The main rods of 
the arch lean against each other at the centre (where the key-stone of a 
stone bridge is situated), giving mutual support, which is continued towards 
each end of the arch by circular extenders, enlarging as they approach the 
piers. The pressure of the main rods against each other is thus turned to 
the utmost advantage, and gives the greatest stability possible ; and from 
this construction the lee-side will resist a gale of wind with the full power 
of the arch. The model is twenty inches in length, on the scale of ten feet 
to an inch. The entire weight of iron is six ounces, and it safely bears a 
load of 561b. — nearly 150 times its own weight. 

2. Supplementary Explanations of an improved Railway Break. By J. 
Stewart Hepburn, Esq. This is an improvement of break submitted by 
the inventor to the Society last session. It consisted of a rubber block of 
wood attached to railway carriages by a moveable frame-work ; and applied, 
not to the wheel, like the common break, but to the rail, by a gradual pres- 
sure capable of being increased to such a degree, on an emergency of danger, 
as to raise the hind wheels from the rail. 

3. Improvements in Railways. By Mr. John Crank. The first improve- 
ment is for locomotive engines to ascend or descend steep inclines. It con- 
sists in laying along the incline a toothed rail, outside of the common rail, 
and keying on additional wheels with teeth on the shaft of the driving 
wheels of the engine, outside of the bearing wheels, and working in the 
toothed rails, and the teeth of which are to work in the teeth of the rail ; 
thus pulling on the train. — The second improvement consists in making the 
wheels with double flanges, one on the outside of the rails, as well as the 
usual one within them. Thus the wheels would be less liable to go off the 
rails. — The third improvement consists in laying the rails on longitudinal 
sleepers, connected together by cross sleepers, and forming a series of strong 
square frames. — The fourth improvement is for a break. Instead of pres- 
sing against the wheels, and thereby retarding them by friction, and eventu- 
ally locking them, the break falls down at once between the wheel and the 
rail, inserting itself between them like a wedge, and thereby locks the 
wheels, and, at the same time, rubs upon the rail. Four wedges are required 
for ordinary carriages, one pair at each end ; each pair of wedges is con- 
nected by a bar of wrougbt-iron, in the centre of which a chain is fastened, 
which can be raised by the guard, and fastened by passing one of the links 
over a hook. When the chain is detached from the hook or button, the 
break, by its own weight, and guided by a rod attached to the carriage, falls 
under the wheels and prevents them revolving. The guiding rod to have its 
centre of motion eccentric to that of the wheel, and that centre to be a pin 
fixed on the axle frame of the carriage, a little above it, so that the wedges 
when raised may be clear of the wheels. 


NOTES OF THE MONTH. 

Railway Precautions.— Mr. Wyndbam Harding, in a letter to the In- 
stitution of Mechanical Engineers, recommends, as the most simple and 
best method of forming a communication between the guards and engine- 
drivers, “ That the guards should have the means of readily getting along 
every train, whether a passenger or a goods train, to tbe engineman. 
This (he observes) was the original idea in narrow-gauge trains, for the 
means are afforded of getting from one carriage to another, but the idea 
has been imperfectly carried out, inasmuch as a horse-box or a luggage 
van afford no facilities for getting past them. Nothing is easier than to 


remedy this by holdfasts and a narrow foothold. In the case of flat tracks 
loaded with such goods as cotton, uprights at the four corners, and a rope 
from one upright to the other, would afford a hold for the guard, and 
would also, at the same time, tend to steady the load. In the vehicles 
which travel in passenger trains even such an addition as this would not 
be necessary. On the broad-gauge lines connected with the Great 
Western Railway, there is generally no facility afforded for getting along 
the train, but such facilities can with equal ease be afforded in broad- 
gauge trains as on narrow by trifling additions to the vehicles.” Mr. 
Harding caused additions with this object to be made to tbe broad-gauge 
carriages on the Bristol and Gloucester Railway when he had the control 
of that line. 

Commissions of Sewers . — The old commissions for Westminster, Hoi- 
born and Finsbury, Tower Hamlets, and for the Kent and Surrey dis- 
tricts, were all in one week superseded, and a new commission, consisting 
of the following, were nominated for all the districts, on the 6th ult. 
Lord Ebrington, Lord Ashley, Dr. Buckland, Mr. Hume, M.P., Hon. F. 
Byng, Dr. Arnott, Dr. S. Smith, Mr. R. A. Slaney, M.P., Sir J. Clark, 
Rev. W. Stone, Professor Owen, Sir H. De La Beche, Mr. J. Bidwell, 
Mr. J. Bullar, Mr. W. J. Broderip, Mr. R. L. Jones, Mr. J. Leslie, and 
Mr. E. Chadwick. — Mr. L. C. Hertslet, Clerk of the Westminster divi- 
sion, and Mr. Staples, Clerk of the Holborn and Finsbury division, were 
appointed clerks of those districts provisionally ; and Messrs. Phillips and 
Roe were appointed surveyors provisionally, and Mr. Austin consulting- 
surveyor. 

Brussels Lace. — M. Blanchet gave an account of the serious conse- 
quences resulting from the process of whitening Brussels lace to the 
persons employed in it. In this process the carbonate of lead is used ; 
and a large portion of it is carried into the atmosphere, where it is io- 
baled, and thus produces a serious affection of the intestines. It is also 
very injurious to the sight and to the hearing. 


laXBT OF NSW PATENTS. 

GRANTED IN ENGLAND FROM NOVEMBER 30, TO DECEMBER 22, 1847. 
Six Months allowed for Enrolment , unless otherwise expressed. 


William Betts and George William Jacob, of Wharf-road, City-road, for “ Improvements 
In the manufacture of capaules, and In the application of certain descriptions of surfaces.*' 
—Sealed Nor. 30. 

William Eaton, of Camberwell, engineer, for “ Improvements In machinery for twisting 
cotton or other fibrous substances.**— Dec. 1. 

Gustavus Moenck, of Welling ton-street. Strand, D.LL., for “certain Improvement!! In 
clocks and time-keepers.**— Dec. 1. 

Thomas Chandler, of Stockton, Wiltshire, for “ Improvements in machinery for apply- 
ing liquid manure.'*— Dec. 1. 

Frederick William Mowbray, of Leicester, paper dealer, for " Improvements In ma- 
chinery for the manufacture of looped fabrics.’*— Dec. 1. 

Samuel Newington, of Frant, Sussex, M.D., for '* Improvements In dibbling or sowing 
seeds.'*— Sealed Dec. 7. 

John Scoffern, of Upper Holloway, M.B., for “ Improvements in the manufacture and 
refining of sugar.**— Dec. 7. 

John Britten, of Birmingham, machinist, for " certain Improvements In apparatus for 
cooking, preparing, and containing human food and drinks, and In opening and closing 
oven doors, parts of which improvements are applicable to other similar purposes."— 
Dec. 7. 

James Smith Torrop, of Edinburgh, newspaper proprietor, for “ Improved machinery 
for time signals.*'— Dec. 7. 

William Dakin, of 1, St. Paul's Church- yard, for “ Improvements in cleaning and 
washing coffee, in the apparatus and machinery to be used therein, and also In the appa- 
ratus for making infusions and decoctions of coffee." (Communication.)- Dec. 7. 

James Sweetman Eiffe, Esq., of 48, Lombard-street, City, for " Improvements In the 
manufacture of astronomical and other clocks, chronometers, and watches."— Dec. 7. 

John Hackett, of Leicester, for *' Improvements in the manufacture of pill-boxes."— 
Dec. 7. 

David William Wire, of 9, St. Swithln's-lane, Loudon, gentleman, for “ an Improved 
manufacture of candles and other like articles used for affording lights." (A communica- 
tion.) — Dec. 15. 

Henry WlBter, of Webridge- gardens. Bark-place, Bayswater, Middlesex, for " Im- 
provements In the manufacture of rope, cord, line, and twine." (A communication.)— 
Dec. 15. 

George Ambroise Michant, of Epleds, France, but now of New Bond-street, Middlesex , 
gentleman, for *' Improvements In the production and application of heat, and In the 
manufacture of coke.”— Dec. 15. 

William Maltby, of Tredegar-squa re, Mile-end, gentleman, and Thomas Webb, of 
Mare-street, Hackney, gentleman, for *' certain Improvements In the manufacture of 
spirits from grain or other saccharine matters, and In the apparatus to be used therein." 
—Dec. 15. 

William Westbrooke Squires, of 3, Hue Chaveau la Garde, Paris, M.D., for a mode or 
modes of producing a vacuum, which mode or modes may be applied to pneumatic, hyd- 
raulic, and hydrostatic apparatus, and to machinery for obtaining motive power.*’ — 
Dec. 18. 

Richard Wrlghton, of Lower Brook-street, Grosvenor-square, Middlesex, for " Im- 
provements in apparatus to be applied to railway carriages and engines."— Dec. 22. 

Charles Andre Felix Rochas, of Paris, for “ certain Improvements In treating sine ores, 
and In manufacturing oxide of sine.'*— Dec. 22. 

Piene Augustus Puis, gentleman, of Paris, for •* Improvements in apparatus for raising 
and lowering heavy bodies in mines." (Communication.)— Dec. 22. 

Henry F. Baker, of Boston, United States of America, for “ a certain new and usefU 
improvement in steam-boiler furnaces."— Dec. 22. 

Richard Baird, of Dundee, Scotland, for ** A new or improved method of communica- 
tion between the guards, engine-drivers, and other servants in charge of trains of car- 
riages and waggons on railways, and also between the passengers and engine-drivers, and 
other servants in charge of such trains.'*— Dec. 22. 

Robert Stamp, of Chelsea, Middlesex, hatter, for " Improvements in the manufacture 
of fabrics to be used for covering hats, caps, and bonnets, which fabrics may be used for 
other articles of wearing apparel."— Dec. 22. 

Charles William Siemens, of Manchester, engineer, for “ Improvements In engines to 
be worked by steam and other fluids." — Dec. 22. 
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ARCHED TIMBER VIADUCTS. 

(With Engravings , Plates III . and IF. ) 

(From papers read at the Institution of Civil Engineers.) 

The Arched Timber Viaducts an the Newcastle and North Shields 
Railway , erected by Messrs . John and Benjamin Green, of New- 
castle-upon- Tyne. 

In the formation of the numerous railways which have been com- 
pleted within the last few years, perhaps that which has demanded 
the greatest exertion of skill, judgment, and varied ingenuity, is 
the construction of the bridges and viaducts, whether of stone, 
brick, iron, or timber. The excavation of a quantity of earth, or 
cutting through a hill to fill up an adjacent hollow to the required 
level, is in most cases a work of little more than manual labour, 
unless some unforeseen extraordinary difficulties occur in the strata, 
which may require energy and promptitude in adopting such mea- 
sures as will overcome them in the most effectual and least expen- 
sive manner. But when rivers are to be spanned and ravines to be 
crossed, where there exist uncertain and variable beds, and, in 
many instances, in the vicinity of towns and populous districts, 
where houses, manufactories, and other buildings are on the imme- 
diate spot, the space required for filling up such ravines with a 
mound, (the base extending far on each side, beyond what is re- 
quired for the width of the railway) would, by the consequent de- 
struction of property, often involve such ruinous expenses, as to 
render the adoption of that method impracticable. Recourse must 
then be had to other and more scientific means, in the erection of 
bridges or viaducts, with piers occupying a small superficial area, 
built up to carry the necessary superstructure, and adapted to the 
locality in which they are placed. Various considerations are in- 
volved in fixing on a certain plan : yet the cost is that of the utmost 
importance, and invariably presents itself first in all great works of 
the kind. It will not be denied, therefore, that the great desidera- 
tum for the engineer, is the adoption of such means as will fully 
answer the purposes and the ends at which he aims, and to effect 
this without a waste of any kind of material ; for every thing that 
is not fairly and usefully employed in adding to the stability and 
strength of an erection, can only be considered as superfluous and 
injurious matter; and fitness and a skilful disposition of parts, com- 
bined with correctness of design, may be said to form the great 
merit of all structures. 

The cost of the construction of viaducts and bridges for railways 
generally forms so important an item in the gross amount of the 
cost of a railway, that the engineer is led to devise new means of 
completing his works in such a manner, as to possess stability and 
durability, without plunging his employers into unnecessary ex- 
penses. 

Stone has been generally applied as the best material for bridges ; 
in many cases, however, it cannot be used throughout, and in large 
arches, where the heights are too low for the spans, cast-iron is 
frequently adopted, and more particularly in forming trusses of 
various kinds, when the under side as well as the upper side of the 
platform is required to be horizontal, or nearly so, as in the case of 
a railway and turnpike-road crossing each other, and only leaving 
space enough between the surface of each to allow of the free pas- 
sage of carriages ; but the cost and weight of these bridges is gene- 
rally equal to that of stone. A wood superstructure, however, 
effects much in this respect ; provided a durable mode of construc- 
tion is adopted ; for the cheapness and strength of the material 
itself being so great, in proportion to its bulk and weight, the piers 
of a bridge or viaduct can be considerably lightened, and much less 
material be used in their formation than when the superstructure 
is to be of stone or iron. 

Almost all the wooden bridges that have heretofore been exe- 
cuted in this country are constructed with straight timbers, trussed 
and framed like the ordinary forms of roofing. On account of the 
shrinking, from the number of joggles, and the weight of the work 
itself, the roadway sinks, and the framing generally becomes bent 
or crippled, often to an alarming extent ; besides, such a system 
could never be carried beyond a certain extent, as the spans of such 
framing must be limited to what is usually practised in roofing. 

A new system of building timber bridges, composed of layers of 
deals 3 inches in thickness, turned over a centre, into the form of 
arched ribs, has been introduced and applied extensively, in North- 
umberland and Durham, and in Scotland, by Messrs. John and 
Benjamin Green, of Newcastle-upon-Tyne. , 

This mode of constructing the laminated deal arch suggested 
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itself to Mr. Green in 1827-8, when he was engaged in designing the 
bridge for crossing the river Tyne, at Scotswood : where the depth 
of water, its rapidity during floods, and the uncertainty of the 
foundations, would have rendered the construction of a number of 
piers, in the current, a very expensive operation, and Mr. Green 
was therefore induced to recommend to the company the chain 
bridge which is now thrown across the Tyne at that place, as being 
the cheapest durable structure^ and possessing advantages over 
every other kind in such a situation. 

The subject of wooden arches continued to engage Mr. Green’s 
attention, and for his own satisfaction, he had a model made of an 
arch 120 feet span, at a scale of one-twelfth of the real size, which 
so satisfied him as to the advantages and safety of that mode of 
construction, that in 1834, when the Newcastle and Carlisle Rail- 
way Company offered a premium for the best plan of a railway 
bridge, for crossing the river Tyne, above 8cotswood, Mr. Green 
submitted his model and design in competition, when they were 
approved of and selected by the directors, and obtained the pre- 
mium. 

This bridge was to consist of five segmental wood arches, each 
having two ribs of 120 feet span, which were to be erected upon 
timber piers of piles and framings, with stone abutments. The line 
of railway could not allow a greater elevation than 21 feet above 
high-water level, and the platform was in consequence suspended 
with iron rods between the springing of the wood arch and the 
crown; the roadway was therefore partly suspended from and partly 
supported by the ribs. 

In 1833 Messrs. Green were concerned in projecting a railway 
from Newcastle to North Shields ; and afterwards being employed 
by the Company for the bridges on that line, where, from the mag- 
nitude of two of them and the number that occur, the cost was a 
very important consideration, they were induced to recommend 
this plan of the laminated timber arch. Having made designs and 
carefully studied the details, these bridges were commenced In 
1837 ; one at the Ouse Burn in the eastern suburb of Newcastle, 
and the other at Willington, about four miles further on the rail- 
way. 

The Ouse Burn Viaduct is 918 feet in length, and 108 feet in 
height from the bed of the burn ; it has five timber arches of three 
ribs each ; three of the arches are 116 feet span, and two 114 feet 
span ; there are two stone arches of 40 feet span at both ends of 
the bridge, which were introduced to give length to the abutments, 
so as to prevent the mounds endangering them, bv coming too close 
upon the steep banks of the ravine. There are five piers built of 
drafted and broached ashlar masonry, from the foundations to the 
full height, with spaces in the middle, leaving an average thickness 
of 5 feet of ashlar work ; all the spaces are filled in with rubble 
masonry, made solid by grouting. On the sides of each pier are 
buttresses projecting 2 feet 11 inches, and diminishing with off-sets 
up to the roadway. 

The greatest thickness of the piers at the springing is 15 feet ; 
that of the highest pier at the foundation is 20 feet 3 inches, and 
at the top, immediately underneath the platform, it is 6 feet 6 inches 
thick; its width, including the buttresses, is 33 feet 10 inches 
above the footings, and 26 feet across the last or highest off-set 
underneath the roadway. 

The springing for the arched ribs is 40 feet down the piers, 
where large off-sets are formed with the inner splays or slopes, 
radiating from the centre. On these springing stones, cast-iron 
flanged plates or sockets, each weighing 15 cwt. for each rib, are 
bedded with oakum, into spaces which are cut 2 inches deep in the 
masonry, and secured with wrought-iron bolts run with lead, fas- 
tened down with nuts and screws on the outer surface ; the bolts 
are l£ inch diameter, and 1 foot 9 inches long. The ends of the 
ribs are inserted into these iron sockets as a springing and are well 
caulked. 

The two middle piers are built upon piles driven into the clay, 
to an average depth of 35 feet below the surface, and the founda- 
tions generally required great attention, for it was found that 
considerable excavations of old pit workings had been made around 
and immediately under the line of the bridge. From the extreme 
eastern pier, a coal seam had been worked out, extending beyond 
the east abutment; and in digging for the west pier, a pit shaft was 
discovered in the centre of the area of the foundation. It was 
fortunate that it was not so near as to endanger the stability of the 
pier, and that the construction had not proceeded without its being 
observed. This shaft had been worked to a depth of 70 feet, ana 
in order to render the structure secure, both it and the seam on 
the other side of the ravine were built up with well grouted rubble 
masonry. All the timber used in the carpentry was of the best 
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quality from the Baltic, and the whole of it was subjected to the 
process of Kyan’s patent. 

The arched ribs are shown in Plate III., figs. 1 and 2 ; and in 
detail, figs. 3 to 12 . The spans of 116 feet, have a versed sine of 
33 feet, the radius being 68 feet. The ribs are constructed of 
Dantzic deck deals, 11 inches wide by 3 inches thick, dressed and 
out to lengths of from 20 feet to 46 feet. The first course of the 
rib is two deals in width, bent over the centre, and the next is one 
whole and two half deals, and so on alternately until the whole rib 
is formed ; each rib consists of fourteen deals in thickness, exclu- 
sive of the weathering or capping on the top ; the ends of the deals 
throughout are butted against each other, and arranged so that no 
two of the radiating joints may come together. A layer of strong 
brown paper dipped in boiling tar, is put between all the joints to 
bed them and to exclude the wet. The whole of the deals are well 
fixed together with the best l£ inch oak trenails placed 4 feet 
apart, and each trenail is of a sufficient length to go through three 
thicknesses of the deals. The ends of the deals are all inserted 
into the cast-iron plates already described, bedded in patent felt 
and tar, and well caulked. 

Diagonal side braces 6£ inches by 6^ inches, (shown in fig. 2, 
Plate III.), are fixed between the ribs with wrought-iron bars l| 
inch diameter, at intervals of about 29 feet apart, to bind and con- 
nect the whole together. From the ribs, a series of radiating and 
horizontal struts, are carried up in the manner shown in the en- 
gravings ; the ends of all the struts are double tenoned into proper 
mortices cut to receive them, in the timbers and ribs. A spanaril 
beam 13^ inches square, (figs. 3, 4, 8, and 9, Plate III.,) is placed 
about the middle of the spandril, inclining upwards to the crown 
of the arch, and butting against a horizontal piece of the same 
dimensions at the top. The struts below this beam radiate to the 
centre, and those above are perpendicular to the roadway. One of 
the radiating struts in each spandril, called in the drawings the 
spandril strut, (figs. 5 and 6, Plate III.,) is continued on from the 
rib up to the longitudinal beams, and is firmly connected by iron 
straps and bolts to them and the spandril beams, and the former 
are then secured down to the masonry with iron bolts, which run 8 
feet into the ashlar work. In considering this geometrical arrange- 
ment of strutting in the spandrils, it will be evident how much 
rigidity is produced : a weight coming upon one haunch of the arch 
is resisted on the opposite haunch, by tne spandril strutting, and 
especially by the main strut, connected as it is with the weight of 
masonry laid hold of by the bolts, from the main longitudinal 
beam. 

The longitudinal beams, 13^ inches square, are fixed and laid the 
full length of the structure, to the gradient of the railway, above 
which the joists, 13^ inches by 6| inches, are laid 4 feet apart from 
centre to centre, and spiked down upon them. The ends of all 
the joists are rounded, and project about 2 feet 6 inches over the 
longitudinal beams, fig. 10, and the whole are then covered with 
planking, 11 inches by 3 inches, laid longitudinally, and properly 
spiked down and caulked ; this platform is then covered with a 
composition of boiling tar and lime, mixed with gravel whilst it is 
being laid on ; thus forming a coating completely impervious to 
the wet. At the meeting of the longitudinal beam and the crown 
piece, an iron 6trap is bound over them and the longitudinal beam, 
and it is then run through the rib ? and screwed up underneath it. 
Another strap is put round the rib and the spandril beam, about 
12 feet further down on each side, and another at each of the 
spandril struts. An open railing, 5 feet high, is fixed alongside 
each side of the bridge, the upright standards are 8 feet apart, 
fixed to every alternate joist, and five horizontal rails, halved and 
spiked to them, run the full length. 

The total width of the Ouse Burn Viaduct, measuring within the 
railing, is 26 feet, from which a footpath is taken, 5 feet wide, 
separated from the railway by a line of railing on the south side, 
as shown in fig. 2. 

In constructing both the masonry and timber work of this via- 
duct, the scaffolding and the centering used were very light and 
simple. For the former, a temporary railway, 35 feet high, raised 
upon upright bearers, struts, &c., was laid the full length, on each 
side of the intended structure ; and was afterwards raised, as the 
building proceeded, to within a few feet of the height of the finished 
platform. On this railway temporary cranes were placed, spanning 
from one rail to the other, connected at the top with beams of tim- 
ber, and fitted up with proper winches, blocks, chains, &c. &c. ; 
these cranes were generally worked by four men. The centering 
for turning the ribs and building all the timber work was exceed- 
ingly light ; it was composed merely of three ribs, weighing about 
18 cwt. each, or 2 tons 14 cwt. for each rib. A whole centre could 


be removed in a day from one arch, and fixed in its place for 
another arch, by about twenty men, employing the travelling 
cranes. 

The Willington Viaduct is precisely the same in construction 
and design as that at the Ouse Burn ; but differs in its dimensions^ 
and although it is not so high, it is longer, and has two more tim- 
ber arches of greater span. The total length is 1050 feet, and the 
height is 82 feet. There are seven timber arches and six stone 
piers, with two stone abutments ; five of the arches are 120 feet 
span each, and two 115 feet span each; the width between the 
railing on each side is 21 feet, being just sufficient for the double 
line of railway, as there is no footpath upon this viaduct. Two 
of the piers are built upon piles 36 feet long, at a depth of about 
50 feet below the surface, as there is a great extent of alluvial de- 
osit immediately on the site, which is frequently covered, during 
igh tides or floods, by the river Tyne flowing up at the small 
burn. 

Both these viaducts span over numerous houses and manufac- 
tories. 

The method of building the viaduct at Willington was somewhat 
different from that adopted at the Ouse Burn, and perhaps not so 
unique ; inasmuch as there were no travelling cranes or temporary 
railway, and the removal of the centres was attended with greater 
labour, for while at the Ouse Burn the removal of a centre occu- 
pied twenty men, with the cranes, only one day, the same work 
employed twenty men for ten days at Willington. The masonry 
of each pier was set with a fixed or jib crane, of a sufficient height 
to hoist all the stones, having the usual counterbalance at the 
opposite end of the horizontal beam. 

In this system of timber bridge building, the straight trussing in 
the main principle of support, is dispensed with, for the spandril 
framing should not be looked upon as partaking of that character ; 
it is merely a continuation of the wood-work, to convey the weight 
coming upon the roadway, on to the simple curved rib, and all 
timbers in a state of tension are avoided, for when a weight comes 
upon the roadway, the whole of the structure undergoes compres- 
sion. 

It is not meant to advocate timber bridges on this or any prin- 
ciple in preference to stone, or other more durable material ; but 
it will not be denied, that the great saving of capital in the first 
instance is a very important argument in favour of their adop- 
tion. 

The actual cost of the Ouse Burn Viaduct, including all contin- 
gencies and extras, was: — for the masonry, 17,235/.; for the car- 
pentry, 7,265/. ; making together, 24,500/. 

The total cost of the Willington Viaduct, was : — masonry, 13,153/. ; 
carpentry, 10,349/. ; together, 23,502/. 

The piers, Mr. Green observes, are stronger than necessary for 
the weight of the superstructure, for the directors of the New- 
castle and North Shields Railway not only being sceptical as to the 
safety of this novel mode of construction, but having a desire to 
finish all the bridges on the line witli stone arches, wished the ma- 
sonry to be made of such solidity and bulk as to bear stone arches 
if required, and the piers and abutments were, therefore, built 
accordingly. The additional cost for building stone arches, how- 
ever, on a fair calculation, was found to amount to 9,000/. for the 
Ouse Burn Viaduct, which would have made a total of 33,500/. 
The centering would have cost at least 3,000/. for each viaduct, so 
that at a moderate calculation the actual saving of capital is up- 
wards of 10,000/. 

Messrs. Green have just completed a large viaduct, on precisely 
the same principle as those of the Ouse Burn and Willington Dean, 
for his grace the Duke of Buccleuch, across the South Esk at Dal- 
keith, in connexion with the Edinburgh and Dalkeith Railway, and 
for the transit of coal from the collieries of his grace in that neigh- 
bourhood ; it has only a single line of railway and a footpath. The 
total length of this work is 830 feet, the height is 87 feet to the 
platform, and the width across between the railing is 14 feet. It 
has seven arches, five of 120 feet, and two of 110 feet span each, 
with a versed sine of 30 feet. There are only two ribs, 8 feet 4 
inches apart, in each arch, and of a deal and a half (1 foot 4 inches) 
in width, and ten deals (2 feet 7 inches) in depth. The longitudi- 
nal beams are half balks of timber, 13^ inches by 6f inches. There 
are two stone abutments, each 40 feet long, and five stone piers. 
The largest pier is 91 feet high from the foundation, which is 5 feet 
below the surface. All the piers are 10 feet thick at the springing, 
12 feet 10 inches wideband 5 feet 4 inches thick at the top, under- 
neath the roadway. The total cost was: — masonry, 3,617/. ; car- 
pentry, 3,358/. ; together, 6,975/., which is a very small amount for 
a work of such magnitude. 
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The great height and length of this bridge, and the extreme 
lightness of its construction, render it an imposing object, spanning 
a beautiful and thickly wooded ravine near Dalkeith Palace, with 
the river Esk streaming through it, and appearing as a mere line 
of water in passing under the centre arch, which is the largest and 
highest. 

The system of arching with planks, may be carried to almost any 
extent, and in Messrs. Green's design for the proposed bridge 
across the Tyne, to connect the towns of Newcastle and Gateshead, 
at a high level, the largest arch over the middle part of the river 
was intended to have been 280 feet span, with a versed sine of 70 
feet, the total length of the bridge as designed was 1,220 feet, and 
the height 1 10 tee t. 



Fig. 1. 

The annexed wood engravings show an oblique bridge on the 
Newcastle and North Shields Railway, crossing the Shields road, 
at Walker. The angle of the skew is 25°, and the span is 71 feet. 
Fig. 1 is an external elevation of one of the ribs and the piers, and 



Fig 2. 

fig. 2, a plan of the joisting and piers. The joists of the platform 
rest upon the longitudinal beams, which are suspended by queen 
posts and iron straps, from two arched ribs, one on each side of 
the railway, and stiffened by struts and braces. The ribs are formed 
of deals 1 1 inches by 3 inches, dressed one deal and a half for the 
width of the rib, and nine deals in depth, as shown in figs. 3 and 4. 



They spring from cast-iron sockets, bolted to the ends of the longi- 
tudinal beams, on which they abut. An iron strap is also keyed 
ov^r each foot of the ribs, for additional security. The width for 


the railway on the bridge is 21 feet 6 inches. In the centre, at in- 

S tervals of about 7 feet, the platform is strengthened by 
trusses, which are marked b 6, fig. 2, and constructed in 
the manner shown in fig. 4, with wrought-iron bars keyed 
at the ends of the beams, and coming underneath, hav- 
ing three iron bearers in the full length. The cost of 
this bridge was about 1,300/. 



The Dinting Vale Viaduct, on the line of the Sheffield and Man- 
chester Railway. By Alfred Stanistreet Jee, M. Inst. C.E 

(With an Engraving , Plate IV.) 

This viaduct consists of sixteen arches, five of which are of tim- 
ber and eleven of brick, faced with stone quoins. The whole of 
the large piers, wings, outside spandrils and parapets, are of ashlar 
stone, of excellent quality, from the quarries in the neighbour- 
hood. The foundations of some of the piers are laid upon the hard 
shale, and of others upon a bed of wet sand of considerable depth • 
in the latter cases masses of concrete were formed to receive the 
masonry. Several of the smaller piers are founded upon the marl • 
also with beds of concrete beneath them. The piers for the large 
arches are built solid, up to the surface of the ground, and above 
that level they are hollow, nearly up to the impost ; the hollow 
portion having an inverted arch at the bottom, and being also 
arched over at the top. The portion above the impost in the 
large piers is solid to the top, (see fig. 3.) The smaller piers are 
cased with ashlar on the outside, and are filled in solid with good 
flat-bedded rubble, well grouted, and with through stones at inter- 
vals of 6 feet horizontally in each course. 

The smaller semicircular arches of brick, at each end of the 
viaduct, are 50 feet in the span and 3 feet in thickness 
with stone quoins, and are built in a curve ot 40 chains radius’ 
The face of each pier is parallel to that of the next, the 
piers themselves being wedge-shaped, on account of the oirve. 
The abutments between the large and the small arches are hollow 
and are arched over in the interior, to carry the roadway The 
abutments and wings at each end of the viaduct, are also hollow 
being composed of longitudinal and cross walls, flagged over on 
the top. They are surrounded on the outside by the slope of the 
embankment, the material of which being clay, is kept out bv a 
wall at the ends. r 

The five large arches are each 125 feet span and 25 feet versed 
sine, of the best Memel timber, the whole of which has been im- 
mersed in a solution of the sulphate of copper, according to Dr. 
Margary s patent, for the prevention of decay. There are four 
main ribs in each arch, composed of planking 3 inches thick, laid 
longitudinally, with a layer of brown paper and tar between the 
planks, which are fastened together with oak trenails at intervals 
of 4 feet. These ribs are 4 feet 6 inches deep, and 18 inches wide, 
and are firmly stayed by diagonal and cross braces, screwed up 
tight, by means of wrought-iron rods, 2 inches in diameter, passing 
through and secured bv nuts on the outside. The uprights and 
diagonals in the spandrils are also stayed by iron rods, and are 
morticed into the longitudinal beams which carry the cross joist- 
jng. These longitudinal beams are fastened down upon the piers 
by iron bolts, let 12 feet into the solid stonework, to resist any 
tendency of the arch to rise in the haunches, when the weight of a 
train comes upon the centre. The cross joists are placed 5 feet 
apart, from centre to centre, and are bolted to the longitudinal 
beams underneath Upon them is placed longitudinally a half balk 
of timber, to which the rails and chairs are fastened, and also a 
guard rail to prevent the carriages getting off the road. The whole 
is covered over with planking 3 inches thick, and is coated with a 
mixture of lime, ashes, and sharp sand, which has set hard and 
does not crack. 

The centering used for turning of the arches is of iron, of light 
construction, and is shown in fig. \. 

The total length of the viaduct is 484 yards, and its greatest 
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height from the brook-course to the rails, is about 125 feet. The 
roadway is level throughout. It was commenced early in 1843, 
and was opened for traffic on the 8th of August, 1844. Messrs. 
Buxton ana Clarke, of Sheffield, were the contractors, and great 
credit is due to them for the very excellent manner in which they 
have completed the work. 

The area of the section of the valley crossed, between the level 
of the rails and the ground, is 13,068 square yards, which gives an 
average cost of about 2/. 14#. per superficial yard, and as the viaduct 
is 8 yards wide, the cost per cubic yard is 6#. 9d. 

The following is a detailed account of the cost of construction of 
the Dinting Vale Viaduct, on the line of the Sheffield and Man- 
chester Railway. 


7 t 881 cubic yards, excavating foundations 
2,000 ,, concrete 

242,155 cubic feet of ashlar in the abutments 
and piers 

cubic feet of tooled ashlar 
„ cornice 

t , parapet walls 

„ flagging over spandrils 

cubic yards of coursed rubble, in 
the small piers 
Puddling the small arches 
cubic yards of brickwork in the 
arches 

40,476J cubic feet of Memel timber 
18,285 superficial feet of planking in the 


44,024 

829 

8,212 

6,875 

2,574 


2,641 


Id. 

3#. 6 d. 

Is. Id. 
Is. 3d. 
Is. 6d. 
Is. Id. 
lOd. 

10s. 


15s. 

3s. 


£ s. d. 
229 17 3 
350 0 0 

18,532 7 11 
2,761 10 0 
62 3 6 
444 16 4 
286 9 2 

1,287 0 0 
37 13 0 

1,980 15 0 
6,071 9 6 


32 

21 


roadway 

.. 


8 d. 

609 11 

8 

Centering 

. Cwt. Qrs. 

•• 

•• 

•• 

600 0 

0 

4 1 wrought- iron 

# , 


£21 

676 5 

3 

2 0 cast-iron 

. . 

. . 

£8 

252 0 

0 


73,260 

2,031 


superficial feet of brown paper and 
tar 


id. 


152 4 0 


roadway 

.. Is. 6 d. 152 

6 

0 

Patent felt 

.. .. 3 

15 

0 

Laying the permanent road 

408 

6 

6 

Diverting the mill goit 

110 

16 

8 

Interest and maintenance 

for 12 



months 

.. .. 240 

19 

8 


Total cost £35,250 
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THE RIVAL PALACES, 

OB, B lore's and Vanvitelli's. 

By Candidus. 

Neither Mr. Sharp himself nor any one else will be at all sur- 
prised at my taking some notice of the oversight imputed by him 
to those who have spoken of Buckingham Palace, for not disco ver- 
that it is “only a reduced copy of the Palace at Caserta." 
Willing as I am to accept the compliment of “ lynx-eyed,” 1 think 
that in this instance it rather belongs to him, though at the same 
time I fancy his #fta?y}-sigh ted ness has overshot tne mark, and 
made that kind of discovery which is called finding out a mare's 
Wnat appears to Mr. Sharp to be such perfect similarity of 
design between the two buildings, that all the faults or merits of 
Mr. Blores fairly belong to Vanvitelli, completely vanishes upon a 
critical examination and estimate of them, nothing remaining but 
that general or generic resemblance of forms and features which 
they possess in common with many other buildings in the same 
style. Those who talk merely at random might perhaps liken 
Buckingham Palace to. that at Caserta, for much stranger resem- 
blances have been fancied ere now, — one traveller having likened 
the palace of Charles V. in the Alhambra, to Jones's Whitehall: 
and another, the great temple at Balbec to St. Paul's, Covent- 
P*den. Hut that an architect should be more struck by the 
resemblance, such as it is, than by the prodigious difference be- 
tween the two buildings in question, is quite astonishing. 

Let us inquire to what the resemblance amounts : — to nothing 
more than the general disposition of parts, both vertically and 
horizontally,, which surely is not sufficient to constitute such simi- 
larity of design or character as to justify our calling the one a 
copy at all, much less “ only" a reduced copy of the other. If it 
does, we should be warranted in setting down all the porticoes ever 
erected as only so many verbatim transcripts of one original ; or 


we might call — as perhaps Mr. Sharp does — the two terraces at 
Carlton-gardens a copy of the Garde-meuble in the Place de la 
Concorde. In fact, it requires Fluellen's ingenuity in arguing to 
convict Mr. Blore of being, I will not say Vanvitelli's ape, but his 
Dromio. “There is a river in Macedon," says the Welshman, 
“ and there is also moreover a river at Monmouth ; — and there is 
salmons in both." Even were Mr. Blore's elevation a mere re- 
duced draught of the other, as far as what actual resemblance 
there is between them extends, as a copy it could be received only 
as an exceedingly maimed and imperfect one, some of the most 
striking parts of the original being altogether omitted. One ex- 
ceedingly important accompaniment to the edifice at Caserta, and 
which gives it an air of completeness and consistently-kept-up 
stateliness in regard to emplacement , greatly surpassing that of any 
other royal palace in Europe, is the spacious oval piazza in front 
of it on its south side, where it forms an expanding amphitheatri- 
cal area, somewhat after the manner of the piazza before St. 
Peter's at Rome. Many other royal residences, on the contrary, 
are so disadvantageous^ located, as to have an air of meanness 
about them in spite of their own grandeur. 

One point, then, of the resemblance contended for is utterly 
wanting, since Mr. Blore's building has no architectural precinct 
or properly defined enclosure before it, but is made to stand immo* 
diately in the Park, and moreover stands out very awkwardly and 
abruptly from Nash's building behind, from which it appears quite 
distinct, except that it is tacked to it ; so that instead of making 
the entire mass look larger than before, it causes it to have a singu- 
larly confused and huddled-up appearance. Even taking the mere 
elevation of the front alone, there is a prodigious difference as to 
outline, the angles of the building at Caserta being carried up 
much loftier than the general mass, by the addition of a second 
order, comprisingtwo stories, and making the entire height there not 
less than one hundred and ninety English feet. My calculation is 
from the scale given in the large work containing plans, &c., of 
the palace, entitled “ Dichiarazone dei Disegni del Reale Palazzo 
di Caserta, &c.," and which, strange to say, is not mentioned by 
either Milizia or Quatremere de Quincy. In the “ Conversations- 
Lexicon fur Bildende Kunst," which professes to give account of 
individual buildings of note, the Palace ot Caserta obtains only 
three lines ! — one of which is to tell us that there is a picture by 
Mengs in the chapel. — With regard to Mr. Sharp's statement as 
to the length, there seems to be some miscalculation or else mis- 
print, since 918 palms (taking the palm at 10A inches) give only 
790 feet. 

Now that so much fault has been found with his building, and no 
merit whatever discerned in it, Mr. Blore may possibly be disposed 
to acquiesce in the charge of plagiarism brought against him, in 
order to transfer all blame from himself to Vanvitelli. If he has 
copied or borrowed, he has at least, it may be said, gone to a noble 
model — one which is especially singled out by Mr. Gwilt, in his 
“ Encyclopaedia of Architecture,” as the most complete example of 
a royal palace. So far, however, from reconciling us to Mr. 
Blore's work, by what may be thought to afford sufficient precedent 
for one or two objectionable points, Caserta — any comparison with 
or even mention of it — is likely to put us more out of conceit with 
it than ever. By diminishing the scale so very greatly, Mr. Blore 
has exaggerated the defects and entirely missed all the merits of 
his supposed original, transmuting grandiosity into insignificance 
and triviality. In tne mere design of Caserta, there is little to 
excite particular admiration : it is one of those things of which a 
“ reduced copy," however accurate, can no more convey the actual 
impression it makes than a life-sized copy of it can that of an 
enormous colossal figure. 

Caserta is especially distinguished by a union of qualities that 
rarely meet together in other edifices of the same class — namely, 
emphatic vastness of mass and uniformity of design throughout. 
Its mass is such, that were the several ranges of building which 
compose its exterior, together with those that separate the inner 
courts, placed beside each other on a single line, similar to the plan 
of the Tuilleries, thev would form a fafade full three times the 
length of that of the last-mentioned palace, or considerably more 
than three thousand feet in extent. What enhances astonishment, 
although it adds nothing to the merit of the structure, is the ex- 
traordinary energy with which the works were carried on, the 
whole of the vast pile being completed in about half-a-dozen years; 
whereas many others, of far less magnitude, have either grown up 
piecemeal, or have occupied a long series of years ; so as not to 
have been begun and terminated by the same architect. 

From the way in which Mr. Sharp has expressed himself! it 
seems to be his opinion that— the similarity of design which he 
insists upon being admitted, — Blore's facade so fairly represents 
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Vanvitelli s (t. e. one of them), as to exhibit all its merits, not- 
withstanding that it exhibits qualities precisely the reverse. Yet, 
surely littleness and magnitude are very different in effect ; or 
shall we say, that if he he similarly shaped and proportioned, a 
dwarf can give us a very satisfactory idea of a giant ? Those who 
hold such doctrine, ou^ht to show their consistency hy taking a 
sixpence as a very satisfactory representative of, and equivalent 
to, a shilling. Hardly can I bring myself to believe that Mr. 
Blore had any idea of palming upon us a Tom Thumb Caserta, 
because, leaving plagiarism out of the question — and in architec- 
ture plagiarism has ceased to be any demerit or disgrace — he must 
have been perfectly aware that he must fall so greatly short of 
Vanvitelli's standard, that likeness in other respects would, if 
detected, only produce ridicule. No, what kind of likeness there 
is between the two designs is merely a coincidence, and for Mr. 
Blore rather an unfortunate one. Had it been intentional and 
“with malice prepense,” — had Mr. Blore really fancied that he 
could reproduce Caserta, he would no doubt have avowed the 
imitation, have made it a merit, and have crushed criticism in the 
bud, bv proclaiming that he was about to give Buckingham Palace 
a fafade “ after” that of the noblest royal residence in Europe.* — 
In such cases, be it observed, the after generally means a long way 
behind the prototype ; and the following comparison of the respec- 
tive measurements of some of the parts of tne two buildings will 
show that Vanvitelli s afforded no precedent for the mesquinerie of 
Mr. Blore's. 

Caserta . 

ft. In. ft. In. 

Basement or ground floor, mezzanine, 47 4 high 

Gateways through ditto 16 6 wide ; 36 2 high 

Principal floor windows 6 10 wide; 14 0 high 

Columns 49 0 high 


0 high 

6 wide ; 21 0 high 
0 wide ; 18 0 high 
6 wide ; 1 1 0 high 
0 high 


Buckingham Palace . 

Basement 26 

Gateways: centre one, 13 

lesser ones, 10 

Principal floor windows ... ... 4 

Pilasters 34 

After all, had its elevation been ever so much better, Mr. Blore's 
building would still have been open to some of the strongest ob- 
jections brought against it now, viz., that it seems to encroach 
upon the Park in such a very awkward manner, as to appear a more 
lumpish mass than it otherwise might do, and that blocking up all 
the rest of that side of the Palace, so far from improving the main 
edifice, it has frustrated that opportunity for improvement which 
previously existed, and which, since alteration to such extent was 
determined upon, ought to have been made the most of. As a 
range of building the new facade is scarcely more effective than the 
neighbouring barracks in the Birdcage Walk, to which it may in 
fact be likened quite as correctly as to Caserta ; nor would that 
comparison be, though less flattering, quite so injurious as the 
other, inasmuch as it must then be admitted that, instead of there 


being any falling off, the model had been refined upon. 

One defect in regard to position, now rendered very prominent 
by the building being brought so much forwarder into the Park, is 
that the Palace is not in the axis of the Park itself, but only of 
the Mall ; whereas, were Mr. Blore's structure planted at the other 
extremity of the enclosure, on the site of the Horse Guards, it 
would there show infinitely better in every respect, and, with some 
slight corrections, might pass for a handsome piece of architecture. 
As it is, it is altogether out of place, out of character, and the re- 
verse of satisfactory in effect ; nor can I a^ree with Mr. Sharp that 
were Mr. Blore “ to give the Palace a staircase resembling that at 
Caserta, the world would forgive him all the faults of his front ;" 
because while those faults would be just as evident as ever, the 
public would have no opportunity of admiring the staircase. Be- 
sides which, it would require the architect to be the Bottle-Conjuror 
to get such a staircase into Buckingham Palace ; and even could it 
be effected, it would reduce all the rest of the interior to utter in- 
significance. — One other remark, and I have done : for what will 
perhaps be considered lengthiness and loauacity 1 have no pre- 
cedent in what Mr. Sharp's companion, Woods, says in his “Letters'* 
of Caserta. for he dismisses it with little more than a bare mention 
of it,— with a degree of chilling indifference that does not say much 
for him either as an architect or a critic. 


• Quatremere de Quincy aaya of Caaerta : M Uoe plus {grande conception de palais 
n'eaiate point ea Europe.'* 


ON THE LAP AND LEAD OF THE SLIDE VALVE. 
( Concluded from page 17.) 


The Lead and Lap. 

Having separately investigated the two cases of a slide having 
Lead without Lap, and Lap without Lead, we now proceed to con- 
sider the effect of both in combination, together with that of lap 
on the exhaustion side. 

Demonstration . 

Case 4. — When a Slide has Lap on both the Steam and 
Exhaustion sides, together with Lead. 

Let a ft, and oc, diagram 5, represent the double lap on the steam 
side; af and ag y the same on the exhaustion side; fte, and erf, 

Diagram I. 



the steam ports ; and the line e d both the travel of the slide ami 
stroke of the piston. Then, supposing c h to represent the lead 
of the slide, ai will be the position of the eccentric when that of 
the crank is ae; the slide occupying the position shown in fig. lo, 
and the piston being at the top of its downward stroke. 



Pig. 10. Fig. 11. Fig. 12. Fig. 18. Fig. 14. 

When the eccentric reaches the point Ar, the port ed will be fully 
closed (as shown in fig. 11), and the piston will have descended to 
/, the arc e m being equal to the arc « k . Again,-— when the eccen- 
tric arrives at n, the slide being then brought into the position 
fig. 12, exhaustion commences from above the piston, which has 
descended to o; the arc e mp being equal to the arc i k n. When 
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the eccentric arrives at the port b e begins to open for the ad- 
mission of steam beneath the piston (see fig. 13), which has then 
descended to r ; the arc e ms being equal to the arc i kq. When 
the eccentric has reached the point t', opposite to i, the port b e 
will be open to the extent of the lead b h\ equal to c h , and the 
piston will have completed its descent. 

Steam continues to enter the port b e during the ascent of the 
piston, until the eccentric reaches the point Ar / , when the port b e 
will be reclosed (fig. 13), the direction of the slide's motion being 
downward, and the piston having ascended to /'. Exhaustion 
oeases from above the piston when the eccentric reaches the point 
/, the piston being then at ti, and the slide again in the position 
fig. 12. When the eccentric reaches the point n', opposite to n, 
exhaustion commences below the piston, the slide being then in 
the position fig. 14, and the piston at o'. Finally, — when the ec- 
centric reaches the point q', and the crank the point s', opposite to 
s, steam begins to enter the port cd for the return stroke, at the 
commencement of which the port c d will be open to the extent of 
the lead c h ; the crank and eccentric occupying their original po- 
sitions, a e and a t\ 

It is here shown that four distinct circumstances result from the 
use of a slide having lap on both sides of the port, with lead, 
during a single stroke of the piston. These are — 

First : The cutting off the steam, for the purpose of expansion. 

Second : The cessation of exhaustion on the exhaustion side. 

Third : The commencement of exhaustion on the steam side. 

Fourth : The re-admission of steam for the return stroke. 

With regard to the first of these results, we found the steam 
port c d closed, when the crank and eccentric had described the 
equal arcs cm, and idk. Now, cd, the steam port, is the versed 
sine of d k ; and h d, the steam port minus the lead , is the versed 
sine of id. Hence, 

Rule V. — To find the point of the stroke at which steam will be cut 

off'— 

Divide the width of the steam port, and also that width minus 
the lead, by half the slide's travel, and call the quotients versed 
sines. Find their corresponding arcs, and call them arc the first, 
and arc the second, respectively. Then, if the sum of those arcs 
be less than 90 degrees, multiply the versed sine of their sum by 
half the stroke, in inches, ana the product will be the distance of 
the piston from the commencement of its stroke, when the steam is 
cut off. 

If the sum of arcs the first and second exceed 90 degrees, sub- 
tract it from 180 degrees; and the versed sine of the difference, 
multiplied by half the stroke, equals the distance of the piston 
from the end of its stroke, when the steam is cut off. 

Example 8. — The stroke of a piston is 60 inches ; the width of 
steam port 3 inches ; lap on the steam side 2^ inches ; lap on the 
exhaust side £th inch ; and lead £ inch : required the point of the 
stroke at which steam will be cut off. 


Here 


3 

3 + 2-5 


•5454 = versed sine of 62° 58' (arc the first) ; 


and 


3 - -5 


= *4545 = versed sine of 56° 57' (arc the second). 

3 ”p 2*5 

Then 62° 58' + 56° 57' = 119° 55' ; and 180° - 119° 55' = 60° 5' = 
arc of versed sine, -5012. -5012 X 30= 15*036 inches = distance 

of the piston from the end of its stroke when the steam is cut off. 

Exhaustion was shown to cease, during the ascent of the piston, 
when the eccentric had reached the point t, and the crank the 

S oint-r; the crank having described the arc dkx , equal to i'et 
escribed by the eccentric. 

Now t'e is equal to arc the second (Rule V.) ; and et is equal to 
00 decrees minus 1 t', or the arc of versed sine ef ; and ef is half 
the slide's travel minus the lap on the exhaust side. Hence, 

To find the point of the stroke at which exhaustion ceases : — 


Divide half the slide's travel, minus the exhaustion lap, by half 
the gravel, call the quotient versed sine, and add its corresponding 
arc, calling it arc the third, to arc the second. The versed sine of 
the difference between their sum and 180 degrees, multiplied by 
half the stroke, equals the distance of the piston from the end of 
its stroke when exhaustion ceases. 


Example O.—The several proportions being as in the preceding 
example. 

Here 3 + 2*5 = 5*5 = half the slide's travel ; 

and =? *9772 = versed sine of arc 88° 42'= (arc 

5‘5 


the third). 


Then 88° 42' + 56° 57' (arc the second) = 145° 39' ; and 180° — 
145° 39' = 34° 21' = arc of versed sine, *1743. *1743 X 30 = 5*229 

inches = the distance of the piston fiom the end of its stroke 
when exhaustion ceases. 

Exhaustion was shown to commence from above the piston when 
the crank and eccentric had described the equal arcs e k p, and 
idn. 

Now idn is-equal to 180 degrees minus n i' ; n *' is equal to »' « ; 
and n' d is equal to arc the third. Hence, 

To find the distance of the piston from the end qf its stroke when 
exhaustion commences : — 

Subtract arc the second from arc the third, and multiply the 
versed sine of their difference by half the stroke. The product 
will be the distance required. 

Example 10. — The proportions being as in the two preceding 
examples. 

Here 88° 42' - 56° 57' = 31° 45' = arc of versed sine, *1496; 
and *1496 X 30 = 4*488 inches, the distance required. 

Steam was found to be re-admitted, for the return stroke, when 
the piston had reached the point r in its descent, the crank and 
eccentric having described the equal arcs ekf s, and idq. 

Now, idq is equal to 180 degrees minus qi' ; *' being diametri- 
cally opposed to t. And q t' is equal to » q', the difference between 
arcs the first and second. Hence, 

To find the distance of the piston from the end of its stroke when 
steam is re-admitted for the return stroke : — 

Multiply the versed sine of the difference between arcs the first 
and second by half the stroke, and the product will be the distance 
required. 

Example 11. — The proportions being as before. 

Here 62° 58' — 56° 57' = 6° 1' = arc of versed sine *00 55. 

Then *0055 X 30 = *165 inches = the distance required. 

Rule VI. — To find the proportions of the steam lap and lead ; the 
points of the stroke where steam is cut off, and re-admitted for the 
return stroke , being known : — 

When the steam is cut off before half-stroke, divide the portion 
of the stroke performed by the piston, by half the stroke, and call 
the quotient versed sine. Likewise, divide the distance of the 
piston from the end of its stroke when steam is re-admitted for 
the return stroke, by half the stroke, and call that quotient versed 
sine. Find their respective arcs, and also the versed sines of half 
their sum and half their difference. The width of the steam port 
in inches, divided by the versed sine of half their sum, equals naif 
the travel of the slide ; and half the travel, minus the width of 
port, equals the lap. The difference of the two versed sines last 
found, multiplied by half the travel of the slide, equals the lead. 

When the steam is to be cut off after half-stroke, divide the 
distance of the piston from the end of its stroke by half the stroke ; 
call the quotient versed sine, and subtract its corresponding arc 
from 180 degrees. Divide the distance the piston has to move 
when the steam is admitted for the return stroke, by half the 
stroke ; call the quotient versed sine, and find its corresponding 
arc. Then proceed with the two arcs thus found, as in the former 
case. 


Example 12. — The stroke of a piston is 60 inches ; the width of 
steam port 3 inches ; distance of the piston from the end of its 
stroke when steam is cut off 15*036 inches ; and when steam is 
admitted for the return stroke *165 inches : required the lap and 
lead. 

Here 15*036 -f- 30 *5012 = versed sine of arc 60° 5' ; 

and 180° — 60° 5' = 119° 55'. 

Then *165 -f- 30 = *0055 = versed sine of 6° 1'. 

119°55' + 6° 1' = 125° 56'; 119° 55' - 6° 1' = 113° 54'. 


125° 56' 


= 62° 58' = arc of versed sine *5454 ; 


1 13° 54' 

— - — = 56° 57' = arc of versed sine *4545. 


3 *5454 = 5*5 inches = half the slide's travel ; 

and 5*5 — ~ 3 — 2*5 — lap. 

*5454 - *4545 = *0909 ; and *0909 X 5*5 = *5 inches = lead. 


To find the Lap and Lead by Construction. 

The stroke of the piston ; width of steam port ; and distances 
of the piston from the end of its stroke when the steam is cut off, 
and when it is re-admitted for the return stroke, being known : 
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Let the circle (diagram 6) represent the crank’s orbit, and its 
diameter a ft the stroke of the piston, to some known scale. Make 

Diagram 6. 


a 



ae equal to the part of the stroke performed before the steam is 
cut off ; and ft d equal to the distance of the piston from the end of 
its stroke when steam is re-admitted for the return stroke. Draw 
de and cf at right angles to a ft, and mark the point g at the dis- 
tance be from f. Bisect the arc ag, and from the point of bisec- 
tion, ft, draw the diameter ft t. Make ik equal to be ; draw i m and 
k l at right angles to a ft ; and draw i l and i ft indefinitely. From 
the point m, set off m n equal to the width of steam port, full size ; 
from n draw n o parallel to i m, and meeting » ft , and also op pa- 
rallel to aft, and meeting ft i : then will s p equal the lap, and s r 
the lead. 

In all the foregoing cases, we have taken the versed sine of the 
arc described by the crank, from either extremity of the stroke, as 
the portion of the stroke performed by the piston ; but, as has 
been already observed, the relative positions of the piston and 
crank depend upon the length of the connecting-rod, which will 
be seen by reference to diagram 7, where A B represents the stroke 
of the piston, C D the connecting-rod, and D O the crank, Now, 


Diagram 7. 



by supposing a d to be the arc described by the crank when the 
piston nas performed one-fourth of its stroke, and from the length 
of that arc, calculating the amount of lap required to cut off the 
steam at that part of the stroke, we appear to be in error — for. 
from the oblique action of the connecting-rod, the piston would 
have descended only to the point c. But the engine being double- 
acting, we have to take into consideration the position of the crank 
when the piston has performed one-fourth of its stroke in the 
opposite direction from the point B : and here we find, that by 
supposing the crank to have described the arc be (equal to ad), 
instead of the true arc ft E, we cause the steam to be cut off when 
the piston has reached the point / ; and the distance B f being 
precisely as much more than B F as A c is less than AC, the seem- 
ing error is self-corrective. 


A Table of Multipliers to find the Lap and Lead, when the Steam is 
to be cut off at £ to \ths of the Stroke, 

The Lap must he equal to the width of the steam port multiplied by Col. 1. 
The Lead must be equal to the width of the steam port multiplied by Col. 2. 


Hair. Stroke. 

Five-Eighths 
of the Stroke. 

Three-Fourth* 
of the Stroke. 

8even-Elghtha 
of the Stroke. 


1 

2 

1 

2 

1 2 

1 

2 

Lap 

Lead 

Lap 

Lead 

Lap Lead 

Lap 

Lead 


2*41 

•000 

1 58 

•000 

1-000 *000 

*540 

•000 

5 es- -ooooo 

216 

*145 

1-41 

•124 

•893 -105 

•477 

•089 

"sfl -00208 

2*06 

*198 

1-35 

•170 

•851 -146 

•450 

•123 

■g'S -00416 

1-94 

•268 

1-27 

•231 

•795 -200 

•413 

•170 

*00833 

1*84 

•318 

1-21 

•276 

•754 -240 

•385 

•204 

5 & e -01250 

1-77 

•358 

1-16 

•312 

•723 -271 

•363 

•232 

B 5* -01666 

1-71 

•391 

112 

•342 

•691 *299 

•344 

•257 

*02083 

1-65 

•420 

108 

•368 

•668 -322 

•327 

•277 

gfi . -02500 

1*60 

*444 

1*05 

•391 

•644 -343 

•313 

•296 

= r- -02916 

1*56 

•467 

1*02 

•412 

•623 *362 

•298 

•313 

*•33 -03333 

1*48 

•505 

•968 

•449 

•586 -396 

•273 

•343 

-04166 

1*41 

•540 

•921 

•480 

•554 -425 

•251 

•370 

*1£ -05000 

1*35 

•570 

•881 

•508 

•526 -451 

•232 

•393 

,3 1-05833 

1*30 

•595 

•844 

•532 

•500 -473 

•215 

•414 

5 a « 06666 

1*25 

•617 

•810 

•554 

•476 *495 

•198 

•434 

iZ* -07500 

1*21 

•638 

•779 

•572 

•454 *514 

•183 

•452 

-08333 

1*17 

•657 

•751 

•592 

•434 -532 

•160 

•468 1 

HI -09166 

1 13 

1 

•674 

*724 

*607 

•415 -548 

•156 

•483 1 

H !i -10000 


Example of its application . — Stroke 36 inches ; width of port 2 
inches ; steam to be cut off at half-stroke ; distance of the piston 
from the end of its stroke when steam is re-admitted for the 
return stroke, 1*5 inches, 
l’o 

-- = 0833. Find that number, or the one nearest to it, in 

the right-hand or last column, and take out the multipliers on the 
same line under the head Half-stroke. 

Then 2 X 1 *21 = 2*42 inches = the lap. 

And 2 X *638 = 1*276 inches = the lead. 

R. B. C. 


HEALTH OF TOWNS COMMISSION. 

We may seem to be rather late in noticing the first report of 
the Metropolitan Sanitary Commissioners, but the first number of 
our new volume was so filled with other matter, that we were unable 
to do more than to call attention to the unfair way in which the 
profession has been treated by the commissioners and the govern- 
ment. Since then we are sorry to find that the design of employ- 
ing military engineers in making the survey of London is persisted 
in, and that at a time when numbers of experienced and well 
qualified surveyors in the metropolis are without employment. 

The first part of the Report is devoted to a consideration of the 
means necessary to resist the cholera. After a careful investiga- 
tion, they come to the conclusion, which appears to us to be well 
founded, that cholera is not contagious, and that the great means 
of lessening its ravages are to be found in improved sanitary 
arrangements, particularly in connexion with the sewage. 

To improve the sewage is their first step, and they have recom- 
mended and obtained the revocation of the old commissions of 
sewers. This is a measure to which we have already given our 
strongest advocacy, but we do not think that the commissioners 
have gone far enough. The Regent-street and Regent’s-park dis- 
trict remains a narrow slip, running up from the Thames across 
the drainage of the Westminster ana Holbom districts, and having 
a grand and deep sewer of nearly the capacity of the Fleet, which 
being employed as an outfall, would as we have before pointed out 
be immediately available in improving the drainage of a very large 
district. It is true that this is under the virtual jurisdiction of 
the Commissioners of Woods and Forests, but the commission 
ought to be at once revoked, and the jurisdiction transferred to 
the new metropolitan commissioners. The maintenance of this 
commission by tne government is a reason which will be used for 
the maintenance of the City of London Commission, which is like- 
wise left untouched, because, as the commissioners say, they have 
not had time to look into the case, but because, as we presume, Mr. 
Lambert Jones prevented it, and because the commissioners did 


Digitized by 


Google 




40 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


L February, 


not choose to get themselves involved in a contest with the cor- 
poration of London. 

The City Commission of Sewers has certainly been among the 
best managed, and this, perhaps, for the reason that they have 
always had a regular corps of officers ; but still there is no reason 
why the city should not derive the benefit of an amalgamation with 
the rest of the metropolis. Let the corporation choose a commis- 
sioner, and they will get a share of the influence, control, and 
patronage, as well as of the economy attendant on the new com- 
mission. If they do not accede at once they will not be able to 
secure the few dinners which they receive, while they will lose the 
power and patronage. At present the street sewers of the city are 
imperfect and unflushed, the gratings and gully-holes untrap- 
pea, the courts and alleys undrained, the footways and foot- 
pavements not cleansed, the house drains and cesspools in a dan- 

f 'erous condition, while the sewers convey miasma into most of the 
louses. The statistics of the city in the latter respect are most 
unfavourable, and show a fearful influence on the public health. 

The commissioners have given such evidence as to the necessity 
of consolidating the districts, that on the strength of that evidence 
we call upon them to complete their measure of amalgamation. 
They say — 

“Taking the works of cleansing as they now are, the preventive 
measure to which those works may be immediately applied with 
the greatest advantage is that of flushing. But to the general and 
effectual application of this most important operation, the state 
and separation of the several districts under the district commis- 
sions, presents itself as an insuperable obstacle ; and, in fact, the 
operation of cleaning out the sewers hy flushing them with water 
is in systematic use in only one of the upper districts, the Holborn 
and Finsbury district. 

u One district may flush its sewers, but the operation will be at 
many points only a removal of a portion at least of the refuse into 
the sewers of the adjacent districts, unless the operation be con- 
tinued through the intermediate districts to the outfall. The lower 
districts complain of being encumbered by the flushing operations 
in the upper districts. 

“ In the lower districts, which are flat, there are generally accu- 
mulations of refuse, and if in an upper district, which is under a 
separate jurisdiction, a part of the line of sewer is flushed to keep 
it free from deposit, the effect upon the lower district in which the 
flush exhausts itself, is to disengage more copiously the offensive 
emanations, for a time, by disturbing and adding to the deposit 
there, without removing it. Whilst the sewers of one district are 
left unflushed, or uncleansed, the emanations are driven by the 
wind into other districts, particularly from the deposits at the 
mouth of sewers in the lower to an upper district. When the 
sewers in the Holborn and Finsbury division have been clean 
flushed, it is stated that the inhabitants of that district, even up 
to the New River Head, have been annoyed by the currents of 
offensive gases up the sewers from the accumulations in the lower 
districts, where the same cleansing operations have not been car- 
ried on. For obvious reasons, additional supplies of water would 
require to be provided in the upper districts, and regulated, for 
application throughout the whole lines to the outfalls, without 
staying for separate and intermediate co-operation." 

One ^reat evil of the present system, and a cause of fearful ex- 
pense, is the disproportion between the area of the sewage sent 
through sewers and the area of the sewers themselves. 

“ Works to effect town drainage must be constructed for the re- 
moval of surplus or waste water from two sources ; the natural 
rain-fall on the town area, together with water from the springs 
derived from sources beyond the area which may often require 
separate arrangements ; and the pipe-water, brought into the town, 
and any refuse matter which it may have received in suspension or 
chemical combination. Setting aside for the present the consider- 
ation of the house drainage, and taking in the first instance, the 
secondary sewers, we give the following cross section, fig. 1, of a 
sewer draining two or three streets comprehending between one 
and two hundred houses. The depths of the ordinary run of sewer- 
water when there is no rain, is only about three inches, and the 
depth of the increased run of water on the occasions of the greatest 
storms, just covered the invert. 

“ The cross section, fig. 2, is a section of a main line of sewer in 
the Westminster district, draining about 90 acres of town area. 
The ordinary run of sewer-water does not cover the invert, and 
on the occasion of the greatest thunder storm of which there is 
any historical record in the metropolis, namely, that on the 1st of 
August, 1846, the flow of water was only 2 ft. 3 in. deep. 

u In general the flow of water in the collateral sewers of branch 
lines of street, even where all the houses drain into them, are mere 


dribbles, and rarely rise above the invert of the wide bottomed 
sewers as at present constructed, even in streets where all the 
houses drain into the sewers. The following are the consequences 
which take place in various degrees in nearly all the collateral 
sewers of every form of construction, though the best is the egg- 
shape form. 

“ The flow of water, being impeded, by the extent to which it is 
spread, is retarded, and a deposit is created ; this deposit becomes 
indurated to a degree whicn prevents its being removed by the 
flow of water occurring in ordinary rainfalls, and is not often con- 
siderably affected by any other than the extraordinary storms 
which occur in intervals of several years. 

“ The accumulations continue, and durdHthe process, the de- 
posit from the house drains spreads on the sides, and decomposition 
ensues. 

“ The accumulations in the sewers, as well as in the large house 
drains which communicate with them, are exposed to the action of 
much air, usually at such a temperature as greatly to facilitate 
decomposition. 

“ The accumulations increase until the house drains are entirely 
stopped up, when the deposit in the sewers is usually removed by 
the offensive process of hand labour ^and cartage, leaving the de- 
posit in the house drains untouched." 

It is well observed that very small currents suffice to keep sewers 
clear of deposit, if the inclination be good, and the flow be concen- 
trated and kept regular, for which it is considered that additions 
of small quantities of water would be sufficient at particular inter- 
vals and seasons. The commissioners therefore recommend the 
use as far as possible of glazed earthenware tubes. These were 
long since tried by Mr. Roe in the Holborn and Finsbury division, 
and afterwards by Mr. Phillips in the Westminster division, and 
found to discharge the water more quickly and to keep clear of 
deposit. They also prevent the passage of rats from the sewers 
into houses, because they afford no hold, and do not, like the com- 
mon brick drains, allow them to make burrows. 

Mr. Roe and Mr. Phillips also made observations on the flow of 
water from the main and side sewers and drains, which the former 
began so long as five years ago. 

In Mr. Roe's experiments he ascertained the rate of flow of water, 
through the common brick drains for houses, as well as through 
earthenware drains of the same capacity, and with the same run of 
water. As a general result it may be stated that the rates of dis- 
charge through earthenware pipes are very much increased, some- 
times as much as one-third. In the application of water for flush- 
ing, this is an important consideration, as by the use of the im- 
proved drains, a great saving of water will be effected. 

The house drains receive the water from small 1^-inch lead 
pipes from the kitchen sinks, and yet they are often made as much 
as 60 times the capacity of the pipes in the smaller houses. In 
these, square brick drains are put m, costing from 6d. to lid. per 
foot run, exclusive of digging, while in the larger houses bnck 
barrel drains of 9 or 12 indies diameter are put in, costing 1#. 4 <L 
or Is. 7 d. per foot run. As the bottom joints are put in without 
mortar or cement, the sewer water percolates through the drain, 
and infiltrates into the houses, while the solid matter, unwashed 
by any stream of water, festers at the bottom, and acts as a retort 
for supplying nauseous gases to the houses. It is true that the 
object in leaving the bottom of the sewers “ dry," or without mor- 
tar, is to let in the land drainage, but the effect is what we have 
stated, while it is rare to find a house drain free from deposit. 
The rats, too, by burrowing in the drains, put them out of order, so 
as to require their more frequent repair, and the whole working of 
the drains is as unfavourable as can be conceived, and as far as 
possible from the designs of the builders. A common house drain 
cannot be considered otherwise than as a nuisance. 

A twelve-inch drain is an expensive nuisance, while an earthen- 
ware pipe of four inches diameter (or, proportional to the house, 
of from three to six inches diameter,) keeps perfectly clear, and a 
three-inch pipe is found quite large enough to carry away the 
refuse from middle-sized houses. In consequence of the adoption 
of this improvement, the cost of drains from houses to sewers in 
the Westminster division, which used to be from £10 to £2 5, 
has been brought down to a charge of from £2 16s. to £4 10*., and 
even this is considered too high. 

Nothing shows the error oi the old system more strongly than a 
case given by Mr. Phillips of drains in Langley-court, Long-acre. 
An old small sewer, 18 in. wide by 2 ft. high, having a good fall, 
was nearly clean, while a new sewer, 5 ft. 6 in. high by 3 ft. wide, 
contained an average depth of three feet of soil, and the emana- 
tions from it caused the death of a poor man, and led to an in- 
quest. 
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We think Mr. Phillips fully justified in stating [p. 30], that the 
sewers are bad in construction, but the house drains are worse. 
He states that in going along the sewers, he has often tried 
whether the currents of air were flowing into the sewers, or out of 
them into the houses. By placing the fight which he had in his 
hand by the side of the house drains, he almost invariably found 
the flame carried into the mouths of the drains — showing that 
there must have been direct currents from the sewers through the 
house drains into the houses. Many of the gully drains showed 
an outward current into the streets, though some have a downward 
draught. 




Mr. Phillips gives his support to the statement that some neigh- 
bourhoods are at times afflicted with more noxious effluvia from 
the sewers, than if there were no sewers whatever. He thinks the 
great remedies are to keep a constant supply of water in the 
sewers, and to circulate it through them ; and to carry all the 
outlets under the side beds of the river, to discharge into the main 
stream under low-water level. Mr. Phillips has found that the 
atmosphere of districts near the outlets of tne sewers is liable to 
be affected with effluvia, when the wind happens to blow up the 
sewers. By carrying the outlets into the stream, he expects, more- 
over, to get rid of the filthy mud-banks, and the myriads of worms 
sweltering upon them. 

The Report notices the extended use of the eg^-shaped sewer in 
the Holborn and Finsbury and Westminster divisions, but remarks 
that the new sewers constructed are generallv of the same internal 
capacity as the old forms, and therefore disproportioned to the 
extent of the drainage. A further great saving will consequently 
be made in the new operations by reducing the size of the sewers. 
The commissioners observe, with justice, that the mere view of the 
ordinary run of sewer water in the sewers, or of the run of water 
on the occasion of heavy storms, might have led to some amend- 
ment in the construction of sewers without any gaging, had a view 
been taken of the flow in the lateral, as well as in the main lines 
of sewer ; but the sizes of all classes of sewers have been main- 
tained on the view of the main lines alone. Mr. Hertslet, the clerk 
to the Westminster commission, well observes that he has been 
perfectly at a loss to conceive, in traversing the sewers, why such 
immense sewers should be built to carry off such mere threads of 
drainage. He has seen sewers 5 ft. 6 in. high by 3 feet wide, built 
where, even during heavy rain, a 3 or 4-inch pipe would have car- 
ried off all the water. 

Mr. Phillips makes some curious remarks with reference to the 
size of current which would suffice to keep an ordinary sewer 
clean. In passing through the branch sewers, he has noticed that 
the currents of water are mere dribbles, and being spread over a 
flat surface are not strong enough to remove the soil. Looking at 
the currents, and comparing them with the extraordinary sizes of 
the sewers, it was easy to decide that the currents might be passed 
through pipes of from 3 to 9 inches diameter. Indeed, in a large 
number or the sewers, the currents have "cut narrow and deep 
channels for themselves, leaving the bulk of the deposit untouched, 
but showing^ as Mr. Phillips says, that nature was trying to remedy 
the faults oi art. Sometimes it is necessary to cut such channels 
throug;h the deposit, to allow of the flow of water. Acting upon 
this view, Mr. Phillips proposes to improve the flat-bottomed 
sewers, by bedding channel tiles along their bottoms, and filling 
them in behind with concrete, In the middle he would place a 
channel tile of say 1 foot diameter, having other flat tiles sloping 
down to it on each side. By this means, the currents would be 
concentrated on smaller sized channels, kept regularly in action, 
and therefore clean. 


Mr. Roe proposes to reduce tlie expense of sewage for one side 
of a sewer for a house of 17 feet frontage, which lately with 
upright-sided sewers was £9 11#. 3d., and now is with egg-shaped 
sewers £6 0#. 5d., — this he proposes to reduce to £2 19#. 6d. for 
first-class houses, and £l 14#. for sixth-class houses. In these 
latter charges is included the supply of water. The bottom por- 
tions of the larger sewers Mr. Roe proposes should be of well- 
prepared clay, moulded in blocks two feet long, and well burnt ; 
the upper portions to be formed of radiated bricks, laid in blue 
lias mortar. The smaller sewers are to be likewise egg-shaped, 
but to be made entirely of brown stone-ware glazed. Mr. Roe's 
first-class largest sewer is 3 ft. 9 in. by 2 ft. 3 in., with an area of 
6*6 feet, and costing 7#. per foot run ; his seventh-class, or smallest 
sewer, is 15 in. by 9 in., with an area of 9 inches, and costing 3#. 
per foot run. 

The greater part of the duties of the officers, Mr. Roe states, is 
taken up by attending to complaints of the stoppage of drains and 
sewers, and in superintending the removal of tne soil ; when, with 
a proper system of sewerage and house drainage, nearly the whole 
of the duties in that respect may cease. We agree with him that 
it is far better that a staff of officers should be constantly engaged 
in making examinations, in order to prevent filth from depositing 
and accumulating, than in waiting for it to collect and annoy the 
ublic with its noxious emanations, perhaps for weeks and months 
efore complaint is made and steps are taken to remove the eviL 

We think a great deal may be done by Mr. Guthrie's plan, men- 
tioned in the Health of Towns Magazine. In this he proposes to 
separate the house drainage from the surface drainage. The house 
drainage being conveyed in tubes, as stated by Mr. Roe, would, 
under the pressure of water, be carried to the outfall, without 
gully holes or other communications with the external atmosphere. 
The surface drainage in the secondary streets could be conveyed 
by the kennels, and in the main streets be received by the large 
sewers. 

The commissioners come to no decision ? at present, as to the 
use of chimney shafts, with currents of air created by heat, for 
ventilating the sewers and carrying off the noxious emanations, 
though they express their approval of the principle. 

In conclusion, we must again urge upon the commissioners the 
necessity of coming to some immediate decision respecting the use 
by the public of all sewers which have been built at the expense of 
the commissions, and at once abandon the extortionate demand of 
10#. per foot run on the frontage of a house, which, if it hanpen to 
be a corner house, may amount to the sum of £20, besides £5 more 
for making the drain, for a fourth-rate building that cost only 
£200. Every facility and encouragement ought to be given to the 
owners of house property to make drains into the public sewers, 
and so to abandon the pest of cesspools. 


CANDIDUS’S NOTE-BOOK 
FASCICULUS LXXVIII 


“ I must hare liberty 
Withal, as large a charter an the winds. 

To blow on whom I please.” 

I. Some have acquired a reputation for having a style of their 
own, merely because they have repeated the very same ideas over 
and over again, on occasions the most dissimilar ; and, so far from 
improving upon them, that their latest applications have been less 
appropriate and judicious than their earlier ones. Such decided 
mannerism ought rather to be taken not so much for consistency 
of style as for sterility and inactivity of mind. He who at all de- 
serves the name of artist — and architects claim it by courtesy, at 
least — is always enlarging the stock of his ideas, and is always 
studying, throughout the whole of his career. Without copying 
others he profits by what they have done, both by shunning the 
faults they have committed, and into which he himself might have 
fallen but for such evidence of them, and by borrowing from them 
hints and motifs , — after a very different manner, be it observed, 
from the mere plagiarist. There is no merit in not availing our- 
selves of ideas thrown out by others, more especially if it has been 
done so very imperfectly and at random, that very much more than 
was at first thought of remains to be made of them. u He," says 
Reynolds, “ who resolves to ransack no mind but his own, will 
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soon be reduced, from mere barrenness, to the necessity of copying 
himself." — Unvaried uniformity of ideas is not so much a sign of 
consistency as of limited power of conception and expression, and, 
moreover, occasions not only wearisome repetition but inconsistency 
likewise, the same mode of treatment being resorted to upon occa- 
sions and for subjects totally dissimilar from each other. 

II. “How many of us country architects," says Mr. Sharp, “are 
forced to take the counsel of our excellent friend, Percier, and in 
despair of executing large works, to bestow greater care upon lesser 
ones?" Well was it that the remark was put interrogatively in- 
stead of affirmatively, for in the latter case it ought to have been, not 
“ How many,” but “How few.” Were Percier s excellent advice to 
be followed by country architects — and for the matter of that, by 
town ones alsoy — did they invariably strive to make the utmost of 
the occasion offered them, however inconsiderable it may be in it- 
self, there would be far less of slovenly or else downright trumperv 
design than there unfortunately now is. The “ making the most'* 
of the occasion must not be misinterpreted : it is not to be under- 
stood as recommending or consisting in ambitious aim and preten- 
tiousness of design, and in mimicking larger things, as is frequently 
very absurdly done now, but on the contrary, in attempting no 
more than can be thoroughly accomplished, and so well accom- 
plished that for intrinsic merit of design and captivating effect the 
work may not only vie with, but surpass many others of greater note in 
ordinary estimation— chiefly, perhaps, because their size aflone ren- 
ders them conspicuous and imposing objects. Were this to be duly 
considered and acted upon, we should have less of vulgar architec- 
tural swaggering , and far more of real study of design, than we 
find now. It is precisely because there is so little of the latter, 
and because architects do not know how to impart to small or com- 
paratively small buildings such character as shall be both striking 
and appropriate, that we have so much random copying, and inju- 
dicious imitation, which serves only to remind us of merits belong- 
ing to the original that are altogether missing in the copy. — There 
is much more room for fearing and also for saying that, taken in 
general, our smaller provincial buildings show, if not ignorance of 
design, very great negligence of it — sometimes to a degree almost 
incredible, if we may believe what profess to be portraits of them. 
The Masonic Hall at Cowes, and the new Ipswich Museum, are so 
far from bearing out what Mr. Sharp says, as rather to prove that 
architectural taste must be at the very lowest ebb in those places, 
if not in anyother parts of the country. Such doings in the provinces 
are, it must be confessed, kept in countenance by similar Peck- 
sniffian achievements here in town, one of the most egregious 
of them being the College of Agricultural Chemistry in Oxford- 
street, which, small as it is, is any thing but an architectural minia- 
ture, for it has neither the delicacy nor refinement of one, but is 
no better than a vulgar and coarse architectural daub. Exceptions 
there are ; and for one of them, we may point to the elegant screen 
facade of Dover House ; or, to take a quite recent one, there is 
Mr. Hodgkinson’s newly-erected house in Park-lane, which affords 
striking evidence of what may be done within a verv limited space 
— how much beauty of composition and elegance of detail may be 
displayed in a narrow frontage. 

III. Music has, perhaps, been far more fortunate than Architec- 
ture, having escaped from the surveillance and trammels of archaeo- 
logical pedantry, in consequence of no musical compositions of 
the ancients remaining. No doubt they were altogether different 
in style from anything in modern European music ; therefore, had 
they been preserved and followed as wholesome precedents , would 
have checked rather than at all advanced the progress of the art 
in later times. To say that had the architecture of the Greeks 
and Romans perished as well as their music, it would have been all 
the better now for the former art, would incur for me the epithet 
of ultra- reprobate, and would, besides, be doing violence to my 
own feelings. Yet it is sincerely to be wished that its examples were 
studied more, and aped less, — studied rationally and aesthetically ; 
and then it would be perceived that admirable as they are in them- 
selves, and with reference to the purposes for which they were 
erected, they are either ill-adapted to, or furnish but very little 
towards, such an enlarged and complex architectural system as we 
now require. For actual practice, they afford us little more than 
a few varieties of column and entablature, arches, pediments, and 
such features, in regard to which we pique ourselves upon scrupu- 
lously adhering to the authority of some one particular antique 
example, although the structure to which they are applied is in its 
composition and physiognomy the very reverse of antique. As I 
have said, I believe, more than once before, modern architects 
have converted the orders into mere patterns , from which they have 
only to choose, without being put to the trouble of shaping out a 
single idea of their own* So that as far as the orders are concerned, 


they neither are nor are called upon to act as artists at all ; and 
as to the merit of truthful copying, that belongs rather to the 
operative stonemason than to themselves. There are many ancient 
examples that might be modified to greater or lesser extent, and in 
a variety of ways, without losing sight of the character of the type 
so followed. Nay, some might be considerably improved upon, and 
more consistently finished up than they appear to have been, unless 
they have been greatly mutilated. Take, for instance, the Ionic 
order of the Erechtheum, — surely such an exceedingly simple and 
severe cornice accords very ill indeed with such luxuriantly rich 
capitals, which seem to demand a corresponding florid character in 
what is the corresponding division of the entablature, and the 
crowning to the entire order. Together with want of keeping as 
to character, there is a falling off of effect where it ought, if any 
thing, to be increased rather than at all diminished. Obvious as 
this appears to myself, not one of those who have taken that ex- 
ample have ventured to depart from the exact letter of it, by sup- 
plying such a cornice as would complete and perfect it. Of the 
two, even an exaggerated cornice is a more pardonable fault than 
a starveling one. The reproach of heaviness is preferable to that 
of poverty and meanness. 


AIR-TIGHT GRANARIES. 

Three conditions are essential to the process of putrefaction of 
grain, viz. : heat, moisture, and still air. With wind, moisture is 
carried off; with cold, the decomposing process is checked, as may 
be seen by the carcases of animals that Be through the winter in 
snowy mountains, and dry up to glue. Without air, everything is 
locked up and remains in statu <pio ; as reptiles have been buried 
for ages in blocks of stone or ancient trees, and then resumed their 
vital functions, unchanged by time. In direct opposition to these 
principles are the granaries of Great Britain and other countries 
constructed. Their site is generally the bank of a river, or the 
sea side. They are built or many floors, at a vast expense. Men 
are continually employed to turn the grain over, to ventilate it, 
and clear out the vermin ; and the weevil is naturalised in every 
crevice, as surely as bugs in neglected London beds, or cockroaches 
in West Indian sugar ships. It is the admission of air that per- 
mits this evil, that promotes germination, that permits the exist- 
ence ot rats and mice. In the exclusion of air is to be found the 
remedy. Granaries might be constructed under ground as well as 
above ground ; in many cases, better. They might be constructed 
of cast-iron, like gasometer tanks ; or of brick and cement ; or of 
brick and asphalte, like underground water-tanks. It is only re- 
quired that they should be air-tight, and consequently water-tight . 
A single man-hole at the top is all the opening required, with an 
air-tight cover. Now, if we suppose a large cast-iron or brick 
cyfinder sunk in the earth, the Dottom being conical, and the top 
domed over ; an air-pump adjusted for exhausting the air, and 
an Archimedean screw pump to discharge the grain, we have 
the whole apparatus complete. If we provide for wet grain, a 
water-pump may be added, as to a leaky ship. Suppose, now, a 
cargo of grain, partly germinating, and containing rats, mice, and 
weevils, to be shot into this reservoir, the cover put on and luted, 
and the air-pump at work, the germination would instantly cease, 
and the animal functions would De suspended. If it be contended 
that the reservoir may be leaky, we answer, so may a ship ; and if 
so, the air-pump must be set to work just as is the case with a 
water- pump in a leaky ship. One obvious cheapness of this im- 
proved granary over those existing is, that the whole cubic con- 
tents may be filled, whereas, in the existing mode, not above one- 
fourtb ot the cubic contents can be rendered available. But many 
existing structures might be rendered eBgible. For example : the 
railway arches of the Eastern Counties, the Black wall, and the 
Greenwich. Reservoirs might be erected in farm yards, or in- 
asmuch as it is a certain thing that all farms must ultimately 
communicate with railways, by means of cheap horse-trains, or 
steam sidings, in order to work to profit, it would be desirable that 
the granary should be erected at some central railway station, 
where a steam mill would do the work of exhausting the air, dis- 
charging the grain by Archimedean screw when required, and 
grinding it into meal. No better purpose could be found to which 
to apply the atmospheric engines and stations of the Croydon 
Railway, with their existing air-pumps. Communicating witn all 
the southern wheat-growing counties of England, and also with 
the Thames, no spot could be more eligible as a central depot. — 
Westminster Review. 
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ON WING WALLS OF BRIDGES. 

By R. G. Clark, C.E. 

As the drawing of wing walls to railway bridges offers some 
difficulty when the embankments or cuttings are very high, to 
obviate this is the object of the present paper, which relates to the 
investigation of some simple formulae to determine the angles 
made by the exterior lines of wing walls with the face of a bridge ; 
the plane of projection being taken on a level with the rails or 
road, when the latter is level. 

There are two cases to be considered. — 1st. When the coping of 
the wing wall makes a given angle with the face of the bridge, or 
is parallel to the abutment, as in the case of a skew bridge. — 
2naly. When the coping is perpendicular to the face of the 
bridge. 

1st. Let B H be the line of the face of the bridge on H B E D, 

the plane of projection as 
before mentioned ; C D the 
exterior top line of wall ; C e 
the given Datter, perpendicu- 
lar to B D. The Z H C D 
being given, or D C drawn 
parallel to B B', as in the case 
of a skew bridge, draw E D 
parallel to B H ; and BE, C F, 
respectively, perpendicular to 
E 6. For the sake of sim- 
plicity, we will first determine 
the zCDB. 

Let the slope of embank- 
ment or cutting be as m to 1, 
and the batter of wing wall 
Now, ZCDE = zHCD. 
slope C F zn m h ; and batter 

C e of wing wall = 

Then, by the right-angle triangle C F D, we have 

mh 
sin 0 

Also, by triangle CeD, right-angled at e, we have 
mh . 1. . sin_# 

sin 0 * •• n * mn 

ZHBD= ZHCD or zCDE - ZCDB. 

Example. Given the angle of obliquity HCD r 20°, slope 
]£ to 1, and batter 1 in 5, to determine the angle of wall HBD: 



sin e : mb:: 1 


= DC. 


= nat. sin Z C D B. 


.( 1 ). 


By formula 


nat. sin 20° 


2 X *34202 


= *04560 nat. sin 2° $7$'; 


4x5 ~ 15 

therefore, ZHBD = 20° — 2°37£ = 17° 22* 30" required. 

2ndly. When the coping is perpendicular to 
the face of the bridge . 

Then sin 0=1; 

consequently, sin Z C D B = — . 



Hence, cos C B D = 


mn 


( 2 ). 


Examples. 

When the slope is 1 to 1, and batter 1 in 5. 
Then nat. cosZ CBD = *= *2 = nat. cos of 78°27'. 
When the slope is to 1, and batter 1 in 5. 

Then Z C B D = 82°20\ 

When the slope is 2 to 1, and batter 1 in 5. 

Then ZCBD = 84° 15'. 

From the above it appears, that the actual height of the slope, 
and the batter in feet, &c., have no occasion to be taken into con- 
sideration ; but only their respective ratios, as above given. 


RAILWAY AND STEAM NAVIGATION DEFENCES. 

The course which the Duke of Wellington has thought fit to 
take, in furtherance of the measure of increasing the army under 
his command, has given a new strength to the alarmist party. We 
say, advisedly, that the Duke's letter to Sir John Burgoyne can 
only be taken as the statement of an advocate, using every means 
to make out a case ; for there is evidence enough in that letter to 
show the impracticability of an invasion, if it were consistent to 
suppose that a commander so experienced could countenance a 
scheme, which the youngest staff-officer knows is in no way 
feasible. In considering the subject, we do not think it necessary 
to analyse the Duke' s letter, because we do not look upon him as 
a believer in the invasion scheme ; but we shall take up the ques- 
tion upon its own merits, which are certainly small enough, com- 
pared with the clamour which has been made by so many parties, 
and of which the Commander-in-Chief has so skilfully availed 
himself, to further the views of his own department. 

It is one of the consequences of thirty -two years of peace, that 
the present generation know little of war or of military affairs, 
and it is therefore open to ignorant or restless officers to impose 
upon them statements, which do not meet with the countenance of 
men well informed in their own profession, and which are not con- 
sistent with historic proof. With the public an officer is taken as 
an authority in virtue of his epaulettes ; but, nevertheless, he is as 
an officer no more an authority on this question of invasion, than 
the most ignorant civilian. It is one of the misfortunes of the 
English army, that there is no guarantee for the qualifications of 
its officers ; and, notwithstanding the growing desire of improve- 
ment among military men, it cannot be denied that it is much rarer 
to find a man well acquainted with his profession than otherwise, 
for there is no security, and it may be said no encouragement, for 
proficiency. In the navy, and in the artillery, an examination 
must be passed ; but, under the system by which the army is offi- 
cered, except the few college cadets, a man may be put in command 
of an army r whose only qualification is that he can manoeuvre a 
battalion on parade. Neither is the service of the English army 
calculated to qualify an officer for European warfare, for the staff 
arrangements even of an Indian campaign will give no schooling 
for a war in the old battle-field of Flanders. One of the defences 
we most want is a good staff of officers, and money cannot be 
better laid out than in enlarging the military colleges, and en- 
couraging the studies of officers. In the meanwhile, we hope the 
public will not allow themselves to be frightened out of their wits 
Dy men who know no more of the organization of an army of fifty 
thousand men than a drummer-boy does; and, at any rate, to 
accept with caution any statements which have not the support of 
common sense and historical evidence. 

It is very easy to start with the hypothesis of 50,000 Frenchmen 
on the Sussex coast, and to talk of the capitals of France, Austria, 
Russia, and Prussia having fallen into the hands of an enemy; but 
it is so difficult to conceive how a French army of 50,000 men, or 
of any other force, could be brought to London, that any general 
being offered the command of such an expedition, would give it up 
in despair. In order that a French army may land upon the 
English shore, there must be no political disorganization in France, 
and there must be political disorganization in England. Our great 
protection hitherto against invasion from France, has been the 
political disorganization of that country by the League, the Pro- 
testants, the Camisards, the Girondists, or the Chouans. or by the 
irruption of Prussians, Spaniards, or Savoyards. Napoleon never 
hoped to be able to make an effectual invasion of this country, 
unless he could make a political diversion, by securing the neu- 
trality of parties in opposition to the government. How futile 
was that dependence is well known ; and though some may, in the 
present time of calm, believe that political factions might here- 
after be brought to sympathise with an invader, yet such coalition 
would become impossible when war shall break out, and the old 
feelings of bitter hatred be awakened. This is a disturbing in- 
fluence which cannot be readily overcome. There is nothing more 
difficult than to overcome a people in their own country, with 
whatever force, if united in resistance. France will give the ex-* 
ample. If, in 1814 and 1815, the allies were able to make their 
way to Paris in the then political disorganization of the country, 
yet, in the early part of the war, under the Duke of Brunswick, 
though France was unprepared, the invaders were driven back with 
loss. 

The circumstances under which an invasion of England will be 
practicable are — the union of the French, High Dutch, and Rus- 
sians, the destruction of the naval power of England, our political 
disorganization, and the agreement of a large part of the people 
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to welcome the invader. This country has not yet had an enemy 
on its shores, and it is not to be judged like France, Flanders, 
Holland, Italy, Germany, and Spain. 

Before coming to our own particular view of the question, we 
have a few observations to make upon the military and naval part. 
The hypothesis of an invasion must be under these forms : — of an 
army of 200,000 men, or of an army of 50,000 ; of an army with 
cavalry, artillery, pontoons, provisions, and train, or of an army 
with light mountea artillery. Confining ourselves to an army of 
50,000 under either of the latter two conditions : such an army, 
with 10,000 horses for cavalry, 400 or 500 pieces of artillery, horses 
and carriages for artillery, ammunition, provisions, and train, 
would require greater steam accommodation, and take greater time 
in landing. It would, consequently, defeat itself, by giving more 
time for the muster of forces against it. On the other hand, a 
mere incursive light force of 50,000 men, would be defeated by 
want of means to overcome the usual obstacles of delay. It would 
want cavalry to drive off the swarms of local mounted skirmishers, 
and to make its reconnaissances ; it would want means of crossing 
rivers ; and when its brigades before concentration were brought 
in front of a regular force in position, it would want heavy cavalry 
and artillery. If the wounded men were picked up they would 
encumber tne march, and if left behind they would be massacred j 
by the local skirmishers hanging on the rear ; so that the men 
would soon become demoralised. Three days' stay in a wasted 
country would leave such an army, even if concentrated, without 
provisions or ammunition, with its ranks thinned and dispirited by 
death and fatigue. If it attempted to fight, every man would be 
butchered. Indeed no worse fate can be wished for any man than to 
have the command of a brigade in an army of invasion of England. 

Persons who are ignorant or ill-advised, may say that we have 
no regular force and no military spirit in the country ; but those 
who take the trouble to calculate know that this country has at all 
times had great military resources, and at no time so much as at 
the present. Turn back the pages of the history of England, and 
watch the progress of preparation. The regulars in England are 
increased by scores of thousands at a time ; sixty thousand militia 
are embodied and used as regulars ; an army oi reserve is called 
out ; local militia are brought into the ranks of the regular army ; 
three or four hundred thousand volunteers are enrolled ; and, in 
1808 for example, seven hundred thousand men are in arms in the 
islands, besides a vast fleet patrolling around. Since then, the 
population has doubled, and that seven hundred thousand men will 
become a million and a half, with the levy en masse to back them. 
England, without allies, can never be lost, if only true to herself, 
though the nations of Europe should be poured on her shores. No 
enterprise could be more dangerous tnan to land troops in a 
thickly-peopled country, among a brave and warlike population, 
strengthened with all the resources of knowledge and wealth. 
For what would this to be attempted? To take the land, but to 
fill the shores of the Atlantic, and the waters of the deep, with a 
fierce people, who, as the Hollanders once threatened to do, would 
take to their ships and seek a new country, whence they could turn 
upon their oppressors. 

It should be noted that it is an old regulation, always renewed 
in time of war, that in case of invasion, all corn, cattle, and 
people, within twenty miles of the shore, must be driven up the 
country, and the district wasted, and efficient means are provided 
for effecting this. England in time of war, and Englana in time 
of peace, are different countries, and it is certainly not matter of 
blame that the government, in the thirty-second year of peace, do 
not harass the country with the troubles of war-time. Why are 
m artel lo towers, shot furnaces, and batteries to decay upon the 
coast, heavy artillery to rust, and men to be taken from their shops 
and homes to the drill ground, when all that is wanted in this way 
can be done when the time comes ? 

As to sudden invasion at this moment, it is a bugbear ; but we 
are always ready to urge that a consistent system of preparation 
for war shall be carried on : but then in our opinion the means are 
simpler than those usually put forward, and are not to be sought 
in the army estimates, but more immediately within the scope of 
what are commonly called the engineering operations of the coun- 
try. We do not advocate an increase of the standing army; we 
have no faith in the fortification of Portsmouth, Plymouth, and 
other towns, as strong places ; we do not think it necessary to lay 
down batteries on the coast, or to mount them with heavy artil- 
lery ; still less do we advocate the calling out of the militia. We 
may observe, that the government of this country have always 
wisely shown an indisposition to put arms into the hands of the 
people in time of peace, because they are not under the bond of a 


feeling of hostile invasion, which in time of war prevents a mis- 
application of arms to interference in the civil government. 

We consider that a due attention to railways, steam navigation, 
and the telegraph system, will in time of peace be the most effi- 
cient means of providing for the defence of the country. We are 
no longer in the position we were a few years ago, when the sudden 
growth of steam navigation threatened military and naval men 
with a new instrument of aggression, against which they had no 
means of defence. Then there might have been occasion for 
alarm, had war broken out ; but since then, the development of 
the railway system has provided an adequate power of resistance ; 
while, more recently, the establishment of electric telegraphs has 
thrown the scale of preponderance in favour of the defensive re- 
sources. We can no longer be in doubt in what direction we are 
to apply our means and make provision. We must avail ourselves 
of those three great branches of national enterprise which we have 
already named. Do not let any think us over-professional in 
taking this view of the matter, for this is the side on which the 
Duke of Wellington looks at it. He takes his case on a steam- 
navigation invasion, on this new development of scientific re- 
sources ; and the fair way to meet it is to consider what resources 
of such kind are available for the purposes of defence. Engineers 
and manufacturers have created the means of invasion, and they 
must provide us, to some extent, with the means of defence. 

Considered in reference to the defence of the nation, nothing 
can be more unwise than that legislative interference which has 
restricted railway enterprise. Even were it true that there was an 
undue competition for railways, and that capital was diverted into 
this branch of investment, still, so far as the country is concerned, 
it is desirable that as many railways as possible should be made. If 
we are asked whence the capital comes for railway construction, 
we can have an answer which springs from the very matter now 
under discussion. In time of war, we keep a couple of hundred 
thousand regulars and militiamen, giving no productive return. 
In time of peace, we can employ two hundred thousand navigators, 
or, in reference to our present means, four hundred thousand navi- 
gators, in making railway works. At present, out of an income of 
fifty-five millions, thirty millions are a mere transfer of capital, in 
the shape of interest on the debt ; the remainder is the effective 
drain upon the energies of the country; and every addition of 
twenty thousand men to the military forces is a deduction of so 
many men. and of one million yearly, of so much productive labour 
and capital rendered unproductive. We can carry on such great 
railway works while other countries cannot, because France, for 
instance, keeps three hundred thousand, or four hundred thousand, 
men under arms, — doing no good, but, on the contrary, weakening 
its resources. 

The less interference with railway legislation and management 
the better, for it results only in public inconvenience. Had it not 
been for this interference, we should now have had coast lines all 
round the island, and been provided with sufficient converging 
lines from the great seats of population. As we stand now, the 
southern coast line is incomplete, the line to the west coast is in- 
complete, the eastern coast is neglected, and indeed the communi- 
cations are left in such a state, that in time of war they will 
require to be completed at the national expense. If erroneous 
views of policy had not prevented it, we should have had at 
present the following lines available for the south coast defence: — 
A line along the south bank of the Thames, to Dover, to Hastings, 
to Brighton, to Shoreham, to Fareham, to Portsmouth, and to 
Southampton, giving the means for pouring down troops most 
rapidly ; whereas, through the fear of competition, we are left 
with tne present inadequate accommodation. If the plan of traffic 
estimates and investigations had not been followed, and parliament 
had not undertaken the futile inquiry whether a line would pay or 
no, we should have had lines enough made by those who are the 
best judges how to invest their money. It is, however, the conse- 
quence of the meddling policy, that it always reacts to produce 
serious inconvenience to the country, without doing the slightest 
good. 

Now that railway enterprise has been suppressed and knocked 
down, it becomes the duty of the government to aid the companies 
in carrying out the necessary worfcs. Among them are the bridge 
over the Thames to connect the north and south railways ; the 
branch of the Brighton railway from Croydon to Wandsworth ; 
the union of the Portsmouth and Gosport lines; and the extension 
of the Brighton and Hastings line through Rye to Ashford. Lon- 
don is the seat of a population which will afford four hundred 
thousand able-bodied soldiers, between fifteen and sixty, to be 
poured down to any point of the coast between Dorchester and 
Harwich ; and it is therefore necessary to provide accommodation 
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for bringing this great reserve to bear upon any point attacked. 
The metropolis also is the reserve for defending the whole of the 
northern and west coasts, in case of insufficiency of local force. 

It has been recommended that the railway companies should be 
encouraged to adapt their wagons so as to carry heavy artillery ; 
but this is unnecessary, though they should have provision for 
carrying light artillery. This country, yielding more than one 
million and a half tons of iron yearly, can supply any number of 
heavy carronades to carry 68 lb. hollow shot or solid red-hot shot. 
In case of need, a thousand carronades could be cast daily. The 
coasts can be lined with heavy ordnance, and provided with fur- 
naces for heating shot, the guns being worked by the local fencible 
artillery. If the enemy effected a landing, tne guns would be 
spiked and left on the spot. Guns would likewise be brought up 
along the line of the enemy's march, and upon the fortified lines 
and camps, and as each position was abandoned the guns would be 
spiked. There would be no object in lugging about heavy pieces, 
and the enemy would not move spiked iron guns, if they had the 
train to do it. 

Every encouragement should be given to telegraph companies to 
lay down wires, for although we have got to a certain sta^e of 
advancement, the electric telegraph system in this country is far 
from being in a satisfactory state. It seems very desirable that it 
should not be left a monopoly in the hands of the Electric Tele- 
graph Company or the government, who, by inveterate adherence 
to one system, may check the course of improvement. The use of 
the needle telegraph by the company we believe to be fraught with 
great inconvenience, and indeed, in particular conditions of the 
weather, as the needle telegraph will not work, it may become 
useless either to announce an invasion or to communicate orders. 
It is to be observed that the electric telegraphs for the south coast 
are in a bad condition. The coast line is not completed, and the 
South Devon line is said to work imperfectly. The telegraph on 
the South-Eastern is worked in a complicated manner ; there is no 
telegraph on the Brighton. There is a telegraph on the South- 
Western; but on the Great Western, none beyond Slough. We 
say nothing about military communications with the inland sta- 
tions, or with Chatham, Plymouth, and Milford. All this requires 
looking to, so that every encouragement be given to complete the 
system ; and in case of need, the government must themselves lay 
down wires. 

The steam navigation resources of the country must be culti- 
vated by a prudent legislation. On this head, as on railways and 
telegraphs, private enterprise is ready enough to work without 
requiring any great expenditure on the part of the state ; but, un- 
happily, legislation has generally been unfavourable to private 
enterprise, or so tardy, that private resources have been exhausted 
before public aid was afforded. The Great Western Steam Navi- 
gation Company was allowed to drop, when slight aid from the public 
would have given it an impulse, and we might had a weekly line to 
the United States before now. Mr. Waghorn is still urging upon 
the government the packet line to Sydney, and Mr. Wheelwright 
has not too much reason to congratulate himself on the aid afforded 
to Pacific steam navigation. From the tardiness of the govern- 
ment, the Great Western, the Cape of Good Hope, and the Bahia 
Steam Navigation Companies have been ruined, the Pacific Steam 
Navigation Company has been kept in difficulties, and the Royal 
'Mail and Peninsular Companies long had to struggle amid depres- 
sion and neglect. 

The line to Australia should at once be authorised, as also one 
to the Brazils. Already a steam marine has sprung up in Sydney, 
and it would be much extended under the impulse of a steam com- 
munication with the mother country, while a slight encourage- 
ment would fill with steamers the harbours of our possessions on 
the Indian ocean, and greatly augment their defensive resources. 

It is very desirable that examinations should be established for 
masters, mates, and enginemen of steamers, but accompanied with 
the distribution of such prizes for proficiency as should stimulate 
the acquirement of professional knowledge, and raise the character 
of the persons employed. 

With a population of fifteen or sixteen millions on sixty thou- 
sand square miles, and with vast material resources, nothing but 
the imbecility of a government, or the treachery of a party, would 
make a foreign invasion possible ; and one great source of moral 
strength and confidence is a knowledge of those resources. What 
can be more desperate than the embarkation of landsmen in steam- 
ers and small craft, which, if the sea-force of England be annihi- 
lated, must still be landed on a hostile shore under a well-directed 
fire of red-hot and hollow shot and shells from heavy pieces. By 
the time a landing is effected, the local force is mustered, troops 
pour in from all quarters, the people, cattle, and corn are driven 9 


the roads and bridges broken up, and the enemy would have to 
advance under the fire of mounted and dismounted sharpshooters, 
lurking in a country full of hedges, ditches, and enclosures. 
Every bridge and culvert would form an obstruction, every grove 
of trees near the roads be cut down for an abattis ; barriers would 
be formed at the hamlets and villages, and guns mounted in the 
churchyards, mills, and on the hill-tops. In the face of such ob- 
stacles the enemy would have to advance, each man carrying sixty 
rounds of ammunition and three days* provision. Tirailleurs 
would have to be thrown out around the column of the moving 
brigade, and, after two or three miles' advance, more must be kept 
in the rear, as the skirmishers would get behind, in order to 
slaughter the wounded, for it is well understood in such affairs 
that no quarter is given. The brigades landed at various points 
along the course, would have their communications interrupted by 
the deep and wide mouths of the rivers, and their progress impeded 
by gorges and steep passes in the chalk range, which would admit 
of a stand being made by the local forces. The brigades would 
not know whether their whole army had made good its landing, 
and would not in many cases know the fate of the brigades on 
their flanks ; while, at the points named for the concentration of 
the divisions, many brigades would not be able to get up, and 
movements would be necessary in flank and rear to extricate bri- 
gades which were cut off and surrounded. Every hour lost to the 
invaders would be thousands of men added to the protecting force, 
and if divisions could be got together for an advance, they would 
then have to carry entrenched camps and fortified positions, against 
a superior force well provided with cavalry and artillery, and 
knowing that the carrying one strong position was only shifting 
the field of battle to another strong position in the rear. When 
it is considered that in a broken country, swarming with skirmish- 
ers, a force weak in cavalry could not keep up communications 
without moving such a body of men as could aefend themselves 
and cut their way through, the demoralization of the invading 
force within twenty-four hours would be certain. A very hard 
day's w ork would have to be done ; nothing would be known as to 
the fate of other portions of the force ; many of the men would 
have become the victims of the infuriated skirmishers; and a night 
would come on, when a large force would have to be detached for 
piquets and outposts, of which the sentries w ould be picked off on 
their guards, while the outposts would be driven in by night 
attacks. The next morning would offer the choice of a surrender, 
a retreat, or an attack from a superior force ; and this without 
having got more than twenty miles from the coast. This is rather 
a different picture from that drawn by Lord Ellesmere, of the 
guards marching out of London ; but then it is the true one, 
which those who have had experience in such matters will recog- 
nise. 


REGISTER OF NEW PATENTS. 

PNEUMATIC SPRING. 

Moses Poole, of the Patent Office, London, gentleman, for “ /m- 
provements in the construction of pneumatic springs ." — Granted May 
22; Enrolled November 22, 1847. (A communication from a 
foreigner.) 

The nature of this invention consists in applying the elasticity 
of atmospheric air, or any permanently elastic gas by means of air 
expanding and contracting chamber or chambers, made in one, two, 
or more parts, and connected together by means of two or more 
belts of india-rubber cloth or other flexible or impermeable material, 
with alcohol or other liquid interposed, the more effectually to pre- 
vent the escape of the gas or air contained in the apparatus, and 
to aid in relieving the flexible connexion, and preventing its rup- 
ture from the action of the weight or force on the spring. 

This mode of connecting two vessels being applicable without 
the air to other purposes, such as hydrostatic presses, &c., by 
forcing the water into or between the two vessels. 

And the improvement also consists in providing this apparatus 
with one or more of what is denominated a respiratory chamber or 
chambers, attached to one or both ends of the apparatus, and sepa- 
rated from the main chamber of the apparatus by a diaphragm or 
diaphragms perforated with holes, which will check the passage of 
the air, and thus relieve the apparatus from the injurious effects of 
sudden shocks. 

The manner in which it is preferred to construct this apparatus 
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is represented in the accompanying drawings, in which b, fig. 1, 
is a metallic conical vessel, with a concave 
plate or disc at bottom. The upper edge 
of this vessel is bevelled in wards around 
its circumference to receive the edge of 
the belts/ and g , the inner edges of which 
are there secured by a plate e, depressed 
or sunk in the centre,’ which has a bevelled 
and grooved flanch, so that when the plate 
is drawn towards the bottom plate by 
four or more screw-bolts A, the belts are 
griped and firmly held between the grooved 
edge of the vessel and the bevelled or 
grooved flanch. The outer edges of the 
belts f and g, are connected with and held by the cylindrical 
vessel «, which surrounds the vessel 6, having space enough be- 
tween the two for the working of the belts, which by the pressure 
of the contained air are alternately pressed against and sustained 
by the inner periphery of the conical vessel. The belts are secured 
in vessel a, by making its cylindrical part in two portions. The 
edges of these two parts, where they come together, are bevelled 
or grooved to receive the outei edge of the belts, which are there 
griped and firmly held by drawing the two parts a and a together 
by means of screw-bolts t, that pass through the head of the vessel 
fl, and a flanch in the part a. 

The connecting-belts f and g , are flexible hoops of india-rubber 
or other flexible substance impermeable to air, and the edges being 
firmly held, the space j between the two is filled with alcohol or 
other liquid, which not only prevents all possibility of air passing 
through, but brings an equal pressure on all parts to prevent rup- 
ture. 

The connexion of the two vessels a and A, by means of the belt, 
divides the apparatus into two parts or chambers a ' and b\ the plate 
or diaphragm e being the division, the inner and depressed cir- 
cumference of which is perforated with holes to break the passage 
of the air, as the chamber o' is enlarged or contracted by the 
movement of the two vessels on each other ; this perforated plate 
is, therefore, termed a respirator, as it permits the passage of the 
air from one chamber to tne other, and at the same time checks its 
too sudden passage, and therefore avoids to a certain extent all 
sudden jars in cars or other bodies having such springs inter- 
posed. 

The motion of the two vessels on each other is guided by a rod 
Ar, attached to the head of the vessel a, which passes into a tube L 
which tube arises from the bottom and centre of the vessel A, ex- 
tending through the centre of the respirator or plate e ; or guide- 
rods may be applied ontside. The vessel 6, instead of being coni- 
cal, may be cylindrical, but the two vessels should be so formed as 
to present alternately a supporting surface to the belt, which in 
consequence of the pressure of the air in the chamber a', rolls 
gradually from one surface to the other, and is therefore at all 
times supported by either one or the other, or both of these sur- 
faces. 

Instead of one respirator or perforated diaphragm two or more 
may be employed, the more effectually to ease off the passage of 
the air as it is compressed or expanded, and this respirator may be 
of any desired form, and may be located in any part of the two 
chambers. 2 . 

. Instead of the double belt 
above described connected 
together at the edges, it is 
contemplated to place two or 
more single belts separated 
from each other, as repre- 
sented at fig. 2, with the 
liquid in the space t ; the 
holes t , being made through 
the outer casing for the in- 
troduction of the liquid and 
closed by a screw-plug. 
When this apparatus is used 
as a hydrostatic press, the 
. water is forced into the 
chambers a apd 6, by any of the known means which forces apart 
the two vessels a and b , in the same manner as in the cylinder and 
piston press, except that the friction of the moving part is avoided. 
Air is to be forced ipto the chambers when the apparatus is used as 
a spring. rr 
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MANUFACTURE OF IRON. 


Reginald James Blewitt, of Llantarnam Abbey, Newport, 
~9*, M * p *> for “ Improvements in the manufacture of malleable iron* 
— Granted May 27 ; Enrolled November 27, 1847. 

The usual mode of preparing pig or cast-iron for malleable iron 
is bv melting such iron, or by mixing together and melting different 
qualities of pig or cast-iron with coke, in furnaces called refineries, 
and keening it there in a state of fusion, at a great heat, with a 
strong blast ; and the produce, run into moulds, is called refined 
iron, or metal plate. The patentee uses this, either alone, or 
mixed with different qualities of pig or cast-iron, in the puddling- 
furnace, and subjects it to the after process of puddling, by whicffi 
it is brought into the first state of malleability. He state! he has 
discovered that a better quality of refined iron, or metaL may 
be obtained from an air furnace— such as is commonly used for 
casting, or foundry purposes— than from the refinery, by which 
there is less waste of metal, and less expense of fuel, in the manu- 
facture. lie lights and heats an air-furnace in the usual manner 
* or each charge about four tons of pig or cast-iron is put in of such 
qualities as the manufacturer may think most desirable to produce 
the required quality of malleable iron, as has hitherto been the 
practice in using refinery furnaces ; and the charge, when fully 
melted and mingled together at the bottom of the furnace, is run 
into sand, or iron moulds, of any convenient size, and then sub- 
jected to the after process of puddling, which is conducted as if 
using refined metal produced from ordinary refinery furnaces. 

1 he fuel employed for heating the air-furnace is a white-ash, semi- 
bituminous coal of excellent quality, to which may be added, with 
good effect, 1 or 2 cwt. of charcoal to each charge. 


RAILWAY CARRIAGE AXLES. 

Samuel Benjamin Edward Bergeb, of Abchurch-lane, London, 
merchant, for Improvements in the construction of railway ccr- 
VfW*' r i A communication.^— Granted June 3 ; Enrolled Dec. 3 , 
1847. [Reported in Newtons London Journal.'] 

This invention relates to a mode of connecting the axle-boxes of 
railway axles with the framing of the carriage, whereby the axles 
will have a slight horizontal play, sufficient for them (when tra- 
velling over curves) to take a line parallel to the radius of the 
curve over which they may be passing. This is effected by con- 
necting the axles to the carriages in the manner shown in the an- 
nexed engravings. For four-wheel carriages the apparatus is 


Fig. 8. Fig. 2 . 


Fig. i. 



Fig. 4 


bpnmo ** * 8 one thetwo main side- 

beams of the framing of the carriage ; and as side case of the car- 
riage is similarly furnished for the support of the axles, a descrip- 
tion ol the parts pertaining to one end only of an axle will suffice 
to explain the nature of the invention. 

«, a, are four arms or brackets, bolted, two on each side, to the 
beam a ; and at their lower ends they are coupled together, in 
a . or p * n k These pins each carry two links, c, c : 
and through their ends a coupling-pin is passed, and secured in its 
place by rivet-heads or otherwise, rf, d, are two rods or bars, pro- 
vided at each end with eyes, for the purpose of being connected 
respectively at their outer ends by the coupling-pins of the links 
c, c, and at their inner ends, of being jointed together by the coup- 
ling-pins e, e, and intervening links f f These coupling-pins 
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which are secured in their places by screw-nuts, also pass through 
the eyes of pendant-links A , A, whicn pass through the step or axle- 
box A, and hold it in suspension. / is the bearing-spring, composed 
of layers of steel plates, piled one above the other, and embraced 
by the links A, A, which, when screwed tight to the axle-box by the 
nuts (shown in the drawing), cause the horizontal links f to bind 
tightly upon the middle of tne steel plates, and hold them securely 
together. It will now be understood, that when it is desirable for 
the axle to take a position other than a right angle with the side 
of its carriage, sucn movement will be permitted bv the links c, c, 
being free to oscillate. In order, however, to check an undue 
horizontal movement of the axle, and allow of its adjustment only 
to a line parallel with the radius of the curve over which the car- 
riage is passing, elastic stop or check-pieces m, m, are provided, as 
shown at fig. 1 ; and placed in such a manner, as to allow of a free 
motion of about a \ to £ inch ; so that, whenever the axle may 
have a tendency to sway too much, either forward or backward, 
the links c, <?, will come in contact with the pieces m, and be pre- 
vented from moving further. This horizontal movement of the 
axle will only occur when the railway deviates from a straight line ; 
but when the carriage again pursues a straight course, the axle 
will regain its position at right angles to the length of the car- 

Xnother modification of the invention, applicable to a six-wheel 
carriage, is also described in the specification, fig. 5 being a side 



elevation ; to allow the axles to move laterally, as well as in a for- 
ward and backward direction, in order that, in a carriage having 
three or four pairs of wheels, the hind wheels may follow the front 
pair, not always in a straight line, as they are now obliged to do 
(whereby a continuous abrasion of the flanges against the rails is 
caused when passing curves), but that they may take a position on 
the rail suitable for compensating for the difference in radius of 
the two sides of the curve of a railway, and permit the cone peri- 
pheries to work efficiently for that purpose. In this modification, 
the same or analogous parts are marked with similar letters of re- 
ference. Instead of tne four arms a, fig. 1, forked arms a, are 
made to embrace the beam a ; and at the junction of the prong, 
filling-pieces are provided, and cross-rods are also employed, to 
insure the rigidity required for the arms a. The lower ends of the 
arms a are hook-shaped, and are intended to receive respectively 
the shackles or links c, c, which, together with the coupling-hooks 
c*, pendant from the bars d, perform the same office as thelinks c. 
in fig. 1. From the peculiar construction of this coupling, it will 
be seen that a lateral play or movement is allowed to the axle, 
entirely independent oi the carriage-framing (no fixed point of 
vibration being employed, as at fig. 1) ; and, consequently, the ob- 
ject desired, viz., giving a lateral as well as a backward and for- 
ward motion to the axle, will be obtained. In order to limit the 
horizontal motion of the axle, the space for oscillation is contracted 
at x, x, (fig. 5). To guard against the danger which would result 
from the breakage of either of the shackles c, a block of wood is 
attached beneath the framing, which, in falling, will be caught by 
a block resting on the coupling-links of the bars d. q is a 
shield for preventing the step or axle-box A, from getting displaced, 
in the event of such an accident as above alluded to. 

The patentee claims the modes, herein described, of connecting 
the steps or axle-boxes to the framing of railway carriages, whereby 
the axles of such carriages are enabled to shift their positions, 
with respect to the frames of the carriages, for the purposes above 
set forth. 


MANUFACTURE OF IRON. 

William Vickers, of Sheffield, for, “ Improvements in the manu - 
facture of iron!* — Granted June 19 ; Enrolled December 19, 1847. 

The improvements consist in melting pig-iron with wrought- 
iron, and running the melted mixture (when divided into streams) 
into water ; and then converting the product into malleable, or 
wrought iron, in the following manner : — Pig-iron is to be melted 
with scrap of wrought-iron or turnings, in any suitable furnace, (a 
cupola furnace is recommended) ; and the proportions of wrought- 
iron with pig-iron may vary greatly, but that a very small addition 
of wrought-iron to pig-iron, run into water, will be found to produce 
a great improvement in the quality of iron manufactured there- 
from. Sometimes the following proportions are employed : — To 
30 parts of wrought-iron are added 70 parts of pig-iron, by weight ; 
ana, although this may not be found to answer For some purposes, 
it has been found to answer well. If. however, the iron should be 
intended to be made into steel, it will be necessary to increase the 
proportion of wrought-iron, by mixing with the pig-iron about 40 
per cent, of wrought-iron. In the manufacture oi iron intended 
for general purposes, there may be used, with advantage, a mixture 
of 30 per cent, of scrap of wrought-iron, or turnings, with pig- 
iron; and such mixture, when melted, may be divided into small 
streams, and run into water, in any convenient manner. For this 
purpose, the patentee states he has used the following arrange- 
ment : — He takes a cast-iron tray, perforated with holes of haif- 
an-inch in diameter, and this is lined about half-an-inch thick, 
with sand or composition, such as is used for stopping cupola fur- 
naces with ; which is punctured with holes about a quarter of an inch 
in diameter — such punctures being immediately over the holes in 
the tray, and then the tray is placed about 15 feet above the level 
of the water in the tank (employed for solidifying the iron), which 
is of wood, and about 4 feet deep ; and the melted metal passing 
from the furnace, through the perforated tray, into the water in the 
said tank, will be found therein in a divided state. This product is 
used in the manufacture of wrought-iron, and is treated the same 
as in the manufacture of wrought-iron from pig, or refined iron. 
The patentee adds, that he has used, with advantage, in the melt- 
ing of pig-iron with wrought-iron, from 3 to 5 per cent, of black 
oxide of manganese, which he believes will be found to be advan- 
tageous. This may be added from time to time, by placing small 
pieces in the tuyere holes — the blast dividing it in the furnace as 
the mixture becomes melted. The patentee does not claim the 
melting of wrought-iron with pig, or cast-iron, nor the running of 
melted cast-iron into water, when separately considered ; neither 
does he claim the precise mode set forth, so long as the peculiar 
character of his invention be retained ; but what he claims, is melt- 
ing pig-iron with wrought-iron scrap, or turnings, and then run- 
ning it into water, and using the product in the manufacture of 
wrought, or malleable iron. 


STEERING VESSELS. 

William Henwood, of Portsea, naval architect, for “ Improve- 
ments in propelling vessels , and in steering vessels ” — Granted May 4 ; 
Enrolled November 4, 1847. 

The first improvement in propelling and steering relates to screw- 
propelled ships or vessels, and consists in placing the screw-pro- 
peller at the aft-side of the sternpost, where the rudder is in ves- 
sels generally, and in applying the rudder on the fore-side of the 
screw-propeller, in the lower and aftermost part of the run, and 
below the propeller-shaft, the rudder being substituted for the 
same part of the run of the vessel, as shown in fig 1. The lower 
end of the sternpost meets the keelson, or timber running under 
the shaft, at about the height of the centre of the shaft ; and the 
one may be united very securely to the other, by a flanch or 
flaeches on the shaft cylinder, let into and bolted to the sternpost 
and keelson. This keelson, or timber, should be large in siding, 
because of the hole through it for the rudder-head to passthrough ; 
and it must have a rabbet to receive the bottom plank. 

The propeller is connected with the sternpost and vessel very 
firmly by a metal coupling-box a, which has a metal-frame A, at- 
tached to it for raising and lowering the propeller ; the coupling- 
box and hoisting-frame being formed with tongues, to slide in 
metal-faced grooves in the sides of the sternpost «, and the coup- 
ling-box having an interior collar, of the utmost requisite strengtn, 
fitted against a corresponding exterior collar round the propeller. 
The union of the propeller to the ship is thus made abundantly 
strong for pressing tne shaft into the propeller, and “ backing 
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astern/* An after-bearing for the shaft may he formed by the 
metal-rod e, set up with a screw to the stern ; which rod would 
also form an additional stop for the propeller on the shaft in back- 
ing astern. Or a rod might be attached to the upper and after- 
part of the hoisting-frame, and set up with a screw to the vessels 
stern ; and a small rod may be applied at the aft-side of the hoist- 
ing-frame, for inserting a forelock in the end of the shaft, to secure 
the propeller in backing astern, which forelock would revolve with 
the shaft on the pin at x. The surface of the rudder mav be as 
large as that of the immersed part of the common rudder, although 
as the pressure of the water on such a rudder would be once and a 
half as great as on the common rudder, a much smaller surface 
would be sufficient for steering, and the lower part might be re- 
duced. 



A large and very strongly formed rudder-band is fitted at the 
upper part of the rudder, with a large hole through it, of a square, 
hexagonal, or other form, into which the rudder-headrisfitted 
for turning the rudder ; the lower rudder-bands might »l*o be 
termed similarly, and the braces fitted with an internal ring, that 
the rudder-head being extended downward as a substitute for the 
rudder-pins, may revolve in the braces, whilst it is fixed m the 
rudder-bands for turning the rudder. The rudder-head above the 
upper rudder-band is cylindrical, and passes through a metal cylin- 
der with a stufling-box. It then surrounds the propeller-shaft so 
that the rudder may turn sufficiently in steering ; and ‘t extends 
to any convenient height to receive the tiller, should the rudder 
be carried away a temporary rudder could be applied, by taking up 
the propeller, using sills oily, and having the temporary rudder 
prepared with braces to slide down the sternpost grooves ; by which 
ft would be held securely to the ship, its lower end being secured 

witb guys . 

The advantages to be obtained from this improvement are the 
maximum effect of the screw-propeller in propelling ; the avoidance 
of risk of serious damage from a vessel s grounding, and the pre- 
servation of the strength, and the form, and the displacement of 

the after-part of a vessel. „ , 

The claim is for the right of applying a screw-propeller and a 
rudder conjointly to a ship or vessel in the positions above-men- 
tioned, and as shown in the engraving. The improvement in steer- 
ing vessels consists also in applying a similar rudder to a ship or 
vessel not propelled by a screw. , 

Such a rudder could be either shipped or unshipped afloat, by 
attaching a water-tight hose or cylinder to the rudder-head cylin- 
der, so that the rudder-head r, with the rudder-pin or pins attached 
to it, may be drawn up in unshipping the rudder, or replaced in 
shipping it. The keel may extend under the rudder, as shown in 

the engraving, to protect it in grounding. . , 

The advantages of such a rudder are, much less first cost, inde- 
finite durability, through being always under 
the impulses of waves, so that the steering would be uniformly 
steady, and without hazard to the helmsman, both when a ship is 


laden, and when she is light ; and it is quite below the reach of 

shot* . 

Another improvement in propelling vessels consists in making 
that part of the immersed volume, which is abaft the vertical and 
transverse plane in which the centre of gravity of the vessel is, of 
such a form, that the longitudinal stability of the after-end of the 
vessel may be practically equal to that of the fore-end : — in order 
that the pitching motion, so far as it may be caused by the form of 
the immersed volume, may be prevented ; and that there may be 
the least possible resistance of the water to the propelling power. 
This is of especial importance in screw-propelled vessels, because 
pitching raises the screw above the water s surface. 

The equal stability of the fore and the after-ends of a ship, is 
obtained by making the area of the load-water section abaft the 
above-mentioned vertical and transverse plane, equal to the area 
of the remaining part of the same water section, on the fore-side 
of the same plane ; and the moments of those areas, from the same 
vertical and transverse plane also equal ; and by forming the lower 
horizontal sections or water-lines in a similar manner ; or so that 
the cubic contents of the immersed volumes, on each side of the 
same vertical and transverse plane, and the moments of the same 
immersed volumes from the same plane, shall likewise be equal, 
the one respectively to the other. A vessel of remarkably beauti- 
ful form may thus be produced. As the propelling power of the 
wind on the sails always depresses the fore-end of a ship, when it 
impels her onward, just as it depresses the lee-side, when the wind 
acts obliquely, it appears contrary to the dictates of reason and of 
science, that ships should have, as they commonly have, less sta- 
bility at the fore-end than at the after-end. By making the stability 
equal at both ends of a ship the Ditching would be reduced to the 
least possible degree, the propelling power would produce greater 
speed, the decks or gun-platforms would be kept more nearly in 
their horizontal positions, and the dangers and discomfort and ex- 
pense of “ wear and tear,” in rough weather, would be materially 
diminished. 

The claim is for making ships or vessels of the form above de- 
scribed, so that the longitudinal stability of the fore-end may be 
practically equal to that of the after-end. 


LOCOMOTIVE ENGINES. 

Thomas Russell Cbampton, of Adam-street, Adelphi, engi- 
neer, for w Improvements in locomotive engines /* — Granted June 19 ; 
Enrolled Dec. 19, 1847. 

The improvements relate to the construction of the locomotive 

?he first improvement consists in introducing two pairs of 
driving-wheels, one pair to be placed behind the fire-box, and the 
other pair forward, in such manner that the weight of the boiler 
and machinery may be borne equally by each pair of driving- 
wheels. By this arrangement, the adhesion of the wheels upon 
the rails will be more uniform. The two pairs of driving-wheels 
are to be connected on the side by rods in the usual manner, or 
connected separately to the driving cylinders, or in any other con- 
venient manner. The mode preferred by the patentee is shown in 
the seventh improvement. If it be desirable to construct the 
engine with six or more wheels, the patentee proposes to place 
them between the two pairs of driving-wheels, but recommends 
that they should bear but little of the weight, by the employment 
of light elastic springs. 

The second improvement is in the construction of the fire- 
boxes, for the reception of the axles of the driving-wheels, the 
driving-wheels of the locomotive engine being placed more forward 
than the back of the fire-box. If large wheels are to be used, a 
recess is to be formed transversely in the upper part of the fire- 
box for the axle ; and for smaller wheels, a recess is to be formed 
in the lower part of the fire-box : this latter arrangement divides 
the fire-bars into two parts. By either arrangement, the heating 
surface of the interior fire-box is increased, and the evaporative 
power of the boiler augmented. 

The third and fourth improvements consist in such arrangement 
of the various parts of the locomotive, that the axle of the fore or 
leading wheels may have outside bearings, and the axle of the 
drawing or after-wheels behind the fire-box, inside bearings. 

The fifth improvement consists in placing the eccentrics for 
working the valves on the outside of the driving-wheels, by elon- 
gating the axle some distance through the boss of the driving- 
wheels ; the crank-pin, instead of being fixed to the boss of the 
driving-wheel, is fixed to a separate crank fastened to the end of 
the elongated part of the axle, leaving sufficient space between 
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the crank and the boss of the wheel for the reception of the ec- 
centrics upon the axle. 

The sixth improvement is for transmitting the power from 
the steam cylinders to the driving-wheels, by introducing a vibra- 
tory shaft in the centre between the driving-wheels, as shown in 
the annexed figure. The steam cylinders a are fixed to the under- 



side of the boiler, with short connecting-rods b, which act on 
cranks or levers keyed on to the central shaft c ; and on the ends 
of the latter are two arms or levers d d, which, through the two 
connecting-rods ee, cause the two driving-wheels //to revolve. 


the apparatus ; fig. 2, a sectional elevation on the line Wx (fig. 3) ; 
and fig. 3, a horizontal plan on the line y z (fig. 1). The patentee 
describes his apparatus as follows : — 

M, and N, are two cylinders of carbon, prepared as is afterwards 
described, which are used as the electrodes, that is to say, the cur- 
rent of electricity is passed from one to the other as they stand 
end to end, their ends being separated by an interval of from less 
than one-twentieth to about half an inch, according to the power 
of the electric current used. The upper electrode, N, is passed 
vertically through a hole in the summit of the metallic support, or 
tripod, K, and fixed by binding screws. The lower ends of the 
legs of the tripod are passed through holes in the circular main- 
plate, A, of the apparatus, and secured in their positions by collars 
and nuts, but are carefully prevented from coming into metallic 
contact with the plate A, by means of washers a a, of some dry, 
hard, non-conducting wood. The legs terminate at bottom in set 
screws L L, which connect them with a conducting wire, which 
passes round through the extremities of all the legs, and is con- 
nected with one end of the coil of the regulator R. The other end 
of this coil is led to a clamp B% with a set screw fixed at one side 
of the square wooden basement B, on which the whole of the appa- 
ratus is built, and which is mounted on four short supports, bbbb , 
at its corners, to allow room for some parts of the appaiatus which 
project below the basement. The main-plate A is firmly attached 
to the basement B, by four pillars, cccc , C, and D, are cones 
which spring from opposite sides of the apparatus, their common 
axis passing at right angles through the centre of the main-plate, 
A, which is bored out for the purpose. The apices of these cones 
are perforated, to admit the perpendicular central shaft, O, which 


LIGHTING BY ELECTRICITY. 

William Edwards Staite, of Lombard-street, gentleman, for 
“ certain Improvements in lighting, and in the apparatus or appara- 
tuses connected therewith ” — Granted July 3, 1847 ; Enrolled Janu- 
ary 3, 1848. LReported in the Mechanics’ Magazine .] 

This invention relates to a method of lighting by electricity, as 
shown in the annexed engravings. Fig. 1, an external elevation of 



Fig. l. 


8 



Digitized by t^ooQle 





THE CIVIL ENGINEER ANI> ARCHITECT’S JOURNAL. 


[February, 


SO 


2 and 3). A little cross 
the bottom of the shaft 
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has a socket for receiving and holding the lower electrode 
M, at its upper end ; and this socket is furnished with set 
screws for securing the electrode in an upright position in 
its centre, even though that electrode should happen to be 
of smaller size than the socket. At the bottom the socket 
is made of a conical form, in order to keep the lower end 
of the electrode steady and concentric, so that it may be 
properly adjusted by the set screws, d d. This shaft O has 
a smooth straight part, below its socket, for a length equal 
to the distance between the apices of the fixed cones, C 
and D, which is equal to the amount of rise which the 
shaft admits of, to compensate for the wear or shortening 
of one of the electrodes, while the light is in action ; this 
smooth part of the shaft moving freely through the hole 
in the apex of the upper cone. Below this smooth part 
the shaft is continued for an equal length, screwed ; the 
threads of the screw giving about one-twelfth of an inch 
of rise for every turn. This screwed part works through 
a nut e, which is set tight in the apex of the under cone 
D, and passes down the centre of a hollow cylinder or 
tube P, which is slotted internally (as shown at ff in figs. 

iece of metal, Q, is set tight on 
by being screwed fast into its 
end, and this cross-piece Q (which is afterwards more par- 
ticularly described) fits across the tube P, taking into the 
slots or grooves on each side, so that it can slide up or 
down in them. When, therefore, the tube P is made to 
revolve, it carries the shaft O round with it, by means of 
the sliding cross-piece Q, and makes it to rise or sink by 
its screw working in the fixed nut e, so that the shaft O, 
carrying the electrode M in its socket, has a rotary motion 
combined with its vertical motion, for the purpose of 
equalizing the wear of the electrodes on all sides. The 
tube P turns on a pivot p, which works in the bottom of a 
circular box of metal H, which is screwed into a hole of 
sufficient size in the bottom of the brass-plate G, which is 
fixed to the upper surface of the wooden basement B. 

The touching surfaces at the pivot g are coated with sil- 
ver, as that metal presents a surface peculiarly fitted for 
receiving the current of electricity. The upper end of 
the tube P receives the outer part of the fixed nut e, on 
which the tube turns, and is steadied as on an axis. On 
the upper part of the tube P. a worm-wheel S, carrying 
forty teeth, is attached, whicn is made to revolve by a 
horizontal double-thread tangent-screw T, the pitch radius 
of which is one-tenth of an inch. To one end of the 
screw is attached a crown-wheel U, carrying forty teeth, 
which is actuated by pinions V and W, on an upright spin- 
dle X. The pinions are at a somewhat greater distance 
apart than the diameter of the crown-wheel U, and gear 
into it from opposite sides, so that when the spindle A is 
raised a little, the lower pinion V (having eight teeth), is geared 
into the lower side of the crown-wheel ; but when tne spindle is 
sunk, the lower pinion is thrown out of gear, and the upper pinion 
W gears into the upper side of the crown-wheel ; and tne spindle 
continuing to revolve in the same direction as before, imparts a 
reversed rotation to the crown-wheeL When the spindle is kept 
at a medium degree of elevation, neither of the pinions is in gear 
with the crown-wheel, so that it remains quiescent. This spindle 
X is kept in its position by working through a hole in the middle 
plate, F, of the apparatus, which plate is attached firmly to three 
of the pillars c. The upper end of the spindle works through a 
hole in the centre of the Bottom of a circular brass box I, which is 
fixed to the side of the under cone D, or to the under side of the 
main-plate A. The box I contains a centrifugal regulator Y, which 
consists of a bit of watch-spring bent into the form of the letter S, 
carrying two little weights h k at its ends, and fixed horizontally 
across the top of the spindle by the middle part of the spring, 
which fits into a cleft in the top of the spindle, and is secured by a 
small nut. When the spindle is made to revolve too fast, the 
weights at the end of the spring fiy outwards by their centrifugal 
forces and begin to touch and rub against the sides of the circular 
box I, which friction checks the motion. This description of go- 
vernor preserves the motion more uniformly than the ordinary sort 
of fly, which acts by the resistance of the air. Just below this 
centrifugal governor there is a cross-piece i, inserted through a 
transverse hole in the spindle X, so that when the spindle is at its 
medium degree of elevation, that is to say, when its two pinions V 
and W are neither of them in gear with the crown-wheel, the ends 
of the cross-piece t meet a stop ft, which may project from any fixed 
part of the apparatus such as the cone D, and so stop the revolti- 
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Fig. 4. 


tions of the spindle ; while, as soon as the spindle is raised or low- 
ered, the cross-piece t no longer meets the stop ft, but passes over 
or under it, ama allows the spindle to commence its revolutions 
just before one of the pinions gears into the crown-wheel. The 
spindle X is actuated and kept with a constant tendency to revolve 
in one direction by a toothed wheel Z, keyed on to it just below the 
middle plate F, and this wheel is driven by a train of wheelwork 
W', supported between the middle and bottom plates F and G, 
similar to ordinary clockwork, and which is driven by a spring in a 
barrel /, acting on a fusee m, driven by a cord or chain ; or the 
wheelwork may have any other contrivance as its prime mover, as. 
for instance, a common barrel with a cord and weight. The wheel 
Z is of such thickness that the motion up and down, which the 
spindle X admits of, will not ungear it from the next wheel in the 
driving train. 

The mode in which the spindle X and its pinions are raised or 
lowered, so as to vary the motion of the crown-wheel U, and thereby 
of the electrode M, according to the exigencies ot the light, is as 
follows : — The bottom of the spindle X terminates lust below the 
driving-wheel Z, and rests on a plate of ivory n, which is supported 
on a short upright stem of brass o, which has its lower end screwed 
into a hole in the top of a solid cylinder of soft iron, p. This iron 
can move freely up and down in the central hole of a reel q, round 
which a quantity of insulated copper wire is wound : one end of 
this wire is led to the binding screw B, as before mentioned, which 
connects it with the positive wire of the galvanic regenerators, 
and the other end to the wire which passes through the binding 
screws L. The reel q of the regulator is fixed firmly to the wooden 
basement B, and a cap r of soft iron fits over it ; but the iron of 
the cap does not extend quite to the centre of the hole in it 
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(through which the brass stem o passes), the central part of the 
top of the cap being of brass soldered to the kom of one-half of 
the diameter of the iron cap itself. The action of the electricity 
in the coil of the regulator R causes the iron centre p to rise or 
fall, according to the quantity of electricity passing, and in so 
doing, the spindle X, which rests on it, to rise or fall with it. 
There is a little eye attached to the bottom of the iron centre, to 
which is suspended a counterpoise F' (an assortment of such coun- 
terpoises being kept for use), of such weight as to allow the iron 
centre to be just in equilibrium^ or just ready to rise, when the 
distance between the electrodes is such as to allow the electric cur- 
rent to flow freely enough to produce a steady and certain li^ht. 
There is also a little ledge *, around the lower end of the iron 
centre, on which rests a disc £, of brass, of about the size indicated 
in the drawing, fig. 2 ; which (when the iron centre falls below the 
neutral point) becomes supported around its outer edge by a circle 
of brass ti, and is left behind on it, when the iron centre continues 
to descend, thus relieving it of its weight ; while on the other 
hand, if the iron centre is disposed to rise above the neutial point, 
it has to lift the whole weight of the brass disc t . This arrange- 
ment gives the iron centre a tendency to remain stationary at the 
neutnu point, which is that point at which the elevation of the 
spindle A enables the cross-arm t to come into contact with the 
stop k, and arrest the rotation, and so prevent unnecessary work- 
ing of the machinery, until the electric current has varied so much 
as to render desirable an adjustment of the distance between the 
electrodes ; which the iron centre effects, as before described, by 
rising or falling. 

The neutral position at which the iron centre p should rest, is 
when the top of the iron centre is as far below the top of the regu- 
lator reel as is represented in fig. 2. 

The brass ring n, which supports the equilibrium weight, that is 
the brass disc t , is secured at the proper height by being attached 
to a sufficiently stiff strip of brass tc, of a certain length, and which 
is fixed by its other end to the other side of the wooden basement 
B. The brass ring u can be adjusted to the requisite height ex- 
actly, after the apparatus is made, by a milled -headed screw pass- 
ing through the wooden basement, and screwing down on the sup- 
porting brass strip (not far from w), so as to depress it to the right 
position. 

The sliding cross-piece Q, before adverted to, is constructed in 
the manner separately represented in fig. 4. A spring Q (of thin 
hard brass, for instance,) is attached to one side of the cross part 
by a small screw, so that when the cross-piece is placed in the slots 
of the tube P, the spring always remains in close though not forci- 
ble contact against the sides of the slots, so as to insure a good 
conduction to the electric current which has to traverse the shaft, 
and enter from the cross-piece into the slotted tube. 

The tangent-screw T is made not quite horizontal, but inclined 
at an angle of one in twenty, because the lower pinion V is smaller 
than the upper one ; and therefore it is necessary that the lower 
edge of the crown-wheel U should be tilted nearer to the axis of 
the spindle X. The lower pinion is made smaller, in order that it 
may the better wind down the main shaft O, after it has screwed 
itself up, until the ends of the electrodes come into firm contact, 
lest it snould stick in that position. 

The screw No. 1, which fastens the stand 3 of the tangent- 
screw to the middle plate F, passes through a hole 4, enlarged side- 
ways in the stand ; so that by only loosening the screw 1, the stand 
may turn on the other screw 2, as a centre, so as to allow of the 
tangent-screw T being adjusted to the right distance from the 
centre of the wheel S, in order that it may work properly into its 
teeth, or, when required, to throw the tangent-screw out of gear 
with it altogether. 

The thread of the screw of the main shaft O, should be of a 
square form, so that it shall work with as little friction as may be, 
when supporting the weight of the shaft and electrode. 

A cone of white glass or porcelain, E 1 , is made to slip over the 
upper cone C of the main plate, and is turned up at the edges (as 
shown in figs. 1 and 2), to reflect the light better, and to catch any 
dust and ash which may be thrown off from the electrodes. 

A glass shade, which may be ground partially or not, as desired, 
fits over the electrodes, M and N, and the stand K, and is screwed 
down to the main-plate A, by the brass circle E, into which its 
lower edge is cemented, whereby the electrodes are enclosed en- 
tirely from the outer air. As soon as they have exhausted the 
oxygen which is within the glass shade, they are no longer so rapidly 
consumed. When the electrodes, however, are composed of some 
inferior sorts of carbonaceous preparations they give light more 
steadily if a very small quantity of atmospheric air is continually 
allowed to enter ; that is to say, just sufficient to burn away the 


button of carbon which sometimes forms on the end of that elec- 
trode which is not undergoing decomposition by the electric cur- 
rent. When there are no holes in the glass shade to admit of a 
small quantity of atmospheric air, two light valves may be inserted 
in the main plate A^ one opening inwards and the other outwards, 
which would provide for the varying pressure of the air when the 
temperature is altered by the presence or absence of the light 
within. 

The coil of insulated wire of the regulator R, should be composed 
of wire of such thickness as to conduct the electric current quite 
freely. For an apparatus of the size represented in the engravings ' 
it may be about three-sixteenths of an inch in diameter ; but if 
electrodes of a larger size are employed, the wire should be pro- 
portionally increased in thickness, and the regulator R, made as' 
large as the dimensions of the apparatus will admit of, in order 
that the reel should take a sufficient number of turns of the thick 
wire ; for with wires too thin, considerable heat is evolved from 
them when transmitting the current. Two circular brass weights, 
a«r, fitone over the other around the ivory top wn, which carries the 
pivot of the spindle X ; their use is to enable an easier and more 
precise adjustment of the weight on the iron centre than can be 
effected by altering the large weight F', which is hung at the bot- 
tom of the iron centre. 

When it is intended to use small currents of electricity, the 
spindle X, and all its appurtenances, should be made very light, 
and the iron centre may tor the same object be made hollow with 
advantage ; its sides, however, should not be less than one-twelfth 
of an inch in thickness. 

The electric current may be obtained from a galvanic apparatus 
of any of the known sorts, or from any other convenient source ; 
and it may be used of various intensities and quantities. A good 
degree of intensity to use, is such as would be afforded by one 
hundred cells in a series of the usual sort employed in galvanic 
apparatuses ; and the quantity of the current may vary from that 
evolved by the consumption of less than one-and-a-half grains of 
zinc per minute in each cell, to that evolved by the consumption of 
more than fifteen grains of zinc per minute. 

The wire from the positive, that is, the zinc pole of the galvanic 
apparatus, is clamped with the binding screw at B* which serves 
as the conductor through the regulator coil, and then up to the 
upper electrode N. The wire from the other, or negative pole of 
tne galvanic apparatus, is to be clamped with the other binding 
screw at B 5 , which is connected by a slip of metal (copper) to the 
bottom plate G of the apparatus, so that the current passing from 
the lower end of the upper electrode N to the top of the lower 
electrode M, then traverses the central shaft O, passes through the 
cross piece Q, at its lower end, into the slotted tube P, and thence 
through its pivot at bottom into the metallic box or cavity H, 
which being in metallic connection with the bottom plate G, leads 
the current to that plate and thence by the slip of copper to the 
other clamp, from which it passes in return circuit through the 
negative wire of the galvanic apparatus. The current, when first 
applied with the electrodes in contact, flows freely, and that causes 
the regulator (being properly weighted) to raise the spindle X, and 
thus put the apparatus into gear for screwing the centre shaft O 
downwards, and gradually separating the electrodes, whereupon 
the light begins to appear between them. 

The patentee then describes the method of preparing the carbon 
for his electrodes : — About equal quantities are taken of coal of a 
medium quality, and of the prepared coke, known as “ Church's 
Patent Coke," and both reduced to a state of fine powder and inti- 
mately mixed together. The mixture is then placed in close 
wrought-iron moulds, which may be made either to give the mix- 
ture the form of a block, to be afterwards cut into pieces of the re- 
quired shape, or to ffive at once to the mixture the form of the in- 
tended electrode. In all cases it preferred to make the moulded 
mass of not more than 3 or 4 inches in its least diameter, for when 
larger it is liable to have fissures, and not to be of such uniform 
density. The mixture being placed in these moulds, is subjected 
to heat and heavy pressure until it becomes consolidated into a 
very dense and firm mass. And when the mass is in a heated state 
it is plunged into sugar, melted by heat (without the aid of any 
liquid,) and kept therein for a short period. It is then taken out 
and allowed to become cold, when it is placed amongst pieces of 
charcoal in a close vessel, which is gradually heated until it attains 
a full red heat, after which the temperature is increased to an in- 
tense white heat ; at which it should be kept for many hours, or 
even two or three days, according to the hardness and compactness 
desired. Or the mass may be a second time immersed in the melted 
sugar while hot, and the remainder of the process be again repeated 
as before. 
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By coating the mass in this way with melted sugar, any pores 
that may be in it (on its external surface at least), are filled up 
with carbonaceous matter, and any subsequent drying rendered un- 
necessary. 

The following the patentee states to be the best dimensions for 
the electrodes : — The lower electrode should be as long as can be 
conveniently manufactured (8 inches for instance,) when used for 
ordinary purposes, and it should be of a cylindrical form. The 
smaller the diameter is, the better the light ; but the larger the 
electrode is (in ctoss section), the longer it will last with a given 
current of electricity. The upper electrode need not be of any 
great length ; it is well, however, to have it about one-third as long 
as the lower one* and of half the diameter, 

The patentee concludes his specification with the following ac- 
count of a method of employing currents of electricity to actuate 
apparatus for effecting the speedy lighting up and extinction or 
obscuration of signal lamps in which oil, camphine, or other like 
inflammable fluid is the illuminating substance employed : — Sup- 
pose, for example, there are three such lamps with different coloured 
glasses, say white, green, and red, which are required to be some- 
times lighted, and at other times extinguished or obscured, as is 
usual on railways, and not all at once, but in a particular order of 
sequence, or each under particular circumstances only, I effect this 
in the following manner. The three coloured signal lamps are 
placed side by side, or they may be placed one above the other. A 
sectional elevation of one of these is given in fig. 5 . A 7 is a bar of 



metal, having a drop barB', attached to it. These bars are for the 
purpose of working three extinguishers, one to each lamp. The 
figure shows one of these extinguishers as applied to a lamp ; the 
dotted lines in the figure indicate the position which it assumes 
when raised up. The drop bar B' is attached to a clockwork 
escapement, the detent of which is alternately retained and liberated 
by the passage of electric current, and by its mechanical force 
raises up the bar B', and causes the light, in whichever lamp it nifty 
be, to be put out. The three extinguishers are made to move to- 
gether, to save the necessity of each being provided with a separate 
extinguishing mechanism. In the centre of the burner of each 
lamp is a ringo, of fine platinum wire, which is so contrived as to 
touch the wick of the lamp, and the current of electricity being 
made to pass through this platinum ring, it becomes intensely 
heated, and thereby ignites the wick of thelamp. i do not restrict 
myself, however, to the employment of platinum wire, as carbon 
for this purpose may be used, or any other difficultly-fusible mate- 
rial ; neither do I limit myself to the employment of a ring of any 
particular form. The wick may, for instance, be a flat wick, and 
in that case a straight piece of wire would be suitable for the ar- 
rangement. 


ARTIFICIAL FUEL. 

Bondy Azulay, of Rotherhithe, Surrey, printer, and Abraham 
Solomons, of London, merchant, for “Improvements in the manu- 
facture of charcoal and other fuel — Granted June 10 ; Enrolled 
Dec. 10, 1847. 

This invention relates, first, to the manufacture of charcoal, 
to avoid waste caused by breaking it. This is effected by reducing 
the waste to powder, and then compressing it, by an hydraulic 
press or other apparatus, in moulds, until the mass is reduced to 
from one-fifth to one-eighth of its original bulk. 

The second invention relates to making fuel of small coal, 
breeze, coke, and cinders, with or without charcoal, by pulverizing 
the whole, and then compressing the powder into blocks. 

The third invention relates to making a fuel for lighting fires, 
by mixing charcoal powder, small coal, breeze, coke, and cinders 
Tall or any of them), with tar, pitch, resin, or other suitable in- 
flammable substance, and compressing the mixture in moulds; and 
when taken from the mould, the block is dipped in the tar, &c., 
and covered with saw-dust and wrapped in waste paper : a block 
so prepared w'ill readily ignite on the application of a lighted 
match. 


WATER GAUGE. 

Alfred Vincent Newton, of 66, Chancery-lane, Middlesex, 
mechanical draughtsman, for u Improved apparatus to be applied to 
steam-boilers!* — Granted April 15; Enrolled Oct. 15, 1847. (A 
communication.) 

The principle upon which the apparatus is constructed is that 
of a percussive horizontal action ot a flat surface upon a portion 
of the w ater to be gauged. One form of apparatus on this prin- 
ciple is shown in the annexed engravings, figs. 1 and 2, being an 
external view and section, a, the steam-boiler; 6, a small cylinder 



communicating therewith by two tubes c d, the npper one with the 
steam, and the lower with the water ; e, a piston, moving freely in 
the cylinder 6, and connected by a rod f to a vibrating lever g , 
enclosed in a quadrant-shaped chamber. The pivot of the lever g 
passes through a stuffing-box j 9 made at the small end ef the quad- 
rant, and carries externally another lever A, furnished with an 
index for indicating, on a graduated scale, the height of water in 
the boiler. A rod i is suspended from the lever A, for enabling the 
attendant to raise the piston in the cylinder, and bring it down 
with percussive force on to the surface of the water, in order to 
ascertain its exact height. It will be at once understood that the 
same pressure of steam and water must exist in the cylinder and 
its quadrant case as in the boiler, and that the w'erking of the 
apparatus cannot be affected thereby. 
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ON THE IMPROVEMENT OF INLAND NAVIGATION. 

By Hon. & Rev. A. P. Perceval, B.C.L., 

Chaplain to the Queen. 

Chapter I. — On the Comparative Prospective Value of Railways 
and Canals . 

In the month of December, 1844, while a party of travellers and 
traders were waiting at the Crewe Station the arrival of the up- 
train, and eagerly discussing railway matters, that mania being 
then at its height, they were startled from their propriety, by 
hearing an individual in the room address them thus: “Well, 
gentlemen, I will back the canals against the railways now ; 1 
intend to invest wholly in them, and I advise you all to do the 
same/' IF a pistol had been discharged in the midst of the com- 
pany, it could hardly have produced a more striking effect. All 
stared ; and most, by movement or ejaculation, gave token of 
extreme surprise. Some looked with pity upon the speaker, a 
clergyman, as though the saying, “ Ne sutor ultra crepidam ,” was 
passing in their minds, and they contemplated one about to ruin 
himself and his family by meddling in matters out of his sphere. 
But when he proceeded to propound, for the consideration of the 
company, his grounds for the opinion which he had expressed, none 
were found ready to gainsay the reasonableness of them. They 
were these : 

I. That the wear and tear on canals is so inconsiderably less than 
on railways, that the former, if properly conducted, must be able 
to undersell the latter. 

II. That while lines of railway may be multiplied ad libitum , 
occasioning unlimited competition, and consequently unlimited 
reduction of profits, such multiplication of lines of water con- 
veyance is almost physically imposssible : consequently, that canals 
must always retain a comparative monopoly. 

III. “ Remember, gentlemen," he said, “ that human talent and 
ingenuity have been taxed to the utmost to bring all the appliances 
that science can afford, to promote locomotion on railways ; while, 
as yet, nothing, or next to nothing, of the sort has been attempted 
on canals.” 

Three years have elapsed since these opinions were expressed at 
Crewe : let us see what light can be thrown upon the soundness of 
them, by comparing, 1st, The present state of railways with its 
•condition at that time ; 2ndly, The respective condition and pro- 
spects of railways and canals, then and at the present time. 

I. To take three old and well-established lines for illustration : 


) value of the under-mentioned 

w’as, 

in Dec. *44 ; 

is, 

in Dec. *47 

London and Birmingham ... 

yy 

228 

>5 

150 

Great Western 


157 


90 

London and South-Western 


77 

•w 

50 


II. Let us take for illustration the Birmingham Railway and the 
Birmingham Canal : 

In December 1844, the Birmingham Railway furnished to the 
proprietors, not merely in actual dividends, the 10 per cent, (to 
which it had been sought by Act of Parliament to restrict the 
profits on railway enterprise}, but advantages in new shares, &c. — 
in general estimation certainly not less than another 10 per cent. 

We have now before us the Report of this company for the half- 
year ending Midsummer 1847 ; announcing in the plainest terms, 
that the seoond of the causes alleged at Crewe as a reason for 
regarding railways as offering doubtful security for investment, 
namely, the liability to unlimited competition, lias begun to tell 
with fearful effect against the prosperity of this most prosperous 
of railway undertakings, which is no longer able to pay even the 
legal 10 per cent. The Chairman is stated to have said: “He 
hoped that before Parliament sanctioned any further extension of 
the principle of competition, or of reduced fares, they would hear 
in mind the inevitable results which must follow from pursuing 

•such a course. They saw its effect upon their receipts now' 

Competition might go on in consequence of rivalry and contention 
"between different companies ; but what would be the effect ? The 
proprietors would interfere and force the directors to reduce the 
establishments of the two companies to the lowest possible point ; 
trains would he taken off, servants would be discharged, the whole 
machinery of the companies would be deteriorated, and w hat would 
become of the public safety ? This would be the result of those 
doctrines of oompetition which had been taken up by the legisla- 
ture." — Here, then, we have the confession of the most intelligent 
of railway chairmen, at the head of the most influential of railw ay 
companies, avowing in the face of Europe that railways afford so 
insecure an investment for capital, that they cannot possibly be 


relied upon, unless in their behalf the doctrine of Free Trade, to 
which all mankind, to speak generally, have given in their adhe- 
sion, be repudiated ; and an artificial protection be afforded to 
them, whicn has been denied, not only to the inland navigation, 
but even to the agriculture of the country i 

Meanwhile, how has the Birmingham Canal been faring? In 
December 1844, in consequence of the railway mania, it had so 
fallen in public estimation, and apprehensive value, that projects 
for draining off the water, and converting the channels into rail- 
way beds, were seriously discussed. 

We have also before us the Report of this Company for the half- 
year ending Midsummer 1847 : from which it appears, that not- 
withstanding its operations have been impeded by a very question- 
able (in point of prudence) alliance which it has contracted with 
the Birmingham Railway, whereby it has placed itself, to a certain 
extent, under the control of the latter, on condition of receiving 
from it a guarantee, in perpetuity, of the customary dividend of 
£4 per share (a guarantee which it is doubtful whether the railway 
company would be able to make good, should the canal company 
ever be so reduced as to demand the fulfilment of it), and notwith- 
standing a “ considerable pressure on the mercantile world,” to 
which in common with the railw ay, it has been subjected, its affairs 
are in a state of unexampled prosperity. “ The account for the 
last half-year,” the Report says, u exhibits a considerable increase 
of revenue, the amount for the six months ending 30th of June 
last, including rents, being £86,425 Is. 3 [being an increase of 
£21,192 above the corresponding half-year in 1846J. The balance 
of the accounts, after’providing for the payment of the half-year's 
interest, and the usual dividend of £2 per share (which the com- 
mittee now recommend to be paid free from the income-tax), shows 
a surplus of upwards of £9,000.” 

In other cases, w here the canal companies have not tied their 
hands from competing with rival railways, as the Birmingham 
Canal Company nave done by their compact with the Birmingham 
Railway, the truth of the first of the reasons alleged at Crewe has 
had opportunity of being tested : and the result ha9 been, to speak 
generally, to confirm ana establish its truth ; and Lord Ellesmere 
on his w aters, and the Birmingham and Worcester Company on 
theirs, to name no others, can tell the world that they have ceased 
to dread any evil effects from railw ay competition, through fear of 
which the former received (according to report) from £80,000 to 
£100,000, by way of compensation ; and the latter unprofitably 
expended several thousands in an abortive railway speculation. 

It remains to be seen whether the third of the reasons alleged at 
Crewe in 1844, for preferring canals to railways for investment — 
namely, u that while human ingenuity has been taxed to the utmost 
to facilitate locomotion on railways, little or no attention has been 
bestowed upon the improvement of inland navigation,” — is as sound 
as the others (apparently) have proved to be: in other words, 
u whether inland navigation is not capable of very great improvement .” 
This shall be the subject of the next chapter: before entering upon 
which, let it be well-considered, by way of encouragement to turn 
attention to the subject, that a very little improvement will suffice to 
bring upon the canals the w’hole or almost the whole of what forms 
the chief source of revenue on many railways — namely, the con- 
veyance of live stock. No grazier, or Imtcher, it is believed, 
will be found to affirm otherwise than that, if the choice were 
offered to him, he would choose rather to convey the stock that he 
has to sell, or kill, by water than by rail. 

Chapter II. — On the Improvement of Inland Navigation . 

When the mind has once been directed to devise means of ren- 
dering our lines of inland navigation more available than at 
present they are found to be for the commerce of the country, the 
small degree of attention which lias as yet been bestowed upon 
them is apparent at every turn. Of the matters calling for amend- 
ment, some are obvious to every passer-by; otheis require con- 
sideration to be noted ; others again require argument and proof. 
Again, some are in the power of the parties trading upon the 
waters ; others in that of the proprietors or trustees of the waters; 
others again require either extension, combination, or the inter- 
ference of the legislature. 

I. Let those matters in which the want of amendment is mani- 
fest to all be first considered. Of such let these he named : — 1st. 
The style and condition of the animals usually employed in the traf- 
fic. Generally speaking, these are the worst of their kind, dis- 
abled, low in condition, ill-groomed, ill-fed, — a striking contrast to 
those employed in land carriage. — 2nd ly. The state of the trackways. 
Natural earth, mud, water, deep sand, slippery chalk. Contrast 
these with the roads and way9 employed in land traffic. By the 
sides of other roads care is taken to keep the cattle from trespass- 
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ing ; here nothing of the sort is attempted. On other roads, all 
gates, except in cases of extreme necessity, and then with some 
person to watch them, are carefully excluded. On these, there is 
usually a gate at the end of every field, the hedges running down 
to the water : as if. a premium had been offered for the multiplica- 
tion of causes of obstruction. — 3rdly. The attendance at the locks , 
which correspond to the turnpikes on land roads. On land- 
travelling a turnpike-house is a necessary adjunct to a turnpike- 
gate, as close as possible. But where in water-travelling do we 
find lock-houses— or, if found, at what distance are they situated 
from the locks intrusted to the care of the occupiers ?— 4thly. The 
construction of the bridges so low down to the water, as to leave no 
room between them and it for an ordinary load to pass. 

II. Among the matters in which the necessity of alteration will, 
probably, be admitted as soon as pointed out, are these : — 1st. The 
application of artificial locomotive power . In this respect, it must be 
acknowledged that England is somewhat in advance of her neigh- 
bours, for she has attained to horse-power on trackways ; whereas, 
in the inland navigation of the continent, when the wind fails, the 
means of locomotion usually had recourse to are either shoving 
with long poles; or ropes made fast to posts and drawn in by direct 
hand draught ; or men and women yoked like brute beasts, with 
broad belts over their breasts, upon which (even women’s breasts) 
the weight of the draught appears to be borne, — a sight sickening 
and revolting. England is in advance of these, and fur such brute 
labour has applied brutes instead of human beings ; but still only 
for direct draught : the living horse has as yet not been applied to 
leverage in this service [as is used in Canada] ; nor have those 
cheapest and most obvious of all artificial powers, the water- 
wheel and the wind-wheel, been as yet applied for a purpose for 
which in so many cases they are so admirably adapted ; nor sta- 
tionary steam-engines, except in one or two instances. In a few 
cases, paddle-wheels have been called in, which, on many accounts, 
are the most undesirable of all for this particular service. — 2ndly. 
The construction of the barges : first, as to their material , which, in 
almost all cases, now is of wood, more expensive, less durable, 
heavier, and more bulky than iron, to a very considerable propor- 
tion ; secondly, so that the barge may float on the water, and not 
below its level, necessitating the drawing through it. What the 
specific gravity of atmospheric air is, seems a point not easy of 
solution, seeing that the barometer exhibits a perpetual fluctuation; 
but the specific gravity of water is stated on good authority to be 
62A lb. to the cubic foot. When it is considered that for every 
cubic foot of barge below the water-level, 62^ lb. weight of water 
has to be moved at every inch, one would have thought the atten- 
tion of all concerned would have been directed to carry as much 
of the cargo above and as little below as possible. But, somehow 
or another, a diametrically opposite course is almost universally 
adopted : about three inches of the barge appears above the water- 
line, and all the rest is sunk below — so that the greatest resistance 
which the case will permit is carefully secured. — 3rdly. The means 
of ascending or descending from one water-level to another . As yet, in 
England, we have attained only to the old lock, and that so con- 
structed as to afford the chief cause of detention in water convey- 
ance. The consumption of time, the strain upon the cattle, the 
wear and tear of tackle, now required in drawing a deep-laden 
barge into a lock, are well known to all who have to do with inland 
navigation. Yet, apparently, it requires little contemplation of a 
lock, to see how (even without altering the construction of the 
barges, and still dragging the goods through the water) an immense 
saving of time and labour may be effected, by a slight alteration : 
while the field for invention and experiment in perpendicular lifts 
and inclined planes is as yet almost unoccupied ; only our neigh- 
bours in the United States of America have lately adopted one 
species of the former, while those in China have of long time very 
extensively employed the latter — of which some account and draw- 
ings are to be found in Lord Macartney’s Embassy. — tthly. The 
supply of water : both in the saving it at the change of levels, and 
in securing supplies in dry weather, all must see how much remains 
to be done ; while, few, probably, who apply their minds to it, will 
consider any great difficulty to lie in the way of improvement. 

III. Of matters calling for improvement, which it requires ar- 
gument or experiment to establish, it will suffice to suggest one, of 
a mechanical nature — which is, the point of draught ; to which, at 
present, as far as appears, no attention has been paid ; but which, 
it is hard to conceive to be a thing indifferent. But of this class, 
the most important is the jointed system of our lines of inland 
navigation — broken into short pieces, under distinct governments, 
like the turnpike trusts ; but attempting against one another a 
system of injury, which the trustees of turnpike roads have, appa- 


rently, never contemplated. Between London and Birmingham, 
for instance, there are as many as four such, at least. It is in vain 
that one, two, or three of these concur in meeting the public 
convenience and their own general interests, by reduction or tolls 
or any other combined improvement, as long as it is in the power 
of the remaining portion or portions to profit by the reductions of 
the others, by either maintaining their own tolls at the unreduced 
rate, or even raising them in the face of the reduction of others ; 
both of which cases are found not unfrequently to occur. 

Chapter III. — On the Formation of Inland Navigation Conveyance 
Companies . 

The only apparent method of overcoming the last-named diffi- 
culty in the way of the improvement of inland navigation — namely, 
that arising from the division of interests at work upon all our 
chief lines (apart from direct legislative interference, which is the 
last and least-desirable remedy,) — is the formation of conveyance 
companies throughout a whole line ; offering to all the different 
navigation companies along the line, shares according to their mile- 
age ; and to all the parties already trading on those navigations, 
shares according to the amount of capital already embarked in 
this employment. By this means it should seem not merely prac- 
ticable but easy to unite, for the common benefit of all, those interests, 
the confliction of which at present is found to be injurious to all. 

The writer, who is a clergyman, and who has turned his atten- 
tion to the improvement of this department of human industry, 
chiefly, or rather solely, with the view of making it subservient to 
the best interests, present and future, of mankind, has already in 
several quarters privately put forward suggestions for the forma- 
tion of such companies, which have hitherto been generally favour- 
ably received ; — he now desires to submit them more extensively to 
the consideration of his fellow-men, based upon this condition, 
which he has invariably exhibited — namely, That provision for the 
spiritual and educational wants of all the employees of such a company , 
and of all who are called into being (by the encouragement given to 
marriage ) by its prosperity — and also for their bodily wants , in sick- 
ness , accidents , and superannuation — shall form a first and necessary 
item of such company s expenditure to an extent not exceeding one- 
tenth of the whole . 

How extensively such a principle, if generally adopted by our 
great companies, would tend to the amelioration of society, and the 
comfort and well-being of all classes, drawing them together by 
the surest bonds of Christian faith and love, there can be no need 
of words to demonstrate. The more each man contemplates it in 
his own breast, the more (the writer believes) it will be found to 
commend itself, alike acceptable to God and approved of men. 

Taking Birmingham as the centre of British industry, such com- 
panies may obviously with advantage be formed, respectively, on 
the following main lines, omitting for the present the considera- 
tion of the less important : — 1. Birmingham, Worcester, Gloucester, 
and Bristol ; 2. Birmingham, Chester, and Liverpool ; 3. Birming- 
ham, Manchester, Leeds, Halifax, and Hull ; 4. Birmingham and 
London ; 5. Birmingham and Chichester. Again, 6. Hull and 
Liverpool; 7. Hull and London ; 8. London and Bristol; 9. Lon- 
don and Chichester. 

To complete the line of inland navigation from Birmingham and 
the manufacturing districts to the British Channel, there needs but 
to connect the Grand J unction with the Colne, a cut of one or two 
miles, which falls into the Thames at Egham, from which the out- 
let is at Weybridge ; and so by Guildford and Arundel. This at 
present neglected, but surely most important, line from London to 
the British Channel, either into Arundel or Chichester — that is to 
say, Langston harbour — is quite complete. By it, if a proper com- 
pany were formed, and the commonest appliances brought to bear, 

f oods discharged in either of those harbours could be landed at 
london-bridge easily within twenty-four hours, at a highly re- 
munerative charge of ten shillings per ton, covering alL Thus, in 
time of war, all the hazard to our merchandise which the Duke of 
Wellington has prognosticated from French steamers in the little 
French ports, with the sun always on their backs, would be obviated, 
and the incalculable expenditure contemplated in the acknow- 
ledgedly-hopeless undertaking of making a Harbour of Refuge at 
Dover would be superseded. And at all times the risk of insurance 
from weather, the chief part of which from China to London is cal- 
culated on the passage through the Straits of Dover and round the 
coast of Kent, to say nothing of delays incalculable, would be re- 
moved, The present unoccupied harbour of Langston is of size to 
receive in safety the whole merchant fleet of the country. Again, 
by continuing the navigation of the Wey beyond Godaiming in the 
direction of Alresford, and extending the navigation of the Itchin, 
with a cut of five or six miles to unite them, another line of inland 
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navigation from London to the Channel would be completed ; and 
by continuing the navigation of the Test or Auton to Whitchurch 
or Ash, with a cut of five miles to the Basingstoke canal, a third 
line would be completed : and Langston, Arundel or Littlehamp- 
ton, and Southampton become the ports of London. 

On the other side of the Irish Channel, conveyance companies 
between Dublin and Waterford (by the Barrow navigation, as 
thriving a water concern as any in the kingdom, and the receipts 
on which last year were greater than ever) ; and between Dublin 
and Limerick (by the Grand Canal, one of the finest in the king- 
dom, and the Shannon), obviously present themselves. A cut of 
three miles, or thereabouts, connecting the Slaney with the Barrow, 
would bring Wexford within inland navigation of Dublin. A cut 
of about the same length from the Grand Canal at Ballinasloe, into 
one of the small rivers that run into Galway Bay, would connect, 
in the shortest line, the Atlantic with the Irish Sea. 

It is believed by the writer that every one of the twelve or fifteen 
lines here enumerated will be admitted by all practical men to pre- 
sent, if properly conducted, as safe openings for capital and indus- 
try as any in the kingdom. 


REVIEWS. 


A Guide to the Proper Regulation of Building 9 in Towns , as a 
means of Promoting and Securing the Health, Comfort , and Safety 
of the Inhabitants. By Wm. Hosking, Architect & C.E. Lon- 
don : Murray, 1848. 

Mr. Hosking's book may be taken as one of the signs of the 
times, and therefore we give our attention to it, and recommend it 
to our readers. The outcry for sanitary reform can no longer be 
unheeded ; it has led to a practical movement, which must go on. 
The architects, engineers, and medical men, who created this 
movement, and have fostered it — and we rejoice that our publica- 
tion has been found among the earliest advocates — may feel justly 
gratified that their proceedings have at length received the coun- 
tenance and co-operation of the legislature. Those, however, who 
have held back, or thought that the agitation had no practical 
authority, and was merely a noise about trifles, must now bestir 
themselves, or they will be left behind by their more enlightened 
compeers. Obstinate adherence to old prejudices has already 
brought public ridicule on several men of standing ; and reputa- 
tions which have cost scores of years to build up are at once knocked 
down, when it is found that the parties have for scores of years 
been wasting the public money, in the despite of every warning. 
The public are now awakened, and they require at the hands of 
architects and builders a degree of knowledge as to structural 
arrangements, which formerly was never thought of. For all the 
better class of buildings it is no longer enough to run up a set of 
walls and to line them, but the buildings must be madenabitable 
otherwise than by being mere shelters against rain. They must 
have proper provision for lighting, warming, ventilation, and sewage; 
matters about which employers and builders thought very little 
some years ago. The reports of the Sanitary Commissioners, the 
labours of Messrs. Roe and Phillips, the work of Mr. Hosking, are 
landmarks, whereby professional men may note the set of the cur- 
rent, and observe the disposition of the authorities to carry out to 
the full what used to be laughed at as the theories of sanitary 
reform. Mr. Hosking, of course, disclaims any official character 
for his book ; but his station as one of the Official Referees for Me- 
tropolitan Buildings, will, in the eyes of the public, give an official 
character to his book in despite of himself ; and most of what he 
says is so reasonable, that it will work its way with the legislature, 
the public, and the profession, all of whom his book interests. 

Although it is perfectly true that the improved system of struc- 
tural arrangements has arisen mostly from the labours of architects 
and engineers, yet it has not been fostered so generally among the 
profession as is desirable. Indeed, the public at this moment are 
ahead of architects and builders — a state of affairs which cannot 
long continue with comfort to the latter. This arises, we fear, 
from a want of appreciation of the value of professional literature, 
and therefore the want of a laudable spirit of investigation and 
information. If it be remembered that until our Journal was esta- 
blished, no architectural periodical had been able to maintain 
itself, this will show what tlje state of affairs formerly was ; but 
though the number of years which this Journal has existed is a 
proof that we have effected a change for the better, we cannot but 


be sensible that architects are not so much alive as they ought to 
be to the cultivation of professional learning. To advert, as an 
instance, to our own publication, we feel well assured that by a 
great number of our readers our earlier remarks on sanitary and 
structural arrangements were passed over as being of no interest, 
or as not being immediately practical, because the reader did not 
take the trouble to investigate and search out for himself the truth 
or justice of our arguments. The consequence has been that many, 
instead of being gradually led and prepared to a practical appre- 
ciation of the subject, wake up as it were suddenly to a conscious- 
ness that they have got to learn a great deal immediately and with 
some trouble, which they might have learned slowly and easily. 
We have sometimes met with remonstrances because we have given 
attention to questions which were thought the whims of the day, 
but the importance of which is now recognised by all, though it 
should be remembered, that a periodical like our's is a link be- 
tween the public and professional men, for those of the public who 
feel an interest in professional pursuits, or seek for information, 
naturally apply themselves to such a recognised source. Hence 
we have been enabled on many occasions to forward professional 
interests, and to awaken attention among the public, so as to in- 
sure co-operation in carrying out measures which were desirable. 
In reference to the present question of sanitary reform, however, 
it is particularly incumbent on professional men to apply them- 
selves to it, or otherwise medical men and others will put them- 
selves forward to secure, if they can, some greater share than 
fairly belongs to them in the new arrangements. 

Mr. Hosking's book must be read by the architect and builder, 
because it is just the kind of book which will be read by the em- 
ployer. The committee of a club who desire a superior house, the 
gentleman who wants a comfortable mansion, the merchant who' 
requires a safe warehouse, the board of guardians who advertise 
for a healthy workhouse, are likely to look into the work before 
us, as a guide to the best modes of securing the health, comfort, 
and safety of a building. Perhaps Mr. Hosking has a leaning in 
favour or timber and against iron, and in favour of brick and 
against stone ; but we hardly like to say this, for there is so much 
candour in stating the case, and so much practical knowledge dis- 
played throughout, that we believe Mr. Hosking is about as fair a 
guide as we nave yet had upon structural arrangements. There 
is very little of his book which is new, and it is hardly likely that 
there should be ; but what there is new, is the careful and close 
consideration of what is the best and most practical mode of reach- 
ing any given end : and this may be called new, for we fear it is 
too general to run up buildings without the least consideration of 
their fitness for the purposes to which they are applied. It may 
be said shortly that tne houses of the metropolis are made dan- 
gerous to life from their combustibility, and to health from their 
want of ventilation ; while the sewers are so made as to form an 
elaborate machinery for poisoning the population, for cutting off 
the infant in its cradle, and taking years away from the life of 
every inhabitant of this immense and thickly-peopled city. 

We have said that Mr. Hosking is unfavourable to the use of 
iron under some circumstances, ana it will be useful to lay before 
our readers his remarks upon the subject. He says — 

“ There is no kind of economical structure that resists the action of fire so 
perfectly as brickwork does, and any structure wholly of bricks, set in and 
combined with proper mortar, may be deemed for all economical porposes a 
fire-proof structure. But floors and roofs, or roof coverings, cannot be 
formed in brickwork alone, without the sacrifice of .space and materials, to 
so large an extent as to render suoh a mode of structure inconsistent with a 
due regard to economy in those important particulars. Means are to be 
sought, therefore, by whioh brickwork may be rendered available, 4o the 
greatest extent possible, cooeiatently with economy of space, and, 41 it may 
be, of materials also. for this purpose iron presents itself -as a substance 
wholly incombustible, and capable, in the form of beams and girders, of 
bearing over space horizontally, and so as to leave, for economical porposes, 
a large proportion of extent in height, which brick vaulting would absorb ; 
and, requiring no such absorption of space as briok vaults require for their 
lateral abutments, iron, employed as a means of vertical support, in columns 
or story-posts, will give the requisite strength to that effect in far less space 
within an enclosure than brickwork requires in piers or pillars to give the 
requisite bed to the springings of vaults, and to carry the weight of brick 
vaulting. But iron, although incombustible, is fusible under the action of 
intense beat, and is, io its more economical condition, frangible if suddenly 
cooled when hot ; without reference to its generally brittle character, or to 
the uncertainty which attends its manufacture, when applied in that condi- 
tion. Beams, girders, and columns or story-posts, of wrought-iron, if such 
things could be produced in wrought-iron economically, would bend 
exposed to a high degree of beat, and let down any structure that had been 
made dependent upon them ; whilst beams or girders of cast-iron brewk 
when dashed with water; and columns of the same substance ore Haolc as 
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soften and yield, as well as to snap ; in either and in any case, invoking the 
min of the buildings, the destruction of the property confided to them, and 
danger to the lives of firemen or others within reach of the ruin. 

So great is the danger apprehended from the treachery of cast-iron in 
buildings on fire, that the men of the London fire-engine establishment, who 
go unhesitatingly, in the execution of their duty, into burning buildings, are 
prohibited from going into parts or places which depend upon supports of 
cast-iron, whilst they are allowed to trust themselves to burning timber 
almost at their own discretion — a quality for which they are not, indeed, so 
remarkable as they are for headlong and gallant daring. 

Cast-iron is constantly recurred to, nevertheless, as a means of economis- 
ing space in the formation, and largely also in the support of the floors of 
buildings which it is desired to render proof against fire ; and it is certain 
that the use of beams, girders, and story-posts of cast-iron tends to that 
effect : that is to say, the liability of the building to take fire is lessened by 
the use of iron in place of wood, but for the purpose under consideration — 
power of resisting the action of fire when it occurs to matters stored in a 
building, and is fed by such matters independently of the substances em- 
ployed in the structure of the building — iron requires to be itself protected 
from the action of the fire.” 

Mr. Hosking goes on to suggest the mode in which iron can be 
safely used for floors and ceilings ; but he adheres to the opinion 
that if pillars must be used, they should be of brickwork. 

We ourselves have witnessed the danger of using cast-iron in 
exposed situations in buildings. We recollect, within the last four 
or five years, the fire at Fenton s wharf, London Bridge, where the 
warehouses were supported upon cast-iron bressummers, and which, 
through being heated by the fire, and the cold water of the engines 
falling upon them, were cracked, and in consequence the super- 
structure was obliged to be taken down. In other situations, we 
have seen the fronts of houses erected on timber bressummers which 
have withstood the ravages of the fire, an external coating of about 
an inch in depth of the timber being only injured by the flames. 

The preservation of life from fire is an object in which Mr. 
Hosking deservedly takes great interest, and he has brought to 
bear the results of nis remarks on buildings at Paris, which we wish 
we could transfer at some length to our own pages. After recom- 
mending that party-walls shall be reduced to one-brick thick, on 
condition of cross-walls or partitions being built throughout the 
house of one-brick thick, and after stating the danger of the hollow 
quartering partition generally used, he describes the system he 
observed m Paris. 

“ The plan referred to is, to frame and brace with timber quartering* much 
in the manner practised in England, except that the timber used in Paris is 
commonly oak, and is very generally seasoned before it is applied in building 
in the manner referred to ; and that, as before remarked, the carpenter’s 
work, or carpentering, of the French is not so good as that of the English. 
The framed structure being complete, strong oak batten-laths, from two to 
three inches wide, are nailed up to the quartering* horizontally, at four, six, 
or even eight inches apart, according to the character of the work, through- 
out the whole height of the enclosure or partition ; and the spaces between 
the quarterings. and behind the laths, are loosely built op with rough stone 
rubble, which the laths, recurring often enough for that purpose, hold up, or 
prevent from falling out until the next process has been effected. This is, 
to apply a strong mortar, which in Paris is mainly composed of what we 
know under the name of plaster of paris, but of excellent quality, laid on 
from or upon both sides at the same time, and pressed through from the 
opposite sides so that the mortar meets and incorporates, imbedding the 
stone rubble by filfing up every interstice, and with so much b >dy on the 
surfaces as to cover up and imbed also the timber and the laths ; — in such 
manner, indeed, as to render the concretion of stone and plaster, when 
thoroughly set, an independent body, and giving strength to, rather than re- 
ceiving support from, the timber.” 

The same plan is applied in Paris to the stairs, and Mr. Hosking 
recommends it for adoption here. He likewise gives a detailed 
account of the French mode of making ceilings and floors. 

“ But the French render their floors also so nearly fire-proof as to leave but 
little to desire in that respect, and in a manner attainable with single joists, 
as well, at the least, as with joists framed into girders. According to their 
practice, the ceiling must be formed before the upper surface or floor is laid, 
inasmuch as the ceiling is formed from above, instead of from below. — The 
carpenters’ work being complete, strong batten-laths are nailed up to the 
under sides of the joists, as laths are with us; but they are much thicker 
and wider than our laths, and are placed so far apart, that not more, per- 
haps, than one-half of the space is occupied by the laths. The laths being 
affixed — and they must be soundly nailed, as they have a heavy weight to 
carry — a platform, made of rough board*, is strutted up from below parallel 
to the plane formed by the laths, and at about an inch below them. Mortar 
is then laid in from above over the platform, and between and over the laths, 
to a thickness of from two inches and a half to three inches, and is forced in 
under the laths, and under the joists and girders. The mortar being gauged, 
as our plasterers term it, or rather, in great part composed of plaster of paris, 
it soon sets sufficiently to allow the platform— which, it will be readily un- 


derstood, has performed the same office to the mortar which centering per- 
forms to the parts of an arch or vault — to be removed onwards to another 
compartment, until the whole ceiling of any room or story of a building is 
formed. The plaster ceiling thus formed, is, in fact, a strong slab or table, 
in the body of which the batten-laths which hold it up safely in the air are 
incorporated, and in the back of which the joists, from which the mast is 
suspended, are imbedded. By the process, the under surface of the plaster 
table has taken from the rough boards of the platform the roughness re- 
quisite to facilitate the adhesion of the finishing coat of plastering, which is 
of course, laid on from below. 

Whether the eventual surface is to be a boarded floor or not, however, 
the flooring joists are covered by a table of plaster above, as completely as 
they are covered by a plaster ceiling below.— Rough battens, generally split 
and in short lengths, looking like ends of oak pales, stout enough to bear, 
when laid from joist to joist, the weight of a man without bending, are laid 
with ends abutting upon every joist, and as close together as they will lie 
without having been shot or planed on their edges, so as to joint them. 
Upon a rough loose floor thus formed, mortar of nearly similar consistence 
to that used for ceilings, but not necessarily of the same good quality, is 
spread to a thickness of about three inches ; and as it is made to fill in the 
voids at the ends and sides of the floor-laths upon the joists the laths be- 
come bedded upon the joists, whilst they are to some extent also incorpo- 
rated with the plaster, and the result is a firm floor, upon which, in ordinary 
buildings, and in the public and commoner apartments of almost all build- 
ings, paving- tiles are laid, bedded and jointed in a tenacious cement to form 
the working floor. 

It may be added in explanation of the statement, that in Paris the practice 
of forming a table of plaster over the joists when tiles are to be used as the 
flooring surface, is employed also when a hoarded floor is to supervene, — 
that as the surfaces of the true joists lie under the mortar or plaster table, 
a base is formed for the boards of what English carpenters would call stout 
fillets of wood about 2} inches square, ranged as joists, and strutted apart to 
keep them in their places, over the mortar table, to which they are some- 
times scribed down, and that to these fillets, or false joists, the flooring 
boards are secured by nails ; so that in truth the boarded floor is not at all 
connected with the structure of the floor, but is formed upon its upper coat 
of plaster. The wooden floor thus becomes a mere fitting in an apartment, 
and not extending beyond the room nor over the passages and landings to 
the stairs, the floor in any room might burn without communicating fire to 
the stair*, which, in their turn, if they could burn, could hardly endanger 
the immediate safety of any inmate of the building, because of the complete 
separation which the tiled and plastered floor of the landings effects between 
the wooden stairs and the several apartments.” 

The author remarks that a similar floor is used at Nottingham, 
where the houses are said never to be burnt, and are free from 
damp and vermin. 

Mr. Hosking objects to timber being laid bed wise in walls, or 
joists being let into them, but recommends that the rafters be let 
in and properly secured against fire. 

We may observe, upon a note of Mr. Hosking's as to Flemish 
bond, that he says he never saw Flemish bond in Flanders, at 
Rotterdam and the Hague, Antwerp, Brussels, Liege, Cologne, 
Mentz, and Frankfort. Now there is only one of these towns in 
Flanders, and this is no proof that Flemish bond is not to be found 
at Ghent, Bruges, Courtrai, Ostend, Ypres, Dunkirk, Lille, or 
other towns in Flanders. 

Of French carpentry, Mr. Hosking says that it is much behind 
ours, so that in framing the floors no important bearing is, or in- 
deed may be, trusted to the framed joint, dognailed stirrup-straps 
of iron being always brought in aid. He says, however, that their 
boarded floors are always ton^ued in the joints, and almost always 
parquetted, and so resolved into compartments of various figures, 
and being tongued and edge-nailed, no nail or bradheads appear 
upon the surface to dot over and disfigure the floors, which being 
for the most part of wainscot, are far more sightly than the best 
executed deal battened floor with us. 

With regard to Parisian masonry our author states, 

“ It is by means of the girder bearing upon the solids of the walls, though 
with bad carpenters’ work, or carpentering rather, that the French are able 
to carry up their soft stone rabble walls to heights that would frighten even 
a London builder, and that would certainly be unsafe if the walls were 
seamed with wooden plates, and shaken by floors of single joists. The 
author, being at Paris in 1846, measured the thickness in the ground-flour 
story of a newly-built coursed -rubble party. wall, in the Rue de la Banque 
(the Gresham Street of Paris), and found it to be exactly 18 English inches 
in that part, whilst the total height of the wall was not less than 85 feet. 
The wall ran up of that same thickness through six stories, a height of not 
less than 65 feet, and was terminated by a gable of from 12 to 15 fee t high, 
of the same kind of structure ; and there was besides a vaulted basement 
story, throughout which the wall might have been 20 inches thick, as other 
similar walls then in progress to neighbouring buildings proved to be. And 
it is by means of the solidity given to the floors by the girders, and the solid 
bearings which the girders obtain, that the floors are able to carry the dead 
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weight of matter which renders them practically fireproof, in addition to t^e 
moving weights to which the floors of buildings are necessarily exposed to 
use.” 

Among Mr. Hosking* s objections is that to the use of concrete 
as a mere footing for walls, from the notion that a foundation is 
thus rendered strong by depth ; whereas he advocates the use of a 
thinner layer of concrete over the whole foundation, so as to gain 
strength by an increase of base. 

Another objection he entertains is to the wooden skirting-board, 
which causes filth, discomfort, and danger, as it is often too close 
to the chimney flue. He also considers that the deep boxings for 
window shutters gratuitously make a house more inflammable, and 
he recommends metal roller-blinds instead. 

We do not think Mr. Hosking dwells too much upon the pre- 
cautions to be taken against fire ; and if any of our readers do, we 
recommend to them the following justification : — 

“ It appears from an estimate appended to a Report by Mr.Fairbairn on tbe 
Construction of Fireproof Buildings, with Introductory Remarks by Mr. 
Samuel Holmes, published at Liverpool in 1844, that the insurance- offices 
paid for losses by fire in Liverpool alone, in tbe ten years ending December, 
1842, the sum of 1,121,427/. This sum does not, of course, include the 
losses of, and other injuries to, the poor who do not insure, but who are 
always great sufferers in cases of fire; and some of the fires which occasioned 
the losses were extensive conflagrations, in which lives were lost in the 
attempts made to subdue the fire; nor does it include a probably large 
amount of property not sufficiently insured to cover the losses. 

Urged by successive calamities by fire, and by the high rates of premium 
which the insurance offices were compelled to exact to enable them to meet 
the losses, the people of Liverpool applied to Parliament at length, and oh- 
tained, in 1843, an Act to compel themselves to abide by certain wholesome 
regulations, as it regarded the security of buildings from fire. The effect of 
this Act, 6 & 7 Viet. c. 109, and the provision of a supply of water available 
in case of fire, has been to reduce the rales of insurance considerably; but 
the protective measures are estimated to have cost from 200,000/. to 300 000/., 
which being added to the losses above stated, with a trifling addition for the 
looses not included in the estimate, will show an annihilation of property in 
one town alone, and within ten short years, to tbe enormous amount of a 
million and a half of money/' 

The author is not quite clear upon the subject of ventilation — 
but then it is in its infancy : still his remarks are well worthy of 
perusal. 

In conclusion, we may observe that Mr. Hosking has rendered a 
great service to the profession by the publication of this book, as 
a useful work of reference, and as a vindication of the practical 
claims of the architectural profession to their proper share in 
structural arrangements. 


Railway Practice . By S. C. Bbees, C.E. London: Williams 
and Co., 1847. Third and Fourth Series. 

These are two large volumes with a profusion of plates, forming 
the third and fourth of the series of railway practice. They are 
translations from the Portefeuille dee Chemins de Fer , by Messrs. 
Perdonnet and Polonceau, but derived from English materials. It 
is a curious thing that we should be indebted to the French for the 
description of our own railway works, and that there should be a 
want either of enterprise or zeal to publish an original account. 
So it is however that we are particularly deficient in accounts of 
our great engineering works, and this from three causes : that our 
p*eat engineers have no time to write, that our young engineers 
nave no ability to write, and that engineers generally do not buy 
nor read works when published. Thus we are often served at 
second-hand with accounts of our own works by Frenchmen, Ameri- 
cans, Germans, or Russians, and after the experiment has been 
made abroad, we get confidence enough to make a trial here. We 
are, perhaps^ the more indebted under such circumstances to those 
who, like Mr. Brees, take the trouble and the risk of making us 
acquainted with our own works. In the present instance, we nave 
from Mr. Brees two volumes, which will be found invaluable as re- 
cords of the best practical examples of railway engineering. If 
we have any fault to find it is that he has not sufficiently reduced 
# the French measurements, a labour which if performed by him or 
his assistants would have saved that of his readers. 

The third volume is devoted to earthworks, permanent way, 
blocks and sleepers, rails and chairs, with turn-tables, sidings, and 
switches. The fourth volume describes stations, carriages, trucks, 
water cranes, and station plant. 

When we say that there are more plates than text, we think we 
offer a very strong recommendation of the work to the practical 
man. These plates too are filled with details, so that nothing is 
wanted to give a correct idea of everything described. 


Among the plates are : — The forms of every kind of rail in use 
in England and elsewhere ; machinery used for making rails ; na- 
vigators and platelayers* tools ; switches on various plans by 
Robert Stephenson and others; turntables of the London and 
North Western, Midland and Great Western railways ; locomotive 
turntable; weigh-bridge ; level crossings and gates; double and 
single hoist bridges ; crossings for temporary works ; earthwagons 
of the London and North Western ana Great Western; Mr. Jee*s 
Garton station on the Manchester and Sheffield; bridges over the 
Wear, Clyde, and Meuse; viaducts on the Manchester and Sheffield, 
and Manchester and Leeds ; culverts on the London and North 
Western. Among the carriages are those of the London and North 
Western, Birmingham and Gloster, Great Western, of French, 
German, and Belgian railways, with details of the wheels, axles, 
frames, buffer-springs, and breaks. These plates of carriages in- 
clude passenger and mail carriages, horse-boxes, trucks and goods 
wagons. This part is of particular value at a time when the in- 
fluence of the carrying stock on the structure and working of a 
line is the point which most affects the engineer. As the plant in- 
creases, and the necessity for economy m the working becomes 
greater, the attention of the engineer is well bestowed on a know- 
ledge of the best construction of carriages, and the most efficient 
means of improving them. Hitherto very much attention has 
been given to the locomotive, and to systems of atmospheric trac- 
tion, but a more immediate reference to the load to be carried is 
the point to which the engineer will for some time have most to 
direct himself. The establishment of lighter engines and smaller 
trains will call for a great deal of ingenuity to provide plant suit- 
able for such a different system of traction. 

Mr. Brees gives many examples of large stations and their de- 
tails. Among them are the South Western at Nine Elms, the 
Euston-square terminus, the Birmingham terminus, the Nordbahn 
station at Vienna, the Brunn station on the latter line, stations at 
Versailles and Peeq, the terminus of the Versailles line at Paris, 
the Dublin and Kingstown terminus, and the Leeds station. Be- 
sides these leading termini and stations, plans are given of inter- 
mediate stations, as Tring, Watford, Wolverhampton, Newton, and 
Coventry, on the London and North Western; Thames Ditton, on 
the South Western ; Reading and Slough, on the Great Western, 
and numerous places on foreign lines. Many of these stations, 
as those on the Paris and Rouen, are the work of English engineers, 
and it is gratifying to perceive that many details introduced by 
them have served as an example to their foreign brethren. The 
study of the foreign plans by English engineers will enable them 
to return the compliment, because the experience and ingenuity of 
the many men of ability employed abroad cannot fail to be pro- 
ductive of many valuable improvements. 

In conclusion, we can only repeat what we have said in the be- 
ginning, that Mr. Brees's work will be found most useful to the 
engineer. It is a repertory of every practical detail connected 
with railway works, and it has the advantage of presenting copious 
examples under every head of reference. With these woras we 
commit the work to the hands of our readers, being fully satisfied 
that it is well worthy of their support. 


Designs for Schools and School-Houses , Parochial and National. 
By H. E. Kendall, jun., Architect. London: Williams and Co., 
1847. Folio. 

Next to churches, schools are perhaps the class of buildings 
most in request, owing to the necessity that is felt for providing 
education for the poorer and humbler ranks of society. Numer- 
ous buildings of the kind have accordingly been founded and 
erected of late years, yet very few are so satisfactory in point of 
design as they might have teen rendered, at the same, or very 
nearly the same cost, merely by the application of a little study 
and judicious taste. Or if it be deemed of no moment of what 
kind the taste shown in such structures be, it is safer as well as 
more economic to attempt nothing more than what utility abso- 
lutely demands. We agree with Mr. Kendall when he says, 
“although some of the national schools lately erected are very 
creditable to their respective architects, the general result of the 
great movement apparent in the building of churches, schools, &c., 
redounds rather to the honour of resuscitated zeal than to that of 
architectural talent. So great is the tameness, and so apparent 
the mediocrity of conception, both in arrangement and style, in 
many of them, that w ere it not for the good they effect, we should 
regret their very existence.** As regards the utter tastelessness 
frequently shown in things of the kind, blame rests as much with 
the employers as with the employed, since ;t is the ignorance of 
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the former — their incompetency to judge of designs submitted to 
them, together with their childish determination to exercise the 
privilege of pleasing themselves without being accountable to any 
one for what they do— that encourages so much paltry design. 
The tel eet notre plaisir will not excuse deformity in the eyes of 
others, who will in turn exercise their own privilege of expressing 
censure and ridicule where they are deserved — a consideration that 
ought to be seriously taken to mind by those who have the direct- 
ing of far more important edifices than school-houses. 

“ Something of external comeliness” — we again quote from the 
preface — “ should be assigned, as matter of course, to the humblest 
of such erections ; and, under the direction of good taste, useful- 
ness of purpose and beauty of design may be made mutually to 
subserve to each other, even when the latter is but a secondary 
consideration.” It may be further observed, that it is not so much 
positive beauty as well-marked character and effectiveness of 
eneemble , that ought to be studied for buildings in which a certain 
degree of homeliness is no more than becoming. And this has 
upon the whole been well accomplished by Mr. Kendall — though, 
as was to be expected, more happily in some instances than in 
others. The collection consists of both executed and unexecuted 
designs, each of which is shown in a perspective or pictorial view 
of it, as well as by a plan and elevation ; and there is also letter- 
press to each subject, containing remark as well as mere explana- 
tion. The unexecuted designs are five in number ; the others are 
those of the following buildings which have been erected by the 
author : Childerditch School, Essex ; the Poor Boys* School, the 
Poor Girls’ School, and the Commercial School, all at Bury St. 
Edmund’s; the building for the Battle and Langton National 
Schools, at Battle ; Willesden School ; and the Infant School at 
Stanmore, which last is said in the account given of it to have 
been erected in 1845, “at the sole expense of Miss Martin, a lady 
distinguished during her residence in that beautiful village for her 
benevolence and extended charities.” 

All the designs maybe designated Old English in style, although 
it is not that of one and the same period ; nor do they all show tne 
same mode of construction, some of them being in imitation of 
the “ half-timbered” houses, others of red brick with stone dress- 
ings and quoins. The Elizabethan style has been applied very 
happily in what strikes us as being the best design of ail — namely, 
the school buildings at Battle, in which, while the character of the 
style itself is not only well kept up but expressed with gusto, the 
character of the particular kind of building is most unmistakenably 
pronounced. Although perfectly regular, both in the arrangement 
pf its masses and the features of its elevation, the whole composi- 
tion, as shown in the perspective view, is pleasingly varied and 
highly picturesque, yet sufficiently sober withal. The last subject, 
design No. 5, shows a rather extensive and complex group of 
buildings in the Tudor style, and in perspective makes a very pic- 
turesque composition. Independently of the interest and merit of 
the designs themselves, the artistic skill displayed in the pictorial 
representations of them cannot fail to excite admiration. They 
are very superior productions of their kind, — studies of trees and 
figures as well as of buildings. Owing to which, to the subject 
itself, and to the tasteful manner in which the work is got up in 
every respect, we may anticipate for it a highly-favourable reception 
even among those who hardly make any pretensions to amateurship 
in architecture. 


HISTORY OF ARCHITECTURE. 

We have received the following communications in reference to 
Mr. Elmes’s papers, and which we lay before our readers : — 

Sib — In your Journal for November last, page 338 , there is a 
statement which, I fear, may lead some of your readers into error. 
In the life of Stuart it is said, “ Preparations for his works were 


commonplace and sweeping attacks so constantly directed against 
the late Building Act, and in which I never did, and do not now, 
join. That it had some defects, as well as 9ome omissions, I am 
free to own, as well as that in these respects it required alteration 
— perhaps in no respect more than in its provision for the payment 
of expenses of party-walls by the owner of the improved rent, a 
term which the result proved to be alike uncertain and unjust. 
But that it was infinitely better as a whole than its successor, is, I 
believe, now almost universally admitted, and I could wish those 
who so lavisly condemn the late Act in the bulk, would condescend 
to explain more fully those particular parts of it against which 
their attacks are directed, or to which they object. 

A Constant Readeb. 

Sir — The series of articles entitled a “ History of Architecture 
in Great Britain,” contains some opinions and remarks that appe ir 
to have been uttered rather hastily. I hope, therefore, you will 
allow me to animadvert on what ought not, for the interest of art, 
to be suffered to pass un contradicted. 

To begin by correcting some of the mistakes: — The design of 
the India-House is attributed to Jupp, the Company’s surveyor, 
who was only employed to execute tne works, the design itself 
being by Holland, as is explicitly stated in the biographical article 
on the latter in the Supplement to the “ Penny Cyclopaedia.” 
Jupp certainly does not appear to have been of any note at all in 
his profession, therefore it is not very likely that he was the real 
author of the edifice ; or at any rate, if such claim was to be sub- 


author ot the edifice ; or at any rate, if such claim was to be sub- 
stantiated for him, that of Holland ought to have been not over- 
looked but formally set aside. — In speaking of the College of Sur- 
geons, Mr. Elmes describes in the present tense the original front, 
or rather the portico as it originally existed previously to the front 
being extended and re-modelled by Mr. Barry, who, he says, added 
two columns to the portico ; were which the case, it either must 
have been at first only a tetrastyle, or would now be an octastyle 
one. The fact is, that instead of adding, Barry merely transposed 
two of the columns, taking them from tne west end of the portico, 
and putting them at the other, thereby making what had been the 
first intercolumn from the east, the centre one, and so bringing it 
into the axis of the lengthened facade. He also fluted the shafts of 
the columns, and carved the bed-mouldings of the cornice. The 
writer’s opinion of the College of Surgeons in its original state, 
appears to be infinitely more favourable than discriminating, he 
being pleased to refer to it as an “ example of the genius of this 
tasteful architect,” viz. Dance, — whereas, as designed by him, the 
whole front was a most barbarous and vulgar parody of the style 
affected for it. So far from the columns being “ tastefully adapted” 
to the building behind them, there was no sort of adaptation at 
all, nor the slightest coherence in regard to character between the 
main building and the portico. Many may be unable to recollect 
what sort of figure the original front cut, but views of it are in 
existence, which assuredly strongly contradict the praise which 
Mr. Elmes has implicitly bestowed upon it. 

With regard to the front of Guildhall, by the same “ tasteful 
architect,” we are told apologetically that it “ is amenable to no 
laws.” That, notwithstanding its aiming at Gothic or something 
of Gothic character, it is so far from conforming with as to violate 
its leading principles. Yet that might have been excused, had but 
consistent and artistic expression of its own been imparted to the 
facade. Though evidently very reluctant to admit anything to 
the disparagement of Dance, even Mr. Elmes is obliged to abandon 
the exterior of Guildhall to unmitigated censure and ridicule, and 
remark that its “ faults are more than compensated for by his well- 
proportioned, original, and elegant chamber for the Common- 
council, &c.” Admitting that tne latter were very greatly supe- 
rior to what it actually is, it would not indemnify for the positive 
and striking ugliness of the exterior, which of course stamps the 
character of the building in general opinion, and is so raaical a 
defect that it admits of no cure short of an entirely new facade ; 
whereas any defect or falling-short internally in such an apartment 
as the Common-council-room might have been easily remedied at 
any time. 

In his quality of historian the writer has fallen into a most 
glaring mistake when he says that Jeffrey Wyatt was selected by 
William IV., as his chief architect, to enlarge and embellish 
Windsor Castle, it being notorious to every one, that he was em- 
ployed by George IV., at the time of whose decease the works were 
advancing towards completion, for he had begun the new apart- 
ments. Equally notorious is it that it was George, not William, 
who changed the architect’s name to that of Wyattville. 

Wilkins is not treated very indulgently by the historian ; on the 
contrary, is spoken of with a degree of asperity that contrasts 


two original copies show by Haberkorn. in 1762, and nothing is 
said in the title-page of four volumes (although in the body of the 
work two more volumes are referred to, and two only) ; it is dis- 
tinctly marked Vol. the First. Vol. II. was published by Nichols, 
in 1787 ; Vol. III. also by Nichols, in 1794 ; and Vol. IV. by Tay- 
lor, in 1816 — that is, not till 48 years after the time above referred 
to. 

In page 340, in the life of Sir Robert Taylor, is one of those 
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rather strongly with the evident disposition to touch as gently as 
possible upon the delinquencies of many other architects Though 
the general estimate of the abilities and taste of Wilkins may be 
acquiesced in, it seems to have been dictated by the determination 
not to spare him. That he was more of the scholar and archaeo- 
logist than the architect — far more of the u bookish student” than 
the artist — is not to be denied. As to Wilkins* pedantry, that 
charge against him is, no doubt, founded mainly upon his having 
written and published so much as he did ; whereas, had he never 
taken up the pen at all, he might have been equally pedantic in 
practice, without incurring the reproach of pedantry. Downing 
and Haileybury colleges may be abandoned to censure, as equally 
frigid and tasteless in point of design ; but an exception from the 
general sweeping condemnation ought assuredly to have been made 
in favour of the London University College, which exhibits both 
classical and artistic character, and very effective play of outline. 
Undeniable it is that it has, even in its present imperfect state, 
obtained the meed of almost unqualified — not to say exaggerated 
— admiration from Wightwick and other professional men. Even 
Mr. Elmes himself did not always entertain so mean an opinion of 
that work of Wilkins as at present ; or if he did, he thought pro- 
per to keep it to himself, for speaking of it about the time it was 
erected, he says : “ The council obtained designs from several ar- 
chitects, and after due deliberation, finally adopted that of Wil- 
liam Wilkins, Esq. R.A.. a selection in which their own judgment 
coincided with that of almost every proprietor who inspected the 
drawings.” This goes far to prove that, at all events, the choice 
was not a hastily, inconsiderate one, or managed with suspicious 
secrecy. Neither is there a single remark of the writer s expres- 
sive of dissatisfaction with it. Y et he now speaks not a little con- 
temptuously of the building, without condescending to specify 
other objections than what is meant to be so overwhelming a one 
as to outweigh all beauties and merits, namely, that “ the portico 
is, from its situation, but of little use” — nay, u a useless applica- 
tion, stuck up for the admiration of gazing cabmen and hackney- 
coachmen, whilst loitering on their stand.” With what sort of 
reason is the loggia at the south-west angle of the Bank so highly 
extolled immediately after Wilkins* portico bein? decried ? it being 
nothing more than a piece of decoration which does not even carry 
with it any semblance of usefulness. 

Of Wilkins* style it is said that it was “the very mummy of the 
art ; yet, if it was, he unbandaged it when he designed the build- 
ing in Gower-street, for even in its present imperfect state it 
displays no ordinary merit in regard to grouping and the fine 
focus produced by the central mass. As an example of a decastyle, 
the portico is unique among those in the metropolis, — a circum- 
stance which an impartial and unprejudiced critic would at least 
have noticed ; — ana it acquires additional expression and stateli- 
ness from being elevated on a substructure that formB flights of 
steps leading up to it, which are very picturesquely disposed. In 
this latter respect, too, the composition may be said to be unique — 
certainly is very striking and artistic. Ab to the dome, it is of 
most elegant contour and design; and if it be objected to that 
it is a feature unknown to pure Greek architecture, the objection 
is a proof that those who make such futile objection are still more 
straitlaced and pedantic in their notions than Wilkins himself. 
The value of it in the composition is such that were it removed the 
whole would become comparatively tame and spiritless. The por- 
tico in the east front of St. George's Hospital affords another proof 
that the “ mummy” was occasionally unbandaged. That square- 
pillared tetrastyle partakes more of architectural heresy than 
pedantry. Still the heresy, if such it be, is a welcome one, and it 
has been welcomed by being adopted in the fa9ade of the new Law 
Courts at Liverpool, where the columniation is carried on, on each 
side of the central portico, in square pillars ; therefore producing 
contrast and variety, at the same time that continuity of design is 
kept up. 

It begins to be time to bring to a close this long letter, where- 
fore I will be somewhat brief in regard to what is said of Soane. 
As criticism, it is far more indulgent than discriminating, or in some 
respects even intelligible. At any rate, it is somewhat puzzling to 
make out what is meant by his buildings at Chelsea Hospital, and 
the National Debt-office, exhibiting “ a wild exuberance of no- 
velty,” since so far from any thing like exuberance, they exhibit 
only very unequal and fitful attempts at it. His building at the 
Treasury, the Royal entrance to the House of Lords, and “ some 
others of his earlier works” — though the two just mentioned were 
almost his very latest — are said to show “ exuberance of fancy” — a 
mere complimentary phrase, for his fancy was in reality exceed- 
ingly limited. It exercisea itself only on one or two piecemeal 
ideas, which he dragged into all his designs, without making any 
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thing more of them at last than he had done at first. Soane ha** 
no consistency of style, — did not even attend to keeping, but often 
jumbled together the most finical ornaments ana the plainest 
features. In his building at the Treasury, the windows were as 
ordinary, bare, and frigid in design, as the order was rich. There 
was not a single touch of Corinthianism in them. 

In speaking of the Lothbury Court at the Bank, Mr. Elmes 
again falls into inaccuracy, describing it not as it is, but as it was 
intended, for instead of their being two loggias there is only one, 
what was meant for the west one being left unfinished — a mere 
open screen of columns, if that can be called a screen which ex- 
poses to view most unsightly naked brick walls and mean, ugly 
windows. Even the opposite finished side of the court is very un- 
satisfactory, the interior of the loggia, though pretty enough in 
itself, by no means corresponding to the sober richness and dignity 
of the order. As to the Rotunda, it is most vilely disfigured by 
the equally barbarous and nonsensical wavy lines around the arches 
of the recesses, which seem to have been made by a stick upon some 
soft material while it was moist. It is admitted that the centre of 
the south front of the Bank “Is by no means the happiest of Soane's 
designs,” and that is treating it far more tenderly than it deserves, 
for it is such a decided failure and abortion that it ought to be 
subjected to the same process of rifacciamento as his Treasury 
building has been. 

Zero. 


DISSERTATION ON TORRENTS.— By Guglielmini. 

Translated by E. Cresy, Esq., in his Evidence before the Metropo- 
litan Sanitary Commissioners. 

I come now to the propositions of Guglielmini, in which he pre- 
tends that a body descending an inclined plane, will not acquire a 
velocity greater than it would have acquired by descending per- 
pendicularly the height of the inclined plane. 

This is most true as respects solids. The elements of a solid 
beinff bound and tied together, form a heavy mass, the parts of 
which press each other reciprocally, and the pressure on the plane 
on which they rest is likewise single, as also is the direction ; one 
velocity, one energy, and one action being common to all the parts. 
On the other hand, a fluid is a mass composed of lesser solid ele- 
ments, but free, and not bound together by any ties, each of which 
can, so to speak, move in different directions and with varying 
velocities, press upon each other and oscillate freely. Whence the 
highest parts press upon the lower, oscillate, and are easily dis^ 
placed when tnere is no impediment. When solids descend by a 
plane, their individual gravity alone operates ; which being less 
than their absolute gravity, generates, at each instant, a degree of 
velocity less than that which their absolute gravity would have 
generated, wherefore solids require a longer time to descend by the 
inclined plane than by the perpendicular, the length of time mul- 
tiplies the action of the individual gravity, and compensates for 
the defect of the velocity. Wherefore a solid descending by an 
inclined plane, has a velocity equal to what it would have, falling 
the same height directly. Hence the product of the action of 
the individual gravity, by the time of the descent by the inclined, 
plane, being equal to the product of the absolute gravity, by the 
time of the fall along a perpendicular, their velocities must neces- 
sarily be equal. But in fluids the case is different. Besides- the 
properties which they possess in common with solids, they have 
another, to wit, the pressure exercised by the upper on the lower 
part of the fluid, the which being addeii to the impact, increases 
the motion also, and hence generates a greater effect than a solid 
would. Neither is it absurd to suppose that the gravity of a fluid 
generates a greater velocity on a plane, than when acting perpen- 
dicularly, since this generates in treater time, and with a portion 
of gravity which in a solid which falls remains, so to speak, idle, 
but, in the case of a fluid, becomes active. John Bernoulli, in his 
works, gives a problem to find the velocity generated by a body 
sliding on the hypothenuse of a triangle, whose base is sustained 
by a smooth horizontal plane, free from any sensible friction, and 
moving in the direction of the base. He decomposed the force 
pressing the hypothenuse, or inclined plane, into two parts, one of 
which is employed in giving motion to the triangle, and sliding it 
forward ; whilst the body descends on the plane, advances the tri- 
angle, and communicates thereto a certain rate of velocity ; the 
descending body thus requires a velocity equal to that which it 
would have in falling perpendicularly, and the triangle has another 
force generated by that which presses it, whence it results that the 
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sum of the two motions is greater than that which a body would 
acquire by its simple descent. Wherefore, since the aforesaid 
force by pressing, generates velocity and motion distinct from that 
which a body, in descending, generates ; in like manner it is ap- 
plicable to water pressing on the lower films, and by pressing, com- 
municating additional force to them. Besides, there are other 
reasons corroborative of this truth, among which is the fact, that 
it is necessary to spread the accelerated velocity of water passing 
from a larger to a narrower section over a mean of pressure. 

Galileo says, w I have been carefully considering and going 
through various problems to investigate the acceleration of water 
having to pass through a narrower channel, also whether it has the 
same declivity in both.” The greater number of authors solve the 
point by increasing the height of the water, and hence the pres- 
sure, thus generating a greater velocity. Eustace Manfredi thus 
expresses himself: — “ The same water passes through a lesser as 
through a greater section, wherefore it is forced to pass with a 
greater velocity, precisely as will be the case in a vase in which 
the surface of the water may be at a certain height above the sum- 
mit of the aperture.” Guglielmini, to the same effect: — “The 
upper parts press the lower, and oblige them to receive a force, 
which being compelled to act, produces the same degree of velocity 
which the descent would have given them.” We might quote 
other authors, who account for the increased velocity in narrower 
sections by having recourse to the pressure generated by the height 
of the upper parts, only they are in doubt on this subject, whether 
to attain so great a velocity it be necessary that the upper water 
should increase in height till it becomes stationary ; not being able 
to believe that the upper water which is in the act of running is 
capable of producing a new increment of velocity in the lower. 
But experience teaches us that if the breadth of a section be 
diminished one-halL the water will not rise that half, as would 
appear necessary ; if the velocity does not increase, it increases 
at least very little, either in section or at the base, where the re- 
duced sections are of the same breadth, since the water retained 
bv the narrowing of the piers of a bridge is but slightly raised. 
Wherefore it is necessary that the velocity increase without having 
regard to any new inclination, which is always the same v but only 
by an increase of height, which causes a pressure on the lower 
water which is in the act of running ; whence I deduce the argu- 
ment to strengthen my opinion in the case in which the velocity, 
arising from the inclination, is equal or greater than that which 
might have been generated by the pressure. Let us take two cases, 
one which allows the same measure of water to pass through one 
section twice as little as the first, preserving the same inclination, 
the other in which the velocity increases till it becomes twice as 
much. 

But whence comes such an increase of velocity ? what is the 
principle, what the nature of it ? To say with Gennete, that twice 
the quantity of water doubles the velocity, is not to adduce a proof 
but to advance a mere assertion, which either supposes or requires 
it. I do not think that a true philosopher will perceive in the in- 
crement of so much water the principle of so great an acceleration. 
It behoves us to examine the genesis of such a phenomenon, and 
to observe the mechanism which nature adopts therein. And, 
firstly, two epochs of time are to be distinguished, one the first 
perceptible moment in which the section is reduced to half. Now, 
at this first instant, the water must swell and rise much above its 
first level, in which rise it generates a proportional velocity. But 
in the very act in which such a velocity is generated, the water 
begins to fall, wherefore the present case holds good, that the sec- 
tions are in reciprocal proportion with the velocity. The water 
does not fall in this manner, wherefore it returns to its first level, 
or a little higher, there being a constant principle which compen- 
sates for a portion of the velocity destroyed by successive obsta- 
cles. Water in its course meets with continual resistance which 
diminishes its force, wherefore there remains in the water a con- 
stant principle which supplies and renews any decrement of velo- 
city which the resistance may produce. Now this principle is, that 
whatever small increase of height above the original level causes 
pressure causes also velocity. Arrived at which point the water 
maintains the same height, which I have elsewhere designated 
equilibrium and constant state. Observers have not paid attention 
to the first epoch in which the water swells, is agitated, balances 
itself^ but only have considered the other in which it acquires equi- 
librium, state, law. All this takes place so quickly that the swell- 
ing, sinking, and equilibrating hardly are evident to our percep- 
tions. If, as I believe, the experiments of Gennete were true, 
according to which a river doubles or triples its water without 
raising its level, then it would be correct to say that it was free 
from any sensible resistance. This might be the case in an artifi- 


cial river of short length, over a level bottom with smooth sides, 
and furnished with clear water. But in a natural and turbid 
stream, where the resistance, and that considerable, will never be 
wanting, it is not likely that when reduced to half its original 
section, it preserves its former level. This being determined, to 
come to the question above proposed, I resolve it thus : — Either 
the velocity begins to increase by the water beginning to swell, or 
the whole mass increases. If the first takes place, then the height 
being small, and hence the pressure being likewise small, the velo- 
city generated will be also small. It is not that so small a velocity 
is added to so great, which it derives from an inclination, contrary 
to the sentiment of S’Gravesand. If the second takes place, it 
being then the velocity which increases, is equal to, or is less than 
that which results from an inclination, and not having any other 
generating principle than the pressure, it is clear that it acts when 
the velocity which generates itself is less or equal to that which 
was before generated by the inclined plane. Now I repeat, there- 
fore, that the water as it strikes the bottom presses the lower films 
which run, spread out upon it, by which the pressure is communi- 
cated from above downwards. I agree with what Manfredi says, 
that u all the lower strata of water may be regarded as so many 
bottoms, or actual planes, with regard to the upper planes which 
run upon them. Hence these fluid planes are sensible of the same 
pressure of running water which they would sustain if it were sta- 
tionary at an equal height.” To me it appears an incontestable 
truth that water which presses the bottom should press all that 
portion by which the pressure is communicated, otherwise if it does 
not press all that which forms the middle, it will never arrive at 
the bottom of it, which is contrary to all experience. If this bot- 
tom be of a curved form, concave towards the water, the pressure 
will have the action of a centrifugal force, the which conspiring 
with the former, will increase the momentum, and thereby its 
energy and velocity. 


PROCEEDINGS OF SCIENTIFIC SOCIETIES. 

ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

/an. 10. — Charles Fowler, Esq., V.P., in the Chair. 

Many presents were announced. Among them were drawings from Mr. 
B. Perry, of the Town Hall of Morpeth, supposed to be by Vaubrugb, and 
a work on church building by M. rie Lassaulx of Coblentz. 

Mr. La yard, the explorer of Nineveh, was then introduced by Mr. Tite, 
and at the request of the Institute, made some remarks on the ruins of that 
city. Of the external architecture, or of the date of the ruins, he could 
say little, as hardly a fragment remained to guide the judgment, though no 
douht of their great antiquity could be entertained. One proof he could 
give was, that though the earliest ruins were buried in the soil, graves had 
been dug in these by a people who lived 700 years before the common era. 
He was inclined to believe that some of these buildings might be three thou- 
sand years old. The rooms were covered with marble slabs, sculptured in 
low relief, like those in the British Museum, and they were joined together 
by double dovetails of iron, and the doorways were flanked by tall winged 
figures, higher than the side slabs. J he figures were all marked with blood, 
as if it had been thrown against them, and left to trickle. The walla which 
back the slab* are of sun-dried bricks, and, where they show above the 
slahs, are plastered over and painted. Such beams as remain are found to 
he of mulberry. How the slabs have been preserved is a matter of mystery, 
hut is perhaps to be explained by their lying under the crumbled remains of 
the bricks, which have returned to earth. Mr. Layard noticed that the 
buildings were provided with a system of sewage, a drain running from each 
room to a main sewer. In a small chamber which be had discovered among 
the ruins, he had seen vaulting of bricks regularly arched. The date of the 
destruction of Nineveh was 700 years b.c., while the bas-reliefs belong to 
earlier dates, in many cases tbe slabs have been used before ; one slab was 
found with the sculptured face turned to the wall, and the back re-worked. 

Mr. Bonomi observed that in Egypt the cramps were of wood, and he 
thought it extraordinary that at Nineveh they should be of iron. 

Mr. Donaldson remarked that those of the Parthenon were of iron, and 
proceeded to offer his tribute of thanks to Mr. Layard for his communica- 
tions. He thought that gentleman the more deserving of praise, as to much 
of what he had done was by his own labour and expense, and yet he had 
successfully competed with the explorers sent out by the French govern- 
ment. Mr. Donaldson wished to inquire whether the external face of the 
sun dried bricks were covered with piaster to keep out the wet. 

Mr. Layard had not observed this. Tbe internal face was partly coloured 
and enamelled, and decorated with human figures and other ornaments. At 
to the vaulted chamber of which he had spoken, it was covered with an 
arch of 12 or 14 feet diameter, very nearly a semi-arch. As to tbe sewers, 
they were nut arched. 
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Mr. I'anson, in correction of a statement at a former meeting, said tbe 
new sewers at Hamburgh were not oval, but egg-shaped. 

Mr. Poyntkr read a paper on “ Leather Hangings,” illustrated by a num- 
ber of specimens sent by Mr. Pratt. — The author mentioned examples of 
feather embossing among the Egyptians, and in the middle ages, and also of 
its extensive use in the sixteenth and seventeenth centuries, after its revival. 
The leather used was fine, and was either embossed or simply painted. It 
was chiefly brought into this country from Flanders and France, and theie 
did not seem to have been any manufactory of it here. Some thought that 
the process had been first revived either at Venice or in Spain, but this is 
still matter of doubt, though at Venice embossed leather hangings were in 
general use in the seventeenth century. Tbe first stage in the process was 
to join the skins, and then to silver the whole surface. Parts to have the 
appearance of gold were varnished with coloured varnish. After silvering, 
the leather was stamped with cut blocks under a press. The borders and 
more delicate work were executed with metal tools, like those of book- 
binders. What is called tbe Titian Gallery, at Blenheim, has paintings on 
feather, but they are not by. Titian. Mr. Poynter exhibited some fine exam- 
ples, one being Antony and Cleopatra, from a series formerly belonging to 
the great Lord Clarendon. He recommended such specimens as suitable for 
museums of mediaeval antiquities. 

Mr. Crack stated that piaster moulds are used at Paris to emboss the 
leather, and that much flock is worked up to ornament the face. 

Tbe Chairman brought to the notice of tbe meeting the loss they had 
sustained in the death of two members of the profession. Mr. Kay, a mem- 
ber of the Institute was the first whom he should name, one whom they all 
knew and respected, and who had taken an active part in tbe establishment 
of the Institute. — Mr. Lonsdalr Elmrb was not a member of the Institute, 
but a most promising architect, whose works at Liverpool reflected the great- 
est credit upon him. A slight fall iu getting out of a carriage was the more 
immediate cause of destb, but he was suffering from disease which would 
otherwise have carried him off. 

INSTITUTION OF CIVIL ENGINEERS. 

Jan. II. — Sir J. Rem nib, President, in the Chair. 

The first meeting of the session was held this evening, when tbe following 
papers were read 

Mr. Frederick Ransome’s “ process for making Artificial Stone.” 

The modus operandi appeared to be very simple. Broken pieces of silica 
(commoo flint) being subjected for a time to the action of caustic alkali, 
boiling, under pressure, in a close vessel, formed a transparent silicated solu- 
tion, which was evaporated to a specific gravity of 1*600 (distilled water 
being 1*000), and was then intimately mixed with given proportions of well- 
washed sand, broken granite, or otber materials, of different degrees of bard- 
ness. The paste thus constituted, after being pressed into moulds, from 
which the most delicate impressions were readily received, were subjected to 
a red heat, in a stove or kiln, by which operation the free or uncombined 
silica of the raw materials united with the excess of alkali existing in the 
solution, thus forming a semi-vitreous compound, and rendering the artificial 
stone perfectly insoluble. This production must evidently be adaptable to 
a comprehensive range of objects for decorative art, and for architectural 
purposes ; busts, vases, flooring tiles, steps, balustrades, mouldings, capitals, 
shafts, and bases of columns, &e>, even grinding stones and whetstones for 
scythes, have been made ; and, in fact, from the beauty and variety of the 
specimens exhibited, there would appear to be a vast field opening for such 
a production. It was stated to be already extensively manufactured at Ips- 
wich, and it was allowed to admit of extensive application where elaborately 
carved stone would be too expensive. 

Mr. Richmond, of Bow, exhibited and explained “ an Engine Counter” ma- 
nufactured by him on an improved principle- The counters in ordinary we 
were described as either somewhat inefficient machines, liable to error, or of 
too expensive construction to be generally employed. This counter differed 
from others chiefly in its simplicity and its accuracy, whilst, at the same 
time, its low price of 71. brought it within tbe reach of every one. With 
this machine the number of strokes made by the engine or other machine 
could be read off at one view without calculation. The leading or unit hand 
traversed the entire circumference of the large dial, and those of the three 
small dials revolved in the same direction. The first motion was described 
as being given by a sliding bar and fixed spring, instead of by a double pallet, 
so that the first wheel could not be thrown more than one tooth by one 
stroke of the engine. The hands were all moved by a train of wheels and 
pinions, without skip-wheels, so that the motion was regular and progres- 
sive. These were admitted to be advantages, and in the discussion upon the 
machine its merits appeared to be shown very decidedly. 

Jan. 18. — Sir J. Rennie, President, in tbe Chair. 

The annual general meeting of the Institution was held this evening, when 
the following gentlemen were elected to form tbe council for the ensuing 
year : — 

President — J osh na Field. 

Vice Preeidente — W. Cubitt, J. M. Rendel, I. Simpson, and R. Stephen- 
son, M.P. 


Membert — J. F. Bateman, G. P. Bidder, I. K. Brunei, J. Cubitt, J. Locke, 
M.P., J. Miller, W. C. Mylne, T. Sopwith, J. R. M‘Clean, and C. May. 

Associates qf Council — J. Clutton, and T. H. Wyatt. 

The report of the council continues to be very encouraging, and shows 
that the progress of the society is steadily good. 

Telford medals were presented to Messrs. Jackson, Richardson, Murray, 
Glynn, and Frodsham, and to the two former gentlemen council premiums 
of books were added. Telford premiums of books were also awarded to 
Messrs. Elliott, Heppel, Shears, and Masters, for the communications made 
during the past session. 

Memoirs were given of the deceased members and associates, Messrs. 
Thom, Giles, Lipkins, Mushet, Reynolds, Holtzapffel, Evans, Watkins, and 
Ball. The career of several of these gentlemen bad been so varied, and pos- 
sessed such points of interest, that the memoirs were necessarily extended 
beyond their usual length. The report noticed the increased attendance of 
metnhers and visitors as evidence of its advancing career, and of the interest 
felt for the science of civil engineering. A pressing appeal was made to mem- 
bers of all classes to contribute papers, to induce animated discussions, which 
are the distinctive feature of the meetings of the society. The principal events 
of the past session were touched upon, and several private matters relative 
to the internal management of the Institution were fully discussed. The 
council then explained the changed form of the balloting papers, necessitated 
hy the new bye-laws, and the retirement of Sir John Rennie from the post 
of president, which he had filled with such credit to himself and benefit to 
the society for the last three years. In conclusion, tbe report said, “ Let 
the civil engineers remember that * union is strength and that, if they are 
true to each other, and use the Institution as the common centre and bond 
of unity, they may set at nought all efforts to dislodge the civil engineers of 
England from the proud eminence where their talents, their practical skill, 
and their probity have placed them/’ 

Before leaving the chair, Sir J. Rennie, president, addressed the meeting 
on the selection of the president, and impressed upon them the claims of 
Mr. Field ; not only as one of the founders of the Institution, and who had 
filled for many years all positions in the society, nor because he was univer- 
sally respected and esteemed as an upright, honourable, kind-hearted man, 
but chiefly on account of his acknowledged celebrity as a mechanical engi- 
neer, particularly in that most important department — steam navigation ; 
and, because his election would unite more firmly the two branches of the 
profession, which, to ensure general prosperity, must ever go hand in hand, 
as they had hitherto done in tbe Institution, in spite of all attempts to make 
it appear otherwise. He then reviewed the position of the Institution during 
his presidentship, offering his best thanks to the vice-presidents and the 
members of council, and to the secretary, for the support and assistance 
afforded him ; and then examined, with much candour, tbe relative positions 
of the civil engineers, and of the government boards and commissions, which 
had appeared to clash more than was desirable. This he showed not to rise 
from any of the acts of the civil engineers, who had ever been ready to afford 
their best assistance to the government in any capacity ; and further, that it 
would he the interest of the government to take advantage of the talent, 
energy, and practical skill of the civil engineers, by whom they had ever been 
well served, rather than incur the hazard and the expense of forming a corps 
that would require more time for educating than could be afforded in these 
active times, when even hesitation was perdition. 

This address was responded to very warmly by the meeting ; and a vote of 
thanks to Sir John Rennie was received with cheers. Thanks were also 
voted to the council and the secretary of the Institution for their services. 


SOCIETY OF ARTS, LONDON. 

Dec. 15. — P. Lb Neve Foster, Esq., in the Chair. 

The Secretary read a paper, by Mr. A. G. Findlay, M.R.G.S., 44 On the 
various descrip tione of lighthouses, Beacons , and Light-vessels, their Con- 
struction, and the methods qf Illumination employed therein /* 

Mr. Findlay commenced bis paper by alluding to the vast importance to 
a maritime nation like England of having a durable and efficient mode of 
constructing and illuminating lighthouses, light-vessels, &c., and proceeded 
to point out the general uses of lighthouses. The oldest structure upon 
record is the celebrated Pharos of Alexandria, which served as a guide to 
ancient mariners during a period of nearly 1,600 years. Pliny says, 11 It 
was square, of white stone, and consisting of many stories, and diminished 
upwards till it attained the height of 547 feet.” The most ancient structure 
known to exist in this country is the Roman pharos at Dover castle, and 
this would still answer its intended purpose, after a lapse of 18 centuries. 
The celebrated Cordouan Tower, in the Bay of Biscay, is another instance 
of stability, having been built in 1611. The Eddystone lighthouse has 
attracted more of the attention of the public than perhaps any other. The 
first of these edifices was of wood, and built by Mr. Winstanley in the year* 
1696-8 ; but, owing to the sea washing over the lantern, it was subsequently 
raised to a height of 120 feet. In November, 1703, tbe entire structure 
was washed away, and in 1706 sanction was obtained for its being rebuilt, 
which was accordingly done by Rudyerd, but which was destroyed by fire 
in 1755. The present tower, one of the artificial wonders of England, and 
built hy Smeaton, is 100 feet high, and has given good proof of its capa- 
bility of resisting the force of the waves. The Bell Rock lighthouse is a 
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similar structure to the Eddystone ; it was built by Stevenson at a cost of 
£60,000. The most recent erection of this description is on the Skerryvore 
rock, which cost £90,700. 

The author next alluded to the difficulty of constructing permanent light- 
houses in exposed situations, and the advantages of them over floating lights, 
as well as the much smaller annual expenditure required to maintain an effi- 
cient light. The first floating light was the well known Nore light-vessel, 
moored in 1734. In order to insure stability in a lighthouse, Mr. Findlay 
stated that it is necessary that the structure should be capable of affording 
resistance to a pressure of not less than 6,000 lb. to each square foot of 
surface exposed to the action of waves. This assertion was founded on 
experiments made by Mr. Alan Stevenson, who ascertained and registered 
the force of the waves at the Skerryvore rock, on March 25th, 1845, during 
a westerly gale, when it was found to be 6083 lb. per square foot ; this, the 
greatest force hitherto registered, was cited with many others. He next 
proceeded to point out the inapplicability of iron to the construction of 
lighthouses where the metal was immersed in the sea water, which has the 
effect of reducing it to a body similar in its chemical properties to black- 
lead; and instanced the effects produced on a cannon-ball taken from the 
Mary Hose, after having been sunk off Spithead for a period of 150 years : 
the iron shot upon being exposed to the air gradually became red hot, and 
then fell into a red powder resembling burnt clay. — The author next de- 
scribed the methods which have beeu suggested for overcoming the difficulty 
of exposing large surfaces to the action of the force of the waves, and also 
for obtaining a firmer foundation on a sand, and especially Mr. Alexander 
Mitchell's screw-pile lighthouse erected on the Maplin Sand, and Dr. Potts's 
method of driving piles by atmospheric pressure, as applied at the South 
Calliper beacon on the Goodwin sands, in 1847, and to other beacons on 
various shoals at the mouth of the Thames, as on the Blyth sand, and on 
the shingles in the Prince's channel. Another plan for the erection of 
lighthouses has been carried into effect at the Point of Ayr by Mr. Walker ; 
it consists in constructing hollow cylinders, which are filled with concrete 
and then sank, and from them the piles rise. Capt. Sir S. Brown has also 
proposed a plan for the erection of lighthouses in deep water upon bronze 
standards, and a modification of his plan was adopted by Captain Bullock. 
The author further alluded to Mr. Bush's Light of all Nations, and to Mr. A. 
Gordon's iron lighthouses at Jamaica and the Bermudas, in which the cases 
are filled with a solid mass of concrete ; and alluded to the fact that Rennie 
had proposed iron for this purpose as early as the year 1805 for the Bell 
Rock. 

Having thus shown the different methods employed in the construction 
and erection of lighthouses, Mr. Findlay proceeds to remark on the various 
plans of illumination which have been employed : of these the earliest was 
the coal fire and the Cordouan billets of oak. In 1752 the South Foreland 
lighthouse, previously illuminated with an open coal fire, was covered with a 
lantern with large sash windows, and the fire was kept bright by means of 
large bellows ; the lantern was subsequently removedL, and afterwards, at the 
commencement of the present century, fifteen large lenses with separate 
lamps were placed in it. In 1790, the only exception to the coal fire was 
the Eddystone lighthouse, which had a chandelier with 24 wax candles, and 
the Liverpool lighthouses with oil lamps and rude parabolic reflectors. An 
interesting historical fact was then mentioned— viz., that parabolic reflectors 
were used at the Liverpool lighthouses (built in 1763), as Mr. W. Hutchin- 
son, in his 11 Practical Seamanship/' published that year, describes the appa- 
ratus then in use — the larger reflectors of wood lined with small pieces of 
looking-glass, the smaller of polished tin : this was the more curious, as it 
had been claimed by the French for M. Teulere in 1783, and first used in 
Scotland in 1786. The parabolic reflectors, of which some beautiful speci- 
mens were shown to the meeting, are now constructed upon the formula of 
the celebrated Captain HuddarU Having explained the catoptric or reflect- 
ing principle of illumination, which received so great an improvement in the 
invention of the Argand lamp in 1780 or 85, several other lights were ex- 
hibited and described — viz., the Drummond light, the voltaic light, and the 
causes of their inapplicability. The present mode of lighting is from lamps 
constructed on a modification of the Argand principle. A first-order pneu- 
matic lamp with four concentric wicks, showing a most powerful light, was 
exhibited. The dioptric principle, in which the rays of light emanate from 
a central lamp, and are controlled and directed by a series of lenses placed 
before and around it, next occupied attention. The author claims the 
priority of its suggestion for an optician in London, as mentioned by Stnea- 
ton, who proposed, in 1759, to grind the panes of the Eddystone lighthouse 
into a sphere of 15 feet diameter. The present form of lens, generally 
known as Fresnel's, was (list suggested by the celebrated Buffon, to whom it 
is probable the catoptric system owes its origin. Sir David Brewster, in 
1811, showed the practicability of constructing a lens of separate pieces, 
and this was first used in France by Fresnel, and has since become universal 
in French lighthouses. A comparative view of the catoptric and dioptric 
systems is afforded by the fixed lights of the South Foreland, the higher 
being from the dioptric principle and the lower from Huddart's reflectors, 
which to a distant observer appear equally bright — the only test of their 
efficiency. The cata-dioptric principle was illustrated by a beautiful fourth- 
order apparatus, lent by Messrs. Wilkins, in which, above and below the 
light, a system of totally reflecting prismatic zones is arranged, the sugges- 
tion of Mr. A. Stevenson. Mr. Alexander Gordon's cata-dioptric system, a 
onion of the reflector and refractor, wos also described. — Some particulars 
respecting the power of light in penetrating mist were also brought forwaid. 


During fogs the attendants of light -vessels sound a bell at intervals, or, as 
now used by the Trinity Board, a Chinese gong. Instead of this, Lieut. 
Sheringham, R.N., proposed, in 1842, to use a whistle worked by bellows, 
and Mr. Gordon proposed to place the whistle in the focus of a parabolic 
reflector, to direct the sound. Mr. Findlay concluded his paper by suggest- 
ing the use of Mowbray's chemical whistle, which was exhibited and de- 
scribed. 


ROYAL SCOTTISH SOCIETY OF ARTS. 

Jan. 10. — Giorge Buchanan, Esq., F.R.S.E., President, in the Chair. 

The following communications were made 

1. Description with Drawings qf a Portable Cofferdam , adapted specially 
for the use qf Harbour and other Marine Works in exposed situations . By 
Thosc as Stevenson, Esq., C.E. 

This cofferdam was used at Hynish harbour works, Argyllshire, for exca- 
vating rock which was seldom left dry by the tide, and was covered with 
two feet of sand. It was found impossible to form a common cofferdam, 
owing to the shallowness of the sand, which could not afford any support to 
piles, and to the violence of the sea, which would in a single tide either 
wholly break it up or render it leaky. The cofferdam adopted being porta- 
ble, was moved from one compartment of the cutting, when finished, to 
another. It consisted of two double frames of timber, each complete in 
itself, being bound together with iron rods, forming a dam about 10 feet by 
14, and 3 feet high. One of these double frames (being somewhat less than 
the other) was placed inside of the larger, so as to admit two piles being 
driven between them. In this way the piles could, from the depth of the 
frames, be driven perfectly straight, and were also quite independent of sup- 
port from the send. As each compartment of the excavation was completed, 
and before the dam was removed, one row of piles wss driven down to the 
bottom of the pit and left standing, so as to be a guide for again super- 
imposing the frames over them, and in this way it was impossible for any of 
the rock to escape being removed. The peculiar advantages are its porta- 
bility — its ready adaptation to a sloping or to an irregular bottom — the ease 
and certainty with which the partitions between each section of the rock 
were removed, and the double-framed walings that supported and directed 
the driving of the piles. Whenever excavations require to be made in r 
rocky beach covered by a stratum of sand, however thin, this form of dam 
may be used, as there is no kind of lateral supports such as shore wanted, 
the structure containing within itself the elements necessary for its stability. 
It possesses, indeed, the properties of a caisson, with the additional advan- 
tage of accommodating itself to an irregular bottom. 

2. Description of a Cast-iron Shew Bridge , of two arches — qf 100 feet 
span each — now being erected to carry the Leeds , Dewsbury, and Manchester 
Bailway, over the River Calder at Ravenswharfe , near Dewsbury. By 
Thomas Grainger, Esq., C.E. 

This bridge is a skew at an angle of 56 deg., and consists of two arches of 
100 feet span, with a pier about the centre of the river; each arch is formed 
with six cut-iron segmental ribs, having a rise of 12 feet,— each rib is cast 
in five pieces, having flanges or lugs at the joinings, and bolted together 
with 2-inch bolts ; the section of the ribs at the abutments is 3 feet deep, 
the web 2| inches thick, the top and bottom moulding or flanges 8 inches 
by 3 inches, presenting an area of 123 inches; the section at the crown is 
2 ft. 9 in. deep, and otherwise the same u at the abutments, and presents an 
area of 1 15| inches. The spandrils are cast along with the ribs — the joints 
being formed at the uprights instead of at the intermediate spaces, u shown 
on the model. The ribs have dovetailed sockets cut upon them to receive 
the cast-iron braces which are keyed into them ; these braces, 10 in number, 
stretch across the bridge at right angles to the ribs ; there are also 8 wrought- 
iron tie-rods, 2 inches diameter, placed parallel to the line of the abutments, 
to connect the whole structure together. The ribs abut against and are 
keyed into musive iron bed-plates sunk into the stone-work of the abut- 
ments. The roadway is supported by transverse timber beams 12 inches by 
9 inches, bolted to the top of the spandrils at intervals of 3 feet from centre 
to centre ; the planking is 3 inches thick, aud is laid diagonally across tnese 
beams, and spiked to them with 6-inch spikes ; and over the planking a 
coating of uphalte is to be laid. The outside ribs are surmounted by a 
cut-iron cornice to correspond with the masonry, and having a cast-iron 
railing on the top. The estimated weight of the cut-iron in the bridge is 
603 tons 4 cwt., and the expense of fitting up the iron and timber work has 
been contracted for at 8,598/. 

3. Observations on the means by which Time may be communicated by 
Signal Balls from one Station to another . By John Adie, Esq., F.R.S.E. 
The author of this paper remarked, that the distance of the Nelson Monu- 
ment from Leith, and more so from Leith Roads, would allow a time-ball 
placed on the Monument to be distinctly seen only in very clear weather, 
which is eonfioed to a limited number of days, rendering it of little use to 
the shipping in the Frith of Forth. He next described a method by which 
the ball on the Monumefit, and one at Leith, might be dropped at the same 
second of time, by a person in charge at the Royal Observatory, Calton Hill. 
This he proposed to do by making use of the great force induced on artificial 
iron magnets, the wires surrounding these magnets being brought into con- 
tact with the poles of a galvanic battery placed in the Observatory, and em- 
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ploying this force to draw bolts or catches to free the balls and allow them 
to drop ; a number of magnets in communication will develop their forces at 
distant stations at the same moment, and allow balls at several stations to 
indicate the same second. 

4. Description of a Safety* Wheel Ring-Revolver , to prevent Wheels of 
Carriages from flying off the Axles . By Rev. Graham Mitchell, A.M. 

The object of this invention is to prevent disasters, by rendering it im- 
possible for any wheel flying off the axle, whether from tear and wear, or con- 
cussion. Independently of all former contrivances of security for human 
life, there is here superadded a brass or iron ring attached to the wheel be- 
hind the bush, which apart revolves along with the large wheel itself round 
a nitch cut in the axle of the carriage, and which is designed to act as a 
preventive against a wheel ever flying off, whatever be the velocity of revolu- 
tion. 


INSTITUTION OF CIVIL ENGINEERS OF IRELAND. 

Dec. 14. — Col. H. D. Jonbs, President, in the Chair. 

The following papers were read : — 

“ Description qf a Clock with a Registering Machine attached” By Mr. 
Sharp. — An ordinary dock was exhibited, with the addition of a certain 
number of projecting pins on the dial ; the interval between every two pins 
expressed a certain portion of time, being that which elapsed while the hour 
hand of the clock, in its ordinary motion, passed from one pin to another ; 
a lever was attached to the back of the dial, by means of which the hour 
hand could be pushed in at any time against the face of the dial, and, by 
coming in contact with one of the projecting pins immediately under it, 
push it in also, and the pin so pushed in would register, within but a few 
minutes, the exact time the hand was brought in contact with the dial. Mr. 
^ Sharp explained how, by means of a sufficient number of pins on the dial, 
^ very small intervals of time might be registered. This invention he con- 
^ ceived could be used for all the purposes of a noctuary, and might, by 
means of an additional mechanical contrivance, be made to register tike 
times of the arrival and departure of the trains, by means af the trains 
themselves. He also explained how the movement of the clock was not in 
the least injured by this addition, and that this means of registering might 
be also applied to clocks already constructed. 

** A short account qf the Fall, during a violent storm, qf part qf a Roof 
t* progress qf erection over the Dublin terminus qf the Midland Great 
Western Railway.” By Mr. Hemans. — T he total length of the roof of this 
building is 475 feet, and the widih 120 feet, divided into two spans of 60 
feet each, the roof resting on walls at either side, and on columns in the 
centre. The centre columns are 62 ft. 6 in. apart, and are connected by flat 
arches and gutter- plates. The whole structure, with the exception of the 
columns, gutter-plates, tie-washers, and sockets, is composed of rolled iron. 
The principal, which are the only rafters, are 38 in number to each half-roof, 
and are 12 ft. 6 in. apart. They are formed of what are called “ deck 
beams.” The cover of the roof it of corrugated galvanised iron, and con- 
nected by bolts and rivets similarly galvanised, and provision fa made for 
expansion and contraction. Twenty-five of the principals were erected on 
each side, and the whole centre line of columns and arches complete, when 
the storm, the cause of the accident, began. The principals not being con- 
nected together by temporary diagonal braces (none would be required when 
the corrugated covering was fixed), were exposed to the powerful action of 
the gale in the direction in which no temporary provision had been made to 
withstand lateral pressure ; and the consequence was, as might naturally be 
expected, that the greater portion of them were blown down one over the 
other, like a pack of cards; and the whole of them had snapped their 
sockets. 

Several members expressed their satisfaction at Mr. Hemans having placed 
on record this failure through inattention to the necessary precautions in the 
execution, which would prove an useful lesson. 

u An account qf the removal qfa Mill at the Cutts t near Coleraine .” By 
Col. H. D. Jonbs, President. — The paper was accompanied by several draw- 
ings explanatory of the subject, and detailed the mode adopted for the re- 
moval of a large mill, the height of which, to the eaves, was 65 feet, and 
the walls were of proportionate thickness, being three feet at the level of 
the ground story. The execution of the works in connection with the 
drainage of Loogh Neagh, rendered the removal of this mill necessary, and 
the use of gunpowder was considered the most economical means of effect- 
ing this object ; but the contiguity of the mill to several houses by the 
roadside rendered it necessary to guard against accident, by limiting the 
charge of powder. A detailed account was given of the quantity of powder 
used, the mode of applying the charges, and the effect produced, and very 
satisfactorily proved tbe economy of the measure. This work was conducted 
under tbe superintendence of Mr. C. S. Ottley, tbe district engineer for 
Loogh Neagh drainage. — Tbe President stated that be had used gunpowder 
with much advantage, both as regarded effect and economy, in the removal 
of large boildings, bnt especially in the removal of a large storehouse at 
Fiushans. 

Mr. M'Mahon stated the great advantage of adopting the plan which 
bad been so successfully tried in the present instance. 

Mr. Clarendon described the mode hy which the high dock wall had 
been removed at tbe site of the Dublin and Drogheda railway terminus in 


Amiens -street, which had been effected expeditiously and economically, and 
without the use of gunpowder. 

Mr. Dean called the attention of tbe Institution to the inefficient state of 
the sewerage of Dublin. 


HINTS TO PLANTERS. 

A correspondent of the Gardeners' Chronicle says, u In rambling through 
the New Forest, I have been much struck by observing how much the beauty 
of natural woods depends upon the open glades, or intervals bare of trees, 
which there so frequently occur, and have often wondered why the land- 
scape gardener so seldom imitates nature in this respect. In the disposition 
of the open and the wooded spots, it may be observed that nature commonly 
fills up the valleys with wood, and leaves most of the brows and eminences 
bare, and in an undulating country, nothing is more pleasing to the eye than 
thus to see tbe woods creeping up the hollows and gradually feathering off, 
and disappearing as they approach the summits of the hills, which rise hare 
of trees above them. The landscape gardener almost invariably does the 
reverse. He commonly plants all the eminences (probably from the notion 
of making a more conspicuous show at a distance), leaving his vacant spaces 
in the valleys and lower grounds. By this means (putting appearance out 
of the question) he subjects his trees to the double disadvantage of a more 
exposed situation, and a shallower soil ; consequently his trees grow incom- 
parably slower than they would do in the deeper toil and more sheltered 
situation of the lower grounds. Trees differ so much in the soil and situa- 
tion suitable to the different kinds, that it is of the utmost consequence to 
the planter that the one should be adapted to the other ; and if planters 
could be induced to look after these things themselves, instead of entrusting 
them to the nurseryman, one would not so often tee plantations filled with 
such worthless trees as beech and sycamore, where more valuable sorts, such 
as elm, ash, and chesnut, would flourish equally well. With this view, I 
have thrown together a few observations on the sorts of trees commonly 
planted. The larch would, no doubt, be the most valuable tree that can be 
planted, were it not unfortunately subject to that peculiar disease, called the 
heart-rot, which, i believe, is not known to affect any other kind of tree. 
After growing vigorously for twenty or more years, the heart of the tree up 
to a considerable height becomes entirely rotten, without any apparent ex- 
ternal decay. The cause of this singular disease is as yet unknown. I am 
myself inclined to believe that it usually arises from too great dryness in tbe 
soil. In Switzerland the native habitat of the larch is in situations abound- 
ing in moisture, viz., tbe sides of slaty and granitic mountains ; and the 
plantations in which, in this kingdom, it seems to flourish best, are in similar 
situations in Scotland and Wales. In England it has principally been planted 
on dry sandy heaths — a situation which affords the greatest contrast to ita 
native habitat, and which the prevalence of the heart-rot shows to he uucon- 
genial to its nature. In point of beauty little can be said in favour of the 
larch ; it never forms a handsome mass of foliage ; and the spiky outline 
even of the oldest woods always has a poor, unpleasing effect. It must, 
however, be acknowledged that a single tree of larch ofteu has an elegant 
appearance. The Scotch fir is of so hardy a nature that it will flourish in 
almost any soil or situation. It is in very had repute as a timber tree when 
grown in England, which is a very singular fact, as it is well known that the 
same species of pine, when grown in the north of Europe and tbe highlands 
of Scotland produces that excellent timber koown at the red deal. Different 
causes are assigned for this extraordinary difference in the timber grown in 
England and grown abroad. Some persona suppose that tbe home and 
foreign grown fir are different varieties of tbe same species, one of which 
always produces bard and tbe other soft wood ; some suppose that the colder 
climate and slower growth of tbe Baltic timber is the cause of its superiority ; 
and any one who will take the trouble of cointiog tbe number of annual 
rings in Baltic timber must see that its growth is in general excessively 
slow ; others consider that age alone is wanting to render the timber good, 
and that if we were to allow English grown nr to attain the age of one or 
two centuries, as is the case with tbe Baltic grown, our timber would be 
eqoally valuable. That Eoglish fir timber does improve as ibe trees grow 
older, is a fact well known to timber merchants ; and I can instance the roof 
of tbe bouse in which I am now writing, which was framed of English fir, of 
very large scantling, about forty years ago, and which to all appearance is 
now as sound as the day it was put up. It must also be observed that tbe 
English fir is commonly cut down of small dimensions, and full of sap wood, 
while most of the sap wood is cut away from the Baltic balks before we get 
them. But there is still one point, which I have never seen noticed, which, 
perhaps, may go far to account for the difference of quality. I mean tbe 
season in which the timber is felled. It has never yet been ascertained that 
resinous trees ought to be felled in winter, as is the universal practice in 
England, and it is uot unlikely that tbe resinous juices with which firs abound 
in summer may tend to increase tbe durability of the timber felled in that 
season. I would strongly impress on those who have the opportunity, bow 
desirable it would be to institute experiments on this point. It is stated, on 
what appears to be good authority, that both in Norway and the rest of tbe 
north of Europe fir trees are always felled in summer. In Switzerland, as in 
England, the timber of the Scotch fir is reckoned of very little value. As an 
ornamental tree the Scotch fir is gone much out of fashion, yet when allowed 
to attain a sufficient age its rounded top and red-coloured bark and contorted 
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limbs produce ft grand and picturesque effect in the landscape which scarcely 
any kind of tree can surpass. The spruce fir delights in a light soil and a 
very moist situation. In such situations, when not crowded by other trees, 
so as to have plenty of light, it forms a beautiful mass of thick foliage, 
towering to a great height. It is quite useless to plant it in very dry, shal- 
low, or rocky soils. I have seen young spiuce firs flourishing in stiff clay, 
though I believe ultimately such soils do not suit it. It often deceives the 
planter by growing vigorously for 15 or 20 years, and afterwards becoming 
stunted, exhibiting nothing but a few ragged leaves on the ends of the 
branches, being then one of the most unsightly objects in nature. It is sin- 
gular that a native of Norway should seem in our climate not patient of 
wind or frost. It affords a soft wood, useful for many purposes, but always 
very full of knots, unless it has either been severely pruned, or grown in 
such close woods as to lose its side branchea by natural process of decay from 
want of light. The silver fir flourishes in stiff wet clays, and throws up its 
tall head quite perpendicularly, even in the most exposed situations, appa- 
rently uninjured by the utmost fury of the wind. It is a tree which the 
landscape painter never thinks of introducing in a picture ; yet it is not with- 
out a peculiar beauty of its own, and often produces a grand effect, either in 
the stiff formal avenue, or when seen towering above other trees. Its tim- 
ber is much like that of the spruce fir, but of rather better quality/* 


OBITUARY. 

MR. HARVEY LONSDALE ELMES. 

It is scarcely surprising that the death of Mr. Harvey Lonsdale Elmes 
should have produced such a strong feeling of regret, as has been manifested 
at Liverpool by so many of its leading men, for the death of a man of genius 
in the early prime of life is well calculated to awaken sympathy, and most 
in a town adorned by noble monuments of his taste, in his devotion to 
which he hastened the progress of disease and death. Our readers will 
think that such an artist deserves at our bands a more lengthened notice 
than he has yet received, for there is always a sentiment of personal interest, 
which attaches to the career of one so young in life, and so rich in endow, 
menu. Harvey Lonsdale Elmes was born in 1813, we believe in London, 
and was the soq of James Elmes, Esq., the surveyor of the Port of London, 
and himself distinguished as a large contributor to architectural literature. 
With him he was brought up, and the natural abilities be early showed were 
fostered by association with the many men of genius with whom his father 
was intimate, or in connexion. Young Mr. Elmes’s talents were decidedly 
of an artistic tendency, but chiefly directed towards architecture and music, | 
and he showed a peculiar delicacy of mind, stimulated perhaps by delicacy j 
of physical organization. His zeal was ardent, and his powers of application I 
great, while his love of fame gave him the stimulus for great exertion. With ! 
such qualifications Mr. Elmes began under bis father’s care his architectural 
studies, which he afterwards pursued under Mr. Eiger of Bedford, and Mr. 
H. E. Gondridge of Bath. He was likewise employed by Mr. John Eiger, a 
builder in London, until he acquired the charge of works of his own. — In 
1836 or 1837, when Mr. Elmes was in his twenty-fourth year, the Liverpool 
Committee advertised for designs for St. George’s Hall, which was then in- 
tended to be a separate building. The advertisement was put into Mr. 
Elmes’s hands by a friend, as being worthy of his notice, and be took it to 
the late Haydon, one of the earliest friends of his youth, to ask his advice 
whether be should compete, as Haydon knew many persons at Liverpool, i 
having received commissions for pictures from the Blind School and other j 
institutions. 11 By all means, my dear boy,” said Haydon ; “ they are noble j 
fellows at Liverpool. Send in a design, and mind, let it combine grandeur : 
with simplicity. None of your broken-up and frittered abortions, but some- j 
thing grand.” Following this exhortation Mr. Elmes set to work, and when ! 
he had made his first sketch, took it to a friend’s bouse, where a trifling 
incident gave him the augury of success, for a little boy looking at the draw- 
ing very gravely, threw it down, saying emphatically, “ Very good, very 
good, indeed ; it’s worth five hundred pounds.” When the design was sent 
in, it was successful against eighty-five competitors, and Mr. Elmes received 
the premium of five hundred pounds. Afterwards he carried off in other 
competitions the premiums for the Assize Courts at Liverpool, and for the 
Collegiate Institution there. He was likewise the winner in a competition 
for the Assize Courts and St. George's Hall combined. These several vic- 
tories gave Mr. Elmes the prestige of a reputation, which his own attain- 
ments were calculated to support. Entered upon a new career, he now de- 
voted himself zealously to carry out in detail the several designs on which 
he was engaged, and his professional business greatly increased. He ob- 
tained the prize for the County Lunatic Asylum, at West Derby, in Lan- 
cashire, and was employed in erecting mansions for Mr. George Hall Law- 
rence, late Mayor of Liverpool, for Mr. Hardman Earle, and Mr. Hugh 
Hornby. 

These labours, borne by a weak frame, at length brought their own end. 
In the early part of last summer Mr. Elmes showed such strong symptoms 
of consumption that change of climate became necessary. He wished to go 
to Italy to study the monuments of his art in that country, but his health 
was so much shaken that Dr. Chambers urged him to go immediately to the 
West Indies, and travel from island to island. Before he left be made 


rrang entente with Mr. Cockerell to superintend the architectural detail of 
St. George’s Hall, for which he had finished the whole of the plans. 

In 1841 Mr. Elmes had married the daughter of C. D. W. Terry, Esq., 
and accompanied by that lady he set out on that journey from which he was 
never to return, for he died at Spanish Town, Jamaica, on the 26th of No- 
vember last, aged 34, leaving one child. 

Thus he was cut off in the prime of his life, and when only beginning to 
enjoy the honours and rewards due to his exertions. When Prince Albert 
visited Liverpool, he was so delighted with St. George’s Hall that he sent a 
gold medal to Mr. Elmes, and the architect only awaited the completion of 
his work to receive plaudits on every hand. As it is, those honours must be 
paid to his tomb ; and indeed the Town Council of Liverpool on the announce- 
ment of his death, gave a public expression of their strong feelings of regret 
for what they felt to be a heavy loss. 


LIST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM DeOEMBBR 30, TO JANUARY 20, 1848. 
Six Month 9 allowed for Enrolment , unleu otherwise expressed. 


Thomas Hancock, of Stoke Newineton, Middlesex, and Reuben Phillips, of Isliugtoo, 
Middlesex, chemist, for " Improvements In the treating or manufacture of gutta percha, 
or any of the varieties of caoutchouc.*' — Sealed December 80. 

Felix Edwards Pratt, of Fenton Potteries, Stafford, earthenware manufacturer, for 
44 Improvements In manufacturing articles composed of earthenware or china.**— Dec. 
31. 

Mary Jenkins, of Atton, Warwick, widow, for " Improvements In the manufacture of 
pins, hooks, eyes, and other fastenings.*' — Dec. 31. 

Edward Humphrys, of Holland-street, 8urrey, engineer, for 41 certain Improvements 
in steam engines, audln engines or apparatus for raising, exhausting, and forcing liquids ** 

— January 4. 

William Froude, of Darlington, Devon, civil-engineer, for 44 Improvements In the _ 
valves used In closing the tubes of atmospheric railways." — January 5. ~ 

Read Holiday, ot Huddersfield, manufacturing chemist, for 44 Improvements in lamps.* 
—January S. 

Charles De Rergne, of Arthur street west, city, engineer, for 44 Improvements In car. 
riages used on railways.”— January 5. 

Alexander Robertson Arrott, manager of the Union-place Glass Works. St. Helens, 
Lancaster, for 44 Improvements in manufacturing common salt."— January 6. 

Charles Lambert, of Two- Mile Hill, St. George's, near Bristol, pen-maker, for "cer- 
tain Improvements In machinery for making nails. 1 *— January 5. 

Joslah George Jennings, of Great Charlotte-street, Blackfriars-road, for "Improve- 
menu in cocks or taps for drawing off liquids and gases.*'— January 5. 

George Bell, of the city of Dublin, merchant, for " certain Improvements In the ar- 
rangement of wheels and axlea for steam and other carriages, which facilitate travelling 
on railways and common roads, parts of which improvemenU are applicable to other ma- 
chinery .’’—January 7. 

James Montgomery, of Salisbury-street, Middlesex, for "certain Improvements In 
pianofortes and other similar finger. keyed instrumenU." (Being a communication ) — 
January 11. 

Alfred Augustus de Reginald Hely, of No. 11, Cannon-row, Westminster, and Joseph 
Emmett Norton, of Saint Mary- le- Strand-place, Kent-road, Suit, y, wine-merchant, for 
44 certain ImprovemenU In bottles or vessels for conUinlng liquids, and in the mode of 
and machinery or apparatus for tt ling and stopping the same." - January 11. 

Gardner Stow, late of King- street, Cheapside, but now of New York, gentleman, for 
« 4 ImprovemenU in apparatus for propelling ships and other vessels." — January 11. 

William Thorold, of Norwich, engineer, for * 4 ImprovemenU In turn- tablet."— January 
13. 

Robert Wiliam, M.A , Greenock, for 44 Improvements in certain kinds of rotatory en- 
gines worked by steam or other elastic fluids, part of which improvemenU are applicable 
to roUtory engines worked by water, or by the wind) also, an Improvement In safety- 
valves for steam boilers." — January 13. 

Sydney Edwards Morae, of Ampton- place, Gray’s- inn- road, for 44 Improvements In the 
manufacture of plates or surfaces for printing or embossing."— January 13. 

Benjamin Mitchell, of Huntingdonshire, farmer, for 44 ImprovemenU In the manufac- 
ture of manure."— January 13. 

Robert Heath, of Heathfield, Manchester, gentleman, for 44 certain ImprovemenU in 
the method of applying and working friction brasses to engines and carriages used upon 
railways.*’— January 13. 

Job Cutler, of Spark Brook, Birmingham, civil engineer, for "certain ImprovemenU 
In welded iron pipes or tabes to be used as the flues of steam boilers." — January 13. 

John Gilmore, Lieutenant In the Royal Navy, for " certain ImprovemenU In ventilat- 
ing ships and other vessels." — January 17. 

Charles Crane, of Stratford, Essex, manufacturing chemist, and James Thomas Jullioo, 
of the same place, anaWtical chemist, for " ImprovemenU in the manufacture o certain 
acids and *alu, and a new apparatus applicable to the said improvements." — January 18. 
Four months. 

Samuel Cnnliffe Lister, of Mannlngham Hall, io the pariah of Bradford, esq., for 44 Im- 
provemenU in stopping railway trains and other carriages, aud generally where a lifting 
power or pressure is required.”— January 18. 

John Hickman, of Birmingham, for " Improvements in the means of constructing aud 
connecting parts of bedstead t. couches, and other articles of furnltur- to which such im- 
provements may be applicable, and also in the means of attaching knobs or handle* to 
drawers, doors, and other parts of furniture."— January 13. 

William Newton, of 68. Chancery- lane, Middlesex, civil engineer, for 44 ImprovemenU 
in the manufacture of sugar from the cane." (Being a communication.)— January 18. 

John Frederic Bateman, of Manchester, for 44 certain Improvements in valves or plugs 
for the passage of water or other fluids."— January 18. 

Thomas Robert Sewell, of Carrington, in the parish of Baaford, Nottingham, chemist, 
for •' Improvements in preparing flmr."— January 18. 

Joseph Clinton Robertson, of 166, Fleet-street, London, civil engineer, for " certain 
ImprovemenU in the manufacture of textile fabrics, stuffs, and tisauea, and of certain new 
producU obtained by the aid of such ImprovemenU." (A communication.)— January 13. 

John Duncan, of Brentwood, Essex, gentleman, for 44 certain Improvements In tanning 
of hides."— January 20. 
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CANDIDUS'S NOTE-BOOK 
FASCICULUS LXXIX. 


“ I most hare liberty 
Withal, as large a charter a* the winds. 

To blow on whom I please.” 

I. There is reason for concluding that the peripteral temples of 
the Greeks were so planned rather for the sake of architectural 
dignity and effect, than, as is generally supposed, for that of 
any particular convenience or advantage. The cella itself being 
narrow, colonnades along its sides served to give greater importance 
to the edifice by enlarging its entire bulk, its ends or fronts being 
increased from tetrastyle to hexastyle, or from hexastyle to 
octastyle, if the lateral colonnades consisted of only a single range 
of pillars; or if the columniation was of the kind called dipteral, 
increasing the width of the fronts by four more columns beneath 
their pediments : thus, a cella, with a tetrastyle in front of it, would 
acquire an octastyle portico, by having dipteral colonnades erected 
along its sides. This last-mentioned mode (the dipteral} certainly 
does provide a greater sheltered-in space on tne sides of the 
edifice; still, hardly sufficient for any real use of it as an ambula- 
tory — at least, not for a number of persons. Such purpose was far 
better accomplished by the pseudo-dipteral plan, in which the 
middle row of columns, or those between the external ones and the 
walls of the cella, were omitted, whereby a clear space was ob- 
tained equal to the width of two intercolumns ana one column. 
Yet, if much was thereby gained in point of convenience, not a 
little was lost in regard to effect and richness of character ; and 
the body of the temple showed as a comparatively diminutive 
structure, standing within an open though covered colonnaded 
inclosure. As to the single peripteral, its colonnades must have 
been more for show than for real service, since they were very ill- 
calculated for accommodating a multitude of persons. Even in 
the Parthenon, the clear space between the external columns and 
the walls of the cella was not more than six feet wide; consequently 
a mere passage, rather than either an ambulatory or a shelter for a 
large concourse of people. 

II. With regard to the Parthenon, a most extraordinary error 
occurs in the English edition of Gailhabaud's “Ancient and Mo- 
dern Architecture” (second series), it being there stated that “ its 
length, measured on the top of the steps, is 114 feet, its width 
51 feet ;” according to which, the area of the building is not above 
one-fourth of what all other accounts make it, for they make it 
both twice as long and twice as wide ! To puzzle us the more, there 
is a foot-note calling particular attention to those measurements, 
from which it woilla seem that pains had been taken to insure 
more than usual accuracy, they being there said to be upon the au- 
thority of a “ recent” — and therefore, it is to be presumed, a more 
correct — measurement by Mr. Travers. Yet, no notice is taken of 
the enormous discrepancy between them and the usually-reported 
dimensions, or of tne equal discrepancy from the plan and its 
scale given in the work itself. Tne scale being in metres — to 
which one in English feet should have been added to the plates in 
the English edition — the contradiction between the text and en- 
graving is not so immediately obvious as it would else be ; but, on 
applying compasses and calculation, we find the length to be 
69 metres and the breadth 51, which converted into English mea- 
sure, give 226 and 101 feet respectively, or double what is stated 
in the text ! Had either the English writer or editor compared 
the description and plan together, their total want of agreement 
must have been discovered, which done, Mr. Travers’s measurements 
would perhaps have, been discarded as quite untenable. Some as 
strange or even stranger mistake perplexes us a little further on, 
where we are told that the external columns are three feet in dia- 
meter (or only half what they are usually stated, viz., six feet and a 
fraction), yet thirty-four feet four indies high, which would make their 
height between eleven and twelve diameters ! and how such ex- 
traordinary proportions could have escaped notice when the proof 
was read over is incomprehensible. Neither does error terminate 
there, since, besides the palpable contradiction in regard to the 
diameter and height assigned to the columns, the latter measure- 
ment and that of the entablature (10*10') renders the entire height 
of the order 45 feet : which, though in itself it may be correct, is 
altogether irreconcileable with the width of the front being only 
51 feet, or little more than a square in height,-— the proportions 
not of an octastyle but a tetrastyle, and such as it is impossible to 

f ive to the former. Here, then, we have a pretty complication of 
lunders, and those of the most serious kind, in a publication 
which ought to be scrupulously accurate in regard to the measure- 
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ments which it gives of buildings. There is what looks like suf- 
ficient pledge for editorial responsibility and carefulness, the title- 
page assuring us that “the translations are revised by F. 
Arundale ana T. L. Donaldson, Prof. Arch., Univ. Coll., London;" 
therefore, to those gentlemen may be left the task of accounting 
for or explaining away the egregious mistakes here pointed out, and 
which compromise the credit and character of the work to such 
degree as to demand correction — if in no other way, by cancelling 
the pages where they occur. Not the least awkward part of the 
matter is, a detection of the kind naturally excites mistrust as to 
other articles, where mistakes either of a similar or different kind 
may have escaped the English revisors. In that very article on the 
Parthenon, one paragraph that ought to have been omitted, was 
unluckily suffered to remain — namely, that which says: “We 
give with this notice a splendid specimen of polychromatic archi- 
tecture of the Parthenon, being a perspective view of the entabla- 
ture and capitals, restored with the utmost care by Mr. Travers, 
from traces which he discovered in the monument itself." There 
is, however, no such plate in the work — at least, not in the English 
edition, although it would have been particularly acceptable, and 
far more valuable than all those of such unarchitectural subjects 
as Cromlechs and Celtic monuments, put together. Of them, two or 
three specimens at the utmost would have sufficed : still better 
would it have been had they been excluded altogether from a work 
which, were it to be extended to a hundred volumes, could not pos- 
sibly illustrate all that is worthy of notice in “ Ancient and 
Modern Architecture.” 

III. It is not only with regard to the notion of Blore* s tirade to 
the Palace being a copy of that of Caserta, that Mr. Sharp and 
myself differ materially, my opinion of Elmes's “ History of Archi- 
tecture in Great Britain” being so very dissimilar from his, that I 
think the Editor has very great reason to complain of such a care- 
lessly-executed and inaccurate performance being passed -off upon 
him under the responsibility of Mr. Elmes’s name. While there is a 
great deal of mere garrulous filling-up anecdote, quite out of place in 
an historic outline, and out of all proportion to the brevity and 
rapidity of the record itself, there are not a few omissions, and 
some of them truly unaccountable ones. Both Kent ana his 
patron, the Earl of Burlington, may be said to be passed over in 
silence, since they obtain no further notice than the complimentary 
mention of their names as “ two accomplished architects of the 
Anglo-Palladian school," without a syllable about any of their 
works — either the “Holkham” of the one, or the “Chiswick” of 
the other. The name of 4 ' Holkham,” indeed — and it is the name 
only— occurs elsewhere, but wrongly, for the credit of that palatial 
mansion is taken from Kent, and assigned to Brettingham, who 
merely published the designs of it, with his own name on the title- 
page. It would seem, tnen, that “ accomplished” architects as 
they were, Kent and Burlington are not entitled to figure at all 
in a history which brings forward such a mere nobody as John 
Yenn. Neither is any mention made of Carr, of York, although 
he was of considerable repute in his day, and erected many im- 
portant mansions and other structures in the northern counties. 
Harrison, of Chester, too, is similarly passed over without being 
so much as named ; and to him may, among others, be added 
Porden. Besides omissions of that kind, there is, with just here 
and there an exception, the general and pervading omission of all 
attempt at satisfactory critical estimate of the architects and 
buildings that are recorded. So little real substance is there in it, 
that Mr. Elmes’s “ History” amounts to very little more than a 
dry catalogue of names. What is worse, it is not trust-worthy : 
on the contrary, is so full of obvious mistakes as to excite general 
mistrust, for nothing is to be depended upon it which the reader 
cannot verify for himself. The Royal Exchange at Dublin, which 
“everybody* knows to be by Cooley, whose talent and taste are very 
happily displayed in it, is erroneously attributed to Chambers. 
Gandon is misnamed, for he is called William instead of JameSp — 
a mistake, perhaps, of no very great moment, but which, coming 
along with so many others, evinces the writer s habitual careless- 
ness. It would, too, have been as well to have stated, that a 
“ Life” of Gandon — such as it is, was published about a twelvemonth 
ago. Connected with Gandon, there is another mistake, for 
after he had been spoken of as having edited the two last volumes 
of the “ Vitruvius Britannicus” (viz., the 4th and 5th), we are told 
that “ Colin Campbell published his useful work, the 4 Vitruvius 
Britannicus,’ in jour consecutive volumes, between the years 1715 
and 1771” — therefore, the last of them about forty years after his 
death — “to which, Woolf and Gandon respectively added supple- 
mentary volumes of equal skill and correctness.” This is so 
ambiguously worded, that it seems to say, each of the two latter 
editors separately added more than a volume to the original work, 
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instead of bringing out conjointly two other volumes to accompany 
the three that had been published by Campbell. When he was 
mentioning that collection of designs, Mr. Elmes might as well 
have observed, that it is by no means so complete as it ought to 
have been; for while it is made to contain several very dull and un- 
interesting subjects, others are omitted which are either of con- 
siderable celebrity or merit, — such as Lord Burlington's Casino, 
at Chiswick (since altered by Wyatt), and St. George's, Blooms- 
bury. 

IV. In speaking of Wyatt's Pantheon— of which greatly, if not 
extravagantly, admired structure, it is equally matter of surprise 
and regret that no engravings were given, either in Gandon's last 
volume of the ‘‘Vitruvius,** or in the subsequent work by Richardson, 
— Mr. Elmes sadly neglects his proper duty as an architectural his- 
torian, to gossip very provokingly about Lunardi's balloon, instead of 
entering into any description of the edifice itself, which he merely 
calls a “ fine work,** without particularizing any of its beauties 
and merits. The only part of it on which he maxes any remarks, 
is that which least of all required notice— namely, the front ; it 
still remaining pretty nearly what it was at first. He speaks, 
however, of the portico as having been of the Ionic order ; and if 
so, the Doric one, which existed before the building was converted 
into a bazaar, cannot have been that which Mr. Elmes alludes to, 
although he does not say as much. In what is said of that front, 
the term “ wings" is not very correctly applied, the whole of it 
forming only a single general mass, without such subdivision into 
distinct collateral masses as properly answer to the denomination 
of “ wings," which Mr. Elmes elsewhere applies equally vaguely, 
as when noticing the “ Trinity House," and the “ Society of Arts” in 
the Adelphi. Another instance of his indefiniteness in what 
ought to be explicit technical phraseology, is his very untechnical 
mode of describing a recessed portico or loggia, calling it some- 
times an “ inverse* portico, sometimes a “ retrocessed" one, or by 
some other more fantastical than intelligible epithet. 

V. The admiration professed for what is Soane's happiest piece of 
composition has not extended itself beyond words. We may say 
of it laudatur et alget , since no one has testified his estimation of 
it by borrowing an idea from it, notwithstanding that similar 
striking effect and picturesque expression might be obtained 
without falling into direct imitation. Nay, Mr. Elmes would 
make out Soane himself to have been there only an imitator, — at 
least, to have “ had in his mind the semicircular porticos of the 
transepts of St. Paul's," as if, without them, the idea would not 
have emanated, as no doubt it immediately did^ from his 
studies of the Temple at Tivoli, whose order — an equally beautiful 
and peculiar example of the Corinthian, that had previously been 
ignored by all modem architects and all the systematisers of 
tne Five Orders, — was adopted by him at the Bank as a decided 
novelty, with unimpeachable classical authority for it. Still, 
though he adopted it, even Soane himself does not appear to have 
comprehended its character, for it is only at that angle of the 
Bank that he has exhibited it entire, having in the other parts of 
the building employed the columns only, without the entablature 
which belongs to them ? not only in conformity with the original 
example, but in conformity with the laws of aesthetic design. By 
suppressing — as if such change was of no moment at all — the rich 
embossed frieze, which is absolutely necessary for keeping up 
harmony and perfect agreement in the ensemble of the order, he 
converted the entablature altogether into one which contrasts 
rather than at all agrees with the columns themselves. Their 
fluted shafts become too rich, and their capitals look too heavy, 
in comparison with the emasculated entablature. The energy of 
expression, as well as the degree of decoration assumed for the 
columns, stops short with them, instead of being carried on con- 
sistently. and extended to the horizontal division of the order, 
where, if anything, increase rather than diminution of decoration 
is requisite, since otherwise, a most disagreeable falling-off takes 
place : amphora ccepit institui , — urceus exit. If decoration is to be 
moderated at all, it should at least be done consistently, and so as 
not to throw one part out of keeping with another ; the doing 
which — and it is by no means uncommon — betrays either down- 
right ignorance, or wilful and most unpardonable disregard of both 
precedent and principle. What is not least of all extraordinary 
is, that those who are gifted with such very microscopic vision astobe 
struck by the profile of a mere moulding in a cornice, or some 
equally minute detail, take no notice of such wholesale omissions as 
the suppression of sculpture on a frieze amounts to. In some por- 
tions of the Bank the frieze is not, indeed, left entirely blank, it 
being ornamented with a Vitruvian fret ; which, however, has a 
tame and insipid look in comparison with the boldness of the 
capitals. If deviation from the original there was to be at all, it 


would not have been amiss, perhaps, to increase the cornice, and 
also give it something of richness ; thereby rendering the entabla- 
ture equivalent in force of expression to that of the columns. 

VI. With regard to that particular feature in the architecture 
of the Bank which has given rise to the preceding remarks, it 
has obtained more of professed admiration for its striking effect 
than of inquiry into the cause of that effect. For such inquiry, 
perhaps, there is no great need ; because no one who has any eye 
at all for the picturesque in architecture, can be at a loss to deter- 
mine in what the peculiar piquancy of that composition consists. 
Still, it is necessary that its merits, in that respect, should be dis- 
tinctly pointed out, if only in order to force such earnest attention 
to them as might lead to similar happy results in composition. 
Precisely the same columns are used in other parts of the build- 
ings, yet nowhere with anything at all approaching the same 
effect ; and why ? because here the composition is such as to be 
unusually productive of those “ accidents " which give life and 
spirit to architecture— namely, vigorous chiaroscuro, play of per- 
spective, and richness of combination. There is not merely 
light and shade in a greater than ordinary degree, but variety of 
it — deepening shadows and brilliantly-touched lights when the sun 
begins to strike upon that angle of the building. Of perspective ap- 
pearance, also, there is great variety, owing to the apparent changes 
of position between the external columns and the inner ones, and 
also to the contrasted disposition of them, the former being upon a 
curved line, the latter on a straight one. There is also another 

oint of contrast between them which is equally judicious and 

appy, the outer columns being fluted and the others plain. This, 
while it adds to the variety of the composition, prevents confusion ; 
and such is the value of the two inner columns, that without 
them the whole would be many degrees less admirable. They are, 
besides, both motived by and serve to warrant the mode in which 
the attic is carried across the loggia in a straight line. The only 
exceptionable thing is the door, or rather the appearance of door, 
when there can be no entrance from without, ana where therefore 
a window or window-door — even had that also been only in ap- 
pearance — would have been less of an impropriety. But a statue 
of some sort, sufficiently important in size, would not only have 
been an interesting object of itself, but have done away with all 
necessity for appearance of access into the loggia, since the latter 
would in such case have had an ostensible purpose as a piece of 
decoration. 

VII. We get architectural criticism — as far as we do get any of 
it at all — merely by a mouthful of it at a time. What professes 
to be such is seldom more than a single condensed opinion expressed 
in the lump, wrapped up perhaps in a mass of cumbersome verbiage, 
or else enunciated in a tone of oracular decisiveness, intended to 
awe into silence and stifle inquiry and discussion. Even Horace 
Walpole's critical verdicts, albeit they were sometimes turned 
epigrammatically enough, were both flimsy and unjust, shallow and 
superficial. What he says of the campanile of St. George's, 
Bloomsbury, amounts to a mere sneer, and convicts him withal 
of being quite obtuse to picturesque effect in composition, and 
other architectural merits. As to Gothic architecture, Horace 
disqualified himself for setting up as a judge of that by his own 

recious Strawberry Hill, which would have absolutely horrified 

im had he possessed the slightest feeling whatever for that style. 
Yet, even vile as it is, Strawberry Hill has been deliberately 
praised by another discerning critic and writer on architecture, 
who says that the connoisseur would there find “ all that is fas- 
cinating in the Gothick style." All that is fascinating with a ven- 
geance! Were it possible to conceive that Dallaway was there 
merely joking, we could account for such praise as being con- 
demnatory irony ; but he seems to have been quite serious, and 
must accordingly have been exceedingly stupid also. In what its 
fascinations consist he does not say, although if any such merits 
there wefe, it behoved a critic to point them out, and to do so in 
such manner as so fix attention upon them. The comfort is, we 
lose very little by Dallaway's confining himself to only very 
hurried and superficial remarks on modern English buildings ana 
architects, since what he does say, indicates out very mediocre 
critical talent and taste. What sort of an architectural critic 
Allan Cunningham was, — how well qualified to undertake the 
“ Lives of British Architects," — may be judged from the censure he 
passes upon the large open arches and loggias above them in the 
river fa9ade of Somerset Place, — the most striking features, or 
rather the only Striking ones, in that composition. In a fit of 
hypercriticism, Allan affects to be shocked at those very picturesque 
parts of the structure, as being quite contrary to all architectural 
principle and propriety, he asserting that the columns over the 
void of the arch produce “ an appearance of insecurity that is al- 
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together intolerable which is as much as to say, that instead of 
suggesting the idea of strength and perfect security, the arch 
looks unequal to the due support of the columns. Nevertheless, 
it is certain that those arches are capable of safely bearing the 
weight of the columns, and can also safely bear the weight of 
what is much heavier still — namely, Allan's own leaden criticism. 

VIII. Very great pity is it that St. Martin's Church stands just 
where it does, because it was in consequence allowed to interfere 
very injuriously both with the National Gallery and Trafalgar 
Square. Owing to its being obstinately insisted upon as a sine qua 
non, that the portico of the church should be exposed to view from 
Pall-Mall-East, the front of the Gallery was obliged to be set fur- 
ther back than it otherwise needed to be, ana the site of the 
building — at best a very cramped-up one in its rear— consider- 
ably reduced in depth ; in some parts, to little more than half. 
Hence, the interior of the structure does not at all realise 
the promise made by its extent of facade. Admitted it must be, 
that the architect did not economise what space he had so well as 
he might have done; still, that does not excuse those whose 
capricious whims thrust difficulties upon him where, without such 
addition of them, there were many to contend with. — On the other 
hand, as regards the w Square," its symmetry and rectangularity 
have been sacrificed for the sake of keeping its east side in a line 
with the portico of St. Martin's, which would still have shown 
itself, even had it not been made to come actually into that corner 
of it. After all, does the church display itself to such advantage, 
as to reconcile us to the inconveniences and deformities which it 
has been allowed to give rise to? The reply will be: w Hardly.” 
Thrown open to view from such a distance as it now is, that por- 
tico is not so impressively striking as it formerly was. As it stood 
originally, the situation seemed altogether unworthy of it, owing 
to its being much too confined, and to the meanness of the houses 
huddled- up round the church — a species of contrast more pictu- 
resque than becoming or agreeable. Nevertheless, as it was then 
seen, the portico showed imposingly ; and all the more so, because 
the view was confined nearly to that — the steeple not being seen 
unless it was directly lookea up to ; whereas now, as seen from a 
distance, the entire structure, that is, both portico and steeple — 
the latter of them anything but a graceful and well-composed 
object of its kind — are seen together ; owing to which, the portico 
loses considerably, and the classical character that would else stamp 
it, when beheld at such a distance that only its exterior or columns 
are visible, is greatly interfered with, if not altogether forfeited, 
by the uncouth appendage which rises up immediately bphind it. 
By no means is the view of the portico from Pall-Mall-East a pre- 
possessing one. — Trafalgar Square itself falls very far short of 
what was only reasonable expectation for it. Strange perversity 
of judgment, bungling, and disregard of architectural disposition 
have been allowed to manifest themselves in it. Although the 
area itself seems to have been expressly planned for the reception 
of the Nelson monument, the column is, after all, not placed 
within it, but is pushed just out of it. The only assignable reason 
for such downright preposterousness is, that haa it been erected in 
the centre of the area prepared for it, so lofty an object put just 
there would have had an unfavourable effect upon the front of the 
Gallery. Very true ; but then that consideration ought to have 
been a raison de plus , and an all-sufficient reason in itself, for not 
adopting a column, more especialy as there was another thing of 
the same kind just by. There were many other designs which, 
besides being sufficiently well adapted- to the situation, were far 
more original and artistic. It was, therefore, to be presumed that 
the second competition was for the purpose of enabling the com- 
mittee to retrieve the error of their first choice ; when lo ! to the 
amazement of eveiy one, the result was just the same as before,— 
which was only making matters worse than before. Far better- 
far more honest and honourable would it have been to have abided 
by their decision, than to make such show of intending to retract 
it. The least they could in decency have done, would have been to 
justify by some show of reason for it, a choice so strangly persisted 
in ; and so strangely acquiesced in by those who had been trifled 
with. The best that can be said of the humdrum Nelson monu- 
ment is that it serves to render the fa?ade of the National Gallery 
perfectly satisfactory in comparison with it. 


RAILWAY SECTIONS IN SIDELONG GROUND. 

On Tables for Setting out the Width of Cuttings and Embankments 
on Sidelong Ground; and also Formula for Computing the Area of 
Vertical Section . 

By R. G. Clark, C.E. 

The object of this paper is to investigate some simple formulae, 
and from thence to construct some tables, to enable the assistant 
engineer or contractor to set out the widths of cuttings and em- 
bankments on sidelong ground; and also to calculate the solid 
content of any portion of the ground. The subject may be re- 
solved in the following proposition:— 

Given the Z of inclination of ground, the depth (from field- 
book, &c.) of ground to the centre of balance or formation level, 
and the ratio or the slopes ; to determine where they will meet the 
ground at surface. 

Let HAFBD (flg. 1) be a vertical section of the ground; 
A B the formation line, represented by 26 ; the given angle of in- 
clination of ground li D with the horizon by 6 ; the given depth 
O F from the stake O perpendicular to centre of formation level 
denoted by a. 



1. We willproceed first to determine a formula for O D. Let it 
be^j draw DK perpendicular to A B produced; O/ parallel to 
A B K. Let D B be the given slope m base to l perpendicular ; 
draw the vertical B C. r 

Let D/= y; then Oo = FB = 6; ef= my; also by similar 
triangles, C « = m a. . Of— b + ma + my, 7 

Now, by triangle O/D, right-angled at /, we have 
1 • & • • sin 6 i y, , • • y = x . sin 6, 

Again, 1 : x \ \ cos 9 \ h + m a + m y, 

. , * * • x • cos 0 = 6 -f- in a -f- my. 

Eliminating y, then w (cos* - msinfl) = 6 + ma; 


therefore, * = — t+ ma 

cos * , - m sin 0 


(i) 


From the factor, 0 f the a bove f ormu j aj ^e Table 

No. I. is computed from 5° to 20°. 

S, To find an expression for OH measured from O on the 
descent. 

Draw HM (fig, 8) perpendicular to A B produced, Let HA he 



Fig. s. 

the given slope, ratio as before. Let HM = ^{ then will AM = 
m y\ Therefore, HG = NF = 6 + fity'; also O y = a — y\ 

By the triangle H a O we have 1 : of : : sin * : a - y ' ; 
therefore, a - y = of , sin * ; and yf = a — of . sin 0, 

Again, 1 of \ \ cos 0 ; 6 4* my*. 

Eliminating y, we have of (cos 0 + m sin 0) = 6 + m a ; 

therefore, of = — (2) 

cos 0 4* fn sin 0 

From this expression, Table No. II. is calculated by the factor 
1 

oos0 + m sin 0* 

10 * 
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8. We shall now investigate an expression for the area of the 
vertical section ; the inclination of ground, depth, breadth of for- 
mation level, and lengths x, x*, and also the ratio of slope, being 
all given. 



Through centre O (fig. 3), draw P e parallel to A B ; then P O 
= b + m a. . • . area of trapezoid PABe=(2 6-f* ma ) a i 
area of triangle POH = Asinfl.x' (6 + ma) ; 
and area of triangle DOe = £sin 0 x (Jb + ma). 
Consequently, the whole area of trapezium or vertical section = 
area P A B e + area triangle DOe — area triangle P O H= 

(26 + ma) a -f* £(& + ma) (x — x') sinfl (3) 

The first column of the table gives the angle of inclination of 
the ground, and the adjoining column the nat sines to three places 
of decimals, to facilitate working out the area, as in equation (3). 
We shall now commence with the following Rules. 

I. To find the two lengths O D and O H : — Rule. Add the half- 
breadth of formation level to the product of the slope and given 
depth ; then multiply this sum by the corresponding tabular num- 
ber, then will each product be equal to each length required. 

II. To find the area of section H ABD: — Rule. 1st. Add the 
formation level to the product of the ratio and depth, and multiply 
this sum by the depth. 2ndly. Add half the formation level to the 
product oi ratio and depth ; multiply this sum by the difference of 
the two lengths, and again by nat sine of angle. Add these two 
products, and their sum will be the area. 

Example 1. — Given the angle of inclination of ground 18°; slope, 

1 to 1 ; depth, 46 feet; and breadth of formation level, 30 feet. To 
find distances of centre stake, area of section, and cubic content, 
when 100 feet in length. 

Here 6 + am— 16 + 46 = 60 ; m = 1 ; 0 — 18° ; its nat sin = *309 
. * . 1-557 X 60 = 93*429 = O D. *799 X 60 = 47*940 = OH. 
By formula (3) we have (30 •+* *6) 45 + ^ (15 + 45) ( 45*48 V309 
= 75 X 45 + 30 X 45-48 X *309 = 4099-5 area required. 
Cubic content =. 409950*0. 

Example 2. — Given angle of inclination of ground, 20° ; slope, 
lA to 1 ; depth, 50 feet ; and breadth of formation level, 30 feet. 
To determine distances and also area. 

Here a = 50 ; 6 = 15 ; m = l£ = $ ; 0 = 20°; its nat sin — -342 
.-. 6 -f am= 15 + 75 = 90. 

Now, 2-344 X 00 = 210*96 = O D. -781 X 90 = 70*29 = OH. 
By formula (3) for area we have 

(30 + 75) a + £ (15 + 75) (140*67) -342 = *7174 area required. 
Example 3 — Given the inclination of ground, 18° ; slope to be 

2 to 1 ; depth from field-book, 20 feet ; breadth of formation level, 
30 feet. To find area and distances. 

Here 6 = 15; a = 20; $ = 18; m =2. . * . 6 + am = 56. 

55 . X 3-000 = 165- = OD. 55 . X *641 = 35*25 = O H. 

By formula (3) we have 

(30 + 40) 20 + i (16 + 40) (129*74) *309 = 2505 area required. 

Remark, — If the ground should ascend and descend, as in the 
adjoining diagram (fig. 4), then Table No. II. is to be used to find 
the distances. Table No. I will in like manner be required for 
ground descending from centre, as in fig. 5. 



The Tables will likewise do for embankments — No. I. for the 
ascent from centre stake, and No. II. for the descent. 

We shall now discuss the equations (1) knd (2). Put them 


respectively under the following forms. T, T, being tabular num- 
bere, A = 6 + m a, 

X = T . A ; and X' = T'.A. 

X X' 

Divide by T, T', respectively ; then ^ = jp, A being eliminated. 

Therefore the two distances, x and x', are to each other as their 
respective tabular numbers; consequently, the distances can be 
proved by a second operation. The Tables might have been car- 
ried up to 45°, but then they would require a greater number of 
places of decimals to insure greater accuracy. 



Fig. 6. 

In taking the angle of inclination, the clinometer or common 
theodolite might be used ; but if the spirit-level should be used, 
then we have only to measure from O downwards any distance, O r: 
(fig. 6 )> an( l th en take the height with instrument ; and then will 

the sine of angle of inclination Ods = rOd = hei ght 

distance* 


Augle. 

Nat. Sin. 

TABLE No. I.— For 0 D. 1 

1 to 1 1$ to 1 8 to 1 i 

: TABLE No. II.— For 0 H. 

| 2 to 1 l£ to 1 1 to I 

0000060000000000 

•087 

•105 

*122 

•139 

•156 

•174 

•191 

•208 

•225 

•242 

•259 

•276 

•292 

*309 

•326 

•342 

1*100 

1*124 

1-148 

1*176 

1*203 

1*233 

1*265 

1-279 

1*330 

1-372 

1*414 

1*459 

1-506 

1*557 

1-613 

1*673 

1*156 

1*193 

1-230 

1-280 

1-328 

1*380 

1*437 

1-500 

1*566 

1- 655 
1*731 
1*825 
1*930 
2*050 
2*186 

2- 344 

1*217 

1~273 

1*323 

1-404 

1*496 

1*570 

1*666 

1- 778 
1*902 

2- 055 
2*230 
2*463 
3*600 

3- 000 
3*040 
3*913 

•854 
•832 
*802 
•780 
•761 
•752 
*736 
•700 
•705 
-696 
•676 
•663 
•645 
| *641 
•630 
*611 

QDQDabaoaDQOt'»t-t-t-t«t'.h»t«'o<o 

•926 

•910 

-895 

•885 

•873 

•856 

•850 

•844 

•841 

•826 

•818 

•800 

•801 

*799 

•787 

•781 


Erratum,— The diagrams, figs. 2 and 6, in the above article, are 
transposed, for which oversight the printers are accountably ; but 
beyond such transposition the error does not extend. 


REVIEWS. 

The Port and Docks of Birkenhead ; with Maps , Plans , Sections, 
and Tidal Diagrams , and an account of the Acts of Parliament re- 
lating to the Mersey and Dock Estate of Liverpool, By Thomas 
Webster, M.A.. F.R.S. London : Chapman and Hall, 1848. 

Birkenhead has been a wonder, and has had its nine days, and very 
many are quite ready to believe that we have had enough of it. 
The announcement of such a town springing up in England was 
calculated to create as much astonisnment as that of Aladdin's 
palace fresh coined by his wonderful lamp. It is not so easy to 
create great wonders in an old and settled country like this : cities 
of whitewash and timber-framing, metropolitan centres of slab- 
houses and log-huts, we leave to the far west of the States, or the 
sandy regions of Australia ; and we should be no more surprised 
by the flourishing account of a Babylonian capital newly hatched 
in California, than by the sight of the three last joints of the sea- 
serpent’s tail, or the repudiation of a fresh batch of Pennsylvanian 
bonds. Towns grow in the virgin soils of the new world ; they 
are a natural production — or at any rate they can be planted as 
easily as cotton, or what the Americans dignify with the name of 
corn. We can reconcile ourselves to such creations as Fleetwood, 
or Kingston-upoQ-Rail way, W olverton, or Swindon, — the resuscita- 
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tion of Folkestone is a piece of the legitimate drama ; but the 
public were truly struck with wonder to hear of the production 
on the shores of the Mersey of a great town, of the most solid 
construction and of the most magnificent proportions, provided 
with all the requisites of a perfect sanitary condition, with its 
labourers* houses, its park, scnools, and market, — and this not a 
mere city of stone ana Roman cement, but provided with such vast 
apparatus for commerce, that the envy of the London merchants 
was excited, and Liverpool gave signs how much she feared so 
great a rival near her throne. This, certainly, was a new pheno- 
menon in England, for though we can add to London in one year 
a population equal to New York, or enlarge Liverpool with an ad- 
dition as big as Albany, yet we do not throw our strength into 
new civic creations. 

Since Birkenhead burst so suddenly on the public gaze the 
novelty has passed away, — and still more, from fortuitous circum- 
stances, its glories have been dimmed, and its growth has been 
cramped ; so that the interest it has excited has much worn off, 
and we shall be suspected of parading before our readers a stale 
subject, when we mention Birkenhead ; but as we are not going to 
describe Morpeth Buildings, nor to investigate the statistics of the 
trade of the Mersey, nor to recommend the Liverpool merchants 
to give up and settle at Birkenhead, we may, perhaps, meet with 
a little attention, for Mr. Webster s book on Birkenhead gives us 
the opportunity of examining the plan as concerns its hydraulic 
features. Though Birkenhead may be a great town, and the 
docks a great speculation, yet there are scientific considerations 
involved in the harbour plan, which must render it a matter of 
permanent interest to professional men. If Birkenhead itself 
bears experiment, the walling of Wallasey is one of not less im- 
portance. 

To make a dock is, in the hands of some engineers, a very 
simple operation ; they scoop out a certain space on the shore, they 
run out piers into tne water-way, or take in so much of the 
strand, and they are satisfied — though, for anything they know or 
care, the mouth of their docks gets choked up with sand, or the 
water at the entrance of the harbour is lessened, and a dock made 
for ships drawing eighteen feet will not take in those of fifteen. 
They have a great idea of dredging and sluicing power; and 
besides making a dock or harbour which fails in many of its es- 
sentials, they burthen it with a permanent establishment for 
getting rid of the silt which they have let in, and the sand-banks 
they have created, for it is surprising what very stupid and very 
careless people can do without knowing it. Mr. Rendel, when he 
was called in to make a plan for Wallasey Pool, thought it his 
duty to survey the whole water-way of the Mersey, and to make 
himself acquainted with the action of the currents and tides, so 
that, in laying down a deep-water dock at Birkenhead, he might not 
be shutting the outer gate to seaward — the Victoria Channel. 
Nothing is more common among seafaring men than to hear them 
complain, and complain with justice, that in consequence of 
new engineering works in some harbours, the depth of the water 
in the channel has been reduced, some dangerous shoal extended, 
some fixed bank made into a quicksand, or a bar which was 
troublesome enough before made a greater stumbling-block. If 
there be any up-navigation, that is sure to suffer when the point 
of discharge into the sea is injured, and the lighterman complains 
that the channels are choked, that the tide does not run up so 
high, or that he has less tide to carry him up ; and the wharfinger 
finds that his frontage is stopped witn sand and shingle. There is 
more bungling under the name of hydraulic engineering than 
perhaps in any branch of the profession. It is the opprobrium of 
engineering, that after hundreds of thousands have been spent on 
an hydraulic work, it is a complete failure : harbours are choked, 
piers pushed out only to push bars or shingle further seaward, and 
sea-walls are made with the most solid masonry and with the 
very smallest modicum of expense or capacity, so that they topple 
down before the walls are well set. So little is this branch of 
engineering appreciated by the public, that large tracts of avail- 
able land — two new shires in fact — are left unsecured on the east and 
weBt Coasts of England, when they ought long since to have been 
embanked. There is scarcely a river or water-way in the country 
which is not kept in a state disgraceful to the engineering 
science of England. Let any one leave the metropolis, and look 
at the shores of the Thames and Medway : marshes badly drained, 
or not drained at all ; river walls made so steep that they are 
yearly cut into or undermined ; and stones put year after year to 
be washed away, because they are put where they never ought to 
have been. 

We do not know whether the government ought to take in 
hand, as in Holland, the care of our water-ways, for we place no 


confidence in what the government does. The constitution of the 
Tidal Harbour Commission is not such as to inspire any great 
hopes from government interference, for while that commission is 
ornamented with a military engineer in due course, there is not 
one civil engineer upon it. The one great remedy is by the 
exertion of the members of the engineering profession to improve 
the state of hydraulic engineering, and particularly to execute 
carefully whatever duties they undertake. This, we think, Mr. 
Rendel has done ; and though we differ from him in some points, 
we have no doubt that he has carefully, conscientiously, and la- 
boriously exerted himself in this survey for Birkenhead. 

It is tolerably well known that Liverpool is one of the worst 
harbours in the country, with long and tortuous channels, among 
dangerous banks, and all the doubts and uncertainties of a bar- 
harbour, so that its very continuance as a harbour is precarious, 
and has, before this, been endangered. While Liverpool is a bad 
harbour, it is a bad harbour on a large scale ; and those resources 
of science which are available for the improvement of small har- 
bours can do very little on miles of sea-channel and acres of sand- 
bank ; — still they can do a little, and it becomes of great import- 
ance, that in any operation within the estuary, all care shall be 
taken to prevent injury to the outer channels. Mr Rendel has 
tried to improve them. 

The form of the Liverpool estuary is peculiar. It is wide abo*« 
and narrow below, so that it has been compared to a bottle with 
the neck seaward. It is,, however, outside the neck of the bottle 
that the sea-channels and banks are stretched out. Perhaps we 
may improve upon the bottle simile, by calling the estuary a 
curved powder-flask. Liverpool lies on the neck, on the concave 
side, and Birkenhead opposite, on the convex side. The wide part 
stretches up to Runcorn. Liverpool formerly had an inlet called 
the Liver Pool. This has been dammed up, and built upon : by 
which so much has been taken from the breakwater. The whole of 
the docks of Liverpool have likewise been taken from the break- 
water, being constructed upon the strand. Thus the neck of the 
bottle has been narrowed very much more than it was originally. 

Just above Liverpool a bank and shelf, called Pluckington 
Bank and Shelf, hare been formed, which are not very advantageous 
to the docks before which they lie. 

The Birkenhead shore has been untouched. It has a large 
inlet running up, named Wallasey Pool, and this has shown a ten- 
dency of late years to silt up. Indeed, considering Wallasey 
Pool, Pluckington Bank, and the general evidence, we should say 
that there is a decided action unfavourable to the good condition 
of the harbour. 

The deepest water lies on the Birkenhead shore, so that it has 
a depth below the lowest dock-sills on the Liverpool side. 

It will be seen, that whatever works are undertaken at Birken- 
head, they may act upon the upper part of the flask, upon the 
neck and so affect Liverpool outside, and so operate upon 
the Victoria Bar and Channel. Whether this action was to be 
for good or evil very much depended upon Mr. Rendel ; and he 
might have done as others have done — made his docks, and cared 
no more about it : but he has wisely taken a wider view, and tried 
to do all that was possible to improve the state of the harbour. 
This was done wisely, because the continuance of Birkenhead de- 
pends upon the good condition of the Victoria Channel ; and if 
vessels cannot get over the bar outside, they will never be able to 
get into docks either on the Liverpool or Birkenhead side. Mr. 
Rendefs plan, therefore, is not one merely for making the Birken- 
head docks ,but for improving the harbours of Liverpool. 

Wallasey Pool has a wide mouth, and runs, narrowing as it goes, 
about two miles inland, taking the drainage of a small district. 
This Pool is mostly dry at low water. The opening of this Pool is 
perhaps a mile across. 

This Pool may be taken as two parts, the mouth or funnel, and 
the upper part. Mr. Rendel's plan is to take advantage of a ledge 
of rock which runs across the neck, and shut off the upper part by 
a great dam with lock-gates, and having a line of sluices as here- 
after described. 

The upper part constitutes a float of 150 acres, kept up at high- 
water mark, and on the sides of which docks, wharfs, warehouses, 
and building-yards may be formed. Around this float a river- wall 
is to be buift as frontage to the wharfs. 

The mouth of the Pool is to be embanked, except a low-water 
basin of 37 acres open to the Mersey. 

The sluices in the dam are to be so arranged as to be near the 
bottom line of the outer low-water basin, so that on being run out 
they shall sweep the bottom of it. This they are to do during a 
part of the tide only, so as to concentrate the action, to keep the 
basin and its mouth free from silt, and to send the water down to 
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the Victoria Bar at the best time for action on it. By the con- 
struction of the sluices, the water, instead of being poured down 
to tear up the bottom of the basin, will be sent along in a sheet, so 
as to prevent the silt from depositing itself. This sheet will be 
aent below the water in the basin, and Mr. Rendel thinks it will 
act to sweep the silt 2,000 feet. 

It will be seen that by blocking up the Pool and inclosing the 
greater part of the strand, a considerable body of tidal water is 
displaced. 

Mr. Rendel expects by straightening the shore on the Birken- 
head side that the access of the tide to the upper Mersey will be 
improved, and that the scour being increased Pluckington Bank, 
on the Liverpool side, will be reduced, a better entrance will be 
made to Wallasey Pool, and a more favourable action will be 
exerted on the Victoria Bar. 

The plan seems open to the objection that injury must ensue 
from the tidal displacement at Birkenhead, particularly as by the 
construction of new docks on the Liverpool side a further displace- 
ment takes place there. 

Mr. Rendel says that this is of no importance in the case of the 
Mersey. If the river were of a funnel shape an obstruction below 
would impede the passage of the tide up, and diminish the quan- 
tity of water available for scour. He allows that injury will ensue 
if an obstruction takes place in the upper Mersey, because 
there will be less room for the water to accumulate ; and there- 
fore there will be a less body to scour down on its ebb. He 
contends, however, that the displacement on the neck of the flask 
is of less importance, as the water there is of less power for 
the scour than the water returning from the upper Mersey. The 
tide will always have time and power to force its way up the neck 
to supply the reservoir in the upper Mersey; and the state of 
the channels in the neck is determined by the state of the upper 
Mersey, and not of the neck. He contends on the ground of the 
improving state of the Victoria Channel, and, notwithstanding the 
displacement by the docks at Liverpool, that operations at the 
neck cannot injure the Victoria Channel. Pluckington Bank, he 
affirms, is formed by the set of the current on the irregularly- 
shaped shore of Birkenhead. By straightening the Birkenhead 
shore, and making it parallel with the Liverpool shore, the neck 
will be made more efficient, the tidal body passing up will deepen 
it, and Pluckington Bank will be worn down, though he does not 
say it will sweep it away altogether. 

This is really a summary of the harbour question; and we 
believe we have put it with sufficient succintness and clearness 
to enable our readers to exercise their judgments upon it. 

The arguments and researches of Mr. Rendel in support of his 
case are well worthy of perusal, for they exhibit very able treat- 
ment and high powers of mind. It is in the preservation of these 
that the practical value of Mr. Webster's book consists; and it is 
fortunate that the editorship fell into Mr. Webster's hands; for 
as it is chiefly an abstract of the evidence, a mere lawyer would 
have got rid of the practical points, and the book would not have 
been of the least service to engineers, — whereas it is one which 
will be usefully added to the library of every member of the pro- 
fession. 

The formation of a harbour at Birkenhead is not new to en- 
gineers, for, in 1828, Telford, Stevenson, and Nimmo were em- 
ployed on a plan by Mr. Laird, sen., and Sir John Tobin, and re- 
commended the formation of a canal from Wallasey Pool to the 
Dee at Ililbree island, near its mouth, so as to get another access 
to the sea. This is a resource which Birkenhead still has. and 
which with its progress it will avail itself, but which will not 
checkmate Liverpool. Liverpool has, by the plan proposed for an 
out-harbour at Formby Point, a cheap means of providing more 
efficiently for all that could be done by a new sea outlet to Bir- 
kenhead. Formby Harbour could be made cheaply; while two 
short cuts to the Leeds and Liverpool Canal, and to the Liverpool 
and Southport Railway, would allow of goods being carried 
cheaply and quickly into the Liverpool docks ; and for steam traffic, 
Formby Harbour would beat the Hilbree Canal. Mr. Renders plan 
may be considered as novel in its whole arrangements and treat- 
ment. Mr. Telford in looking at the Mersey is reported to have 
said : “ They have built Liverpool on the wrong side of the river." 

We shall now take some stray gleanings from Mr. Webster's 
book. Lieut. Walker, R.N., says that Pluckington Bank is caused 
by two opposing tides or eddies from W allasey Pool meeting and 
causing tne silt held in suspension to deposit itself. The 
straightening of the Birkenhead shore would remedy this. 

Birkenhead, we may note, besides being the deep-water side, 
has the advantage of being the weather-side ; while the docks on 


the Liverpool side, most exposed to the waves breaking over the 
sand-banks, are the most liable to silt up. 

The area of the float at a high tide is 208 acres, the frontage 4£ 
miles. In the dam, Mr. Rendel proposes a pair of tide-gates of 70 
feet opening, the level of their sills Deing the same as that of the 
Prince's dock, at Liverpool. This float would allow steam-tugs to 
enter, which is not the case at Liverpool. Mr. Rendel calculates 
on the movement of the steamers likewise in keeping his channels 
clear. Besides the tide-gates of the great float, Mr. Rendel pro- 
poses a lock of 50 feet wide and 200 feet long, which could be 
worked during ten hours out of every twelve, in a spring tide, for 
vessels drawing 17 feet water. 

We shall give in Mr. Renders own words his plan of sluicing:—* 

11 It is proposed to run down daily any quantity of water between the 
level of the tide of the day and that which may be considered best as the 
permanent level of the water: so that, supposing the water were retained at 
a permanent level of thirteen feet above the old dock datum, the average 
high-water of spring tides being 18 ft. 3 in. above that level, there would 
be 5 ft. 3 in., the difference between the permanent level and the tide of the 
day. The running off the water ia a very important feature in the plan : 
the idea is to make sluices, or apertures, under the great gates and the tide- 
gates, passing oot near the level of the bottom of the great basin, and con- 
sequently under the whole of the gates. The openings for the discharge of 
the water will be between the bottom of the basin and the level of the sills of 
the tide-gates and of the locks, as low as we can conveniently get them ; say 
for argument sake, ten feet below the level of low water of average spring 
tides. The sluices will be so formed as to be five feet square at the top on 
the inside, and they will be gradually widened in horizontal dimensions, so 
as to produce a kind of sheet of water within two feet of the bottom of 
the great basin, and inasmuch as the separating piers of those apertures 
will only be at the point of outfall about two feet thick, the effect will be 
to have one wide sheet of water of the width of the basin ; the consequence 
of that is, that we shall be aoie to operate upon the bottom of the basin, not 
in the usual way of a large bore of water tearing up everything before it, 
but a sheet of water which we can regulate to any degree of force which 
we like, by the sluices on the inside. I should also say further, that we 
have the sluices there, because they will operate most efficiently upon the 
straight part of the basin ; we propose to have the same kind of sluices be- 
tween the little dock which we have called the Bridge End Dock, and 
the arm of the basin running np to it, operating in the tame way precisely. 

I wish it to be distinctly understood, that we do not propose to run those 
sluices in the ordinary way of sluicing. I want to give the water, which if 
to be discharged out of this great basin, more the effect of a river passing 
through with a gentle current, than a great body of rushing water, and I 
arrange the slnices with this view. It is also manifest that a basin of such 
capacity as this basin, will bate lying in it a number of vessels, say of from 
six to ten feet draught of water ; those very vessels will be the means, with 
a gentle cnrrent, of keeping the basin clear with the daily operations we 
shall employ in running off this water. 

If the basin were unoccupied the effect would not be so great as it will 
be the basin being occupied. If the basin were formed it the level of low 
water, or if it were not occupied, the effect of the sluicing would oot be so 
great as it will be from the fact that vessels are floatiog in the basin, whe- 
ther in large quantities, or small; if the quantity of vessels is small, I 
would then give the water a greater cnrrent ; if it is large, I would then 
give it a gentler current, so that we can command that kind of current 
passing under those vessels from their being afloat, which will keep the 
bottom clear of the daily accretions. 

Also we can run off the water at those periods that experience will dictate 
to be the best. We are not bound to run it off at low water, or any par- 
ticular period of the tide : that would be regulated by a regard to all the 
circumstances of the case. 

I know from considerable experience, that many harbours are kept open 
entirely by the vessels lying in those harbours ; the river is forced to pass 
under their bottoms, and in that way the water is kept at a proper depth. 

I believe that is notorious." 

There will be the power of running off 1.600,000 cubic yards 
of water at spring tides, which will be available for scouring. The 
most available water for scouring now passing out of Wallasey 
Pool is 1,390,000 cubic yards ; that is to say, tne water passing off 
after half-tide. 

Mr. Rendel's estimate is, for cofferdams and other temporary 
works, £ 15,323 ; excavations, £80,470 ; masonry, £198,513 ; gates 
and bridges^£2 1,268 ; draining, £22,572; land and contingencies, 
£53,379. Total, £391,908. 

The peculiarity of Mr. Rendel's plan is the damming- up of the 
upper Pool, so as to make a float. Messrs. Mawdesley ana Smith 
had proposed simply to deepen and wall the Pool, whieh was sup- 
ported by some of the opposition parties. Mr. Rendel affirmed 
that this would do no good, but leave the Pool even more liable to fill 
up, as it would receive the water at an earlier time of the tide, 
when charged with a larger quantity of matter. 

Mr. Rendel's researches on the tidal actions of the Mersey 
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were very minute ; but to be fully understood require the expla- 
natory maps and sections accompanying Mr. Webster's book. We 
shall, however, attempt to give an abstract of Mr. Rendel's 
evidence in the House of Lords : — 

“ The estuary of the Dee, and the estuary of the Mersey, and the character 
of the two rivers are manifestly wholly different — their forms are different. 
They are different in this respect ; the Dee is for the whole extent of it a 
shallow estuary ; the Mersey, from the contraction at its mouth, has an ex- 
ceedingly deep channel opposite Liverpool, containing an enormous mass of 
water, but immediately that it widens out in the same form as the Dee, it 
loses its depth and becomes a shallow estuary ; therefore, suppose the tide 
to come up, as I describe it with reference to the large chart, as at present 
— and nothing in our works can prevent that, for the works are within the 
gorge — it comes up in a large body, presenting to all intents and purposes, 
the head of a wedge, and it gradually tapers out, losing its solid and com- 
pact form as it advances up the estuary. It is manifest that if we can make 
that wedge into a uniform column, as we shall do by these works, we shall 
perfect the efficiency of the channel after these works are made ; the part 
outside Seacombe is perfectly untouched ; we do nothing to that. Then, 
in order to ascertain precisely the whole economy of this tidal action in the 
estuary, and to satisfy my own mind, and in order to give evidence before 
your Lordships, I had tidal observations taken at Formby, which is, in fact, 
the headland on the Lancashire shore; observations were simultaneously 
taken at Prince’s dock, which is the narrow part of the gorge of the estuary ; 
also at New Brighton, Fiddler’s Ferry, and Warrington Bridge, so that I 
have been able to trace the relative heights and the relative times of high 
water of the same tides at all those points, and I have done it at spring 
and at neap tides. The results I will give from the diagrams I have 
before me. 

The width of the river at Egremont — the point which corresponds with 
the north end of the Liverpool docks— at high water, is 4,030 feet ; the 
sectional area of the channel at that point at high water spring tides is 
236,449 square feet. At Seacombe, only 3,000 feet within that point, the 
width is reduced to 3,060 feet, and the sectional area to 184,622 fee t ; it is 
altogether a gorge at that point ; it is completely the gorge of the estuary, 
which has been defined by the works of the dock trustees on the one side 
and the natural rock of Seacombe on the other. At Wallasey Pool the 
width is 6,640, it will be reduced by building the wall to assimilate with 
the other sections, namely to 3,350 feet. At Woodside pier, the width is 
3,500 feet, therefore the effect of the wall is to make the shores parallel, 
and consequently to take off this great width which Wallasey Pool occasions. 
That wall, when made, will in my opinion, improve the channel and course 
of the river ; it will directly accomplish that object, and one immediate 
result likely to follow is the taking away of Pluckington Bank formed by 
the tide setting into Wallasey Pool and occasioning an eddy. The consequent 
good effect will be, that the quantity of water at the least, if not more, 
which now goes into Wallasey Pool, would go up into the estuary, and by 
going up into the estuary it must necessarily be of greatly more value to tne 
maintenance of the estuary and the scouring power of the river than 
passing into the pool. There will be nearly 300 feet greater width opposite 
our works than at Seacombe. The minimum section of the river being at 
Seacombe, the next smallest section is at Woodside, and tbe next at 
Tranmere. The sections at Seacombe and Woodside will continue tbe 
smallest sections after tbe works are completed. If Pluckington Bank be 
swept away, it will make a difference greatly in favour of the narrows as 
they exist at present ; it will make a larger section, and improve the estuary 
above. After Tranmere, the estuary becomes very wide; after you get 
above tbe bulb the bottle commences. 

This section is the profile of the river ; it is on an exaggerated scale as to 
height compared with length. Here is the Victoria Bar, then the Crosby 
Channel fall into this enormous cavity ; here we have Seacombe, which is 
the narrowest part of the river ; the bed rises up again opposite Garston to 
the level of low water. The river has excavated for itself within these 
narrows, within which it has been confined, a channel quite down to the rock 
in this particular place. The greatest depth at Egremont at low water 
spring tides is 67 feet. The greatest depth at Seacombe, which is deter- 
mined by the rock, for it is scoured down to the rock, is 52 feet; the 
greatest depth opposite W T allasey Pool is 62 feet ; opposite Woodside the 
greatest depth is 64 ft. 7 in., this is at low water spring tides. At Tran- 
mere, we get 61 ft. 4 in. according to our soundings. It would appear that 
except in hollows in the rocks the sand has been scoured down to the rock, 
but as tbe current passes in and becomes impaired in efficiency by those hol- 
lows or irregularities on the shore, there are parts where banks have begun 
to accumulate, and it is only in certain parts that we can detect rocks by the 
plummet. The Mersey presents the character of a deep narrow channel 
supplying the estuary above ; it presents the character of a narrow artificial 
gorge supplying a shallow extensive estuary. 

According to the observations I have made there can be no doubt that the 
supply of water into the estuary above, depends upon the momentum 
generated in those narrows. The bulb at Wallasey Pool detracts from the 
momentum. The straightening the wall in tbe manner described would im- 
prove the current and increase the momentum, inasmuch as tbe present ir- 
regular shores make irregular currents ; those irregular currents act upon 
each other and impair the general effect. If they can be made direct they 
are made more efficient, and consequently they will send a larger body of 


water up into the estuary, or at all events they will send that water up into 
the estuary which now runs into Wallasey Pool. I atn as great au enemy as 
any one to the general question of abstracting water from estuaries, but 
there is peculiarity in this case which takes it out of the general class of 
causes of the abstraction of water from estuaries. 

To ascertain the strength of the currents, I had accurate observations 
(with watches adjusted) at Egremont, Seacombe, Wallasey, Woodside, and 
Tranmere, and having a fleet of boats and a steamer to attend us, we put 
down floats, so far submerged that the wind could have no effect upon 
them, in the centre of the stream and on either side, far enough from the 
shore to feel the strength of the current, and tbe floats were observed as 
they passed each of the lines of the sections at the above places. Tbe 
distances were great enough to give as accurate a result as could be ob- 
tained by any experiment of the kind, none of them being less than 2,600 
feet, and the greater part from that to 3,000. The mean velocity of the 
tide upon the flood from Egremont to Seacombe was 6*173 feet per second, 
from Seacombe to Wallasey it was 7*211 feet per second ; which expresses 
this, that the tide heaps up on the seaward side at Seacombe Point faster 
than that section can pass it through, so that it runs faster to relieve itself 
on the inside of the Seacombe Point than it does from Egremont to Sea- 
combe. You have that increased velocity by the increased head outside 
Seacombe. From that section to the section at Woodside, the velocity is 
reduced to 5*891 feet per second. That arises from the current being im- 
paired by passing into the bulb ; it has, in fact, the effect of cross currents 
and eddies, as 1 have described. From Woodside to Tranmere the velocity 
is 5*33 feet per second. Tbe ebbs are the very reverse. It will be observed 
that on tbe flood the tide was strongest from Seacombe to Wallasey Pool ; 
upon tbe ebb, the strongest current is from Seacombe to Egremont ; there 
tbe velocity of tbe ebb tide was 6*703 feet per second; the velocity of the 
ebb from Wallasey to Seacombe was 6*139, and from Woodside to Wallasey 
5*49. These are ordinary spring tides. Tbe velocity of the ebb from Tran- 
mere to Woodside was 5*54 feet per second, which proves that the water is 
heaped up by the tide at Seacombe Point faster than it is vented ; anything 
which can be done to improve tbe channel of the estuary between those 
narrows and the upper narrows must necessarily tend to vent that quantity 
of water with greater facility. Those were the results of actual observation, 
the theoretical results on a comparison of the sections agreeing with them 
as nearly as can be expected. 

The object of these tidal sections is to show how the tides flowed on the 
days of observation. At the time stated it was high water at Formby, 
which is quite at the mouth of the estuary. At the same time, if you carry 
on your eye to the Prince’s dock you find that the tide is heaping up, 
actually rising up, at the Prince’s dock. Then if you go on to Ellesmere 
Port, you find that the tide is still rising ; although at the time it is rising 
there it has fallen at sea ; and so, all the way on to Runcorn and Fiddler’s 
Ferry ; and you get the profile at all the points by the different lines laid 
down here, which in words is this : that inasmuch as the tide had by flowing 
into the estuary attained a velocity in passing through these narrows at 
Liverpool, its own acquired velocity or momentum carried it forward, and 
heaped it up in tbe estuary according to all these lines, for it would be im- 
possible if that were not the case to account for the fact, that the tide does 
so rise ; and it is just this — I will suppose the fluid to be a solid ; if a solid 
has acquired a given velocity, we know perfectly well in mechanics that 
unless some force interposes to stop the velocity of the body it will be 
carried on ; and it is precisely so in this case, the water flows on by tbe im- 
pulse that it has received at that narrow gorge, and it rises above its level. 
If the elevation were due to nothing more than statical pressure, which is 
merely the pressure of the head without the velocity, it would terminate 
its course, for there is no law of nature to make it go further. What 
would be the state of things in an estuary like the Dee, would be deter- 
mined by the form of tbe shore and other questions, but here you have the 
peculiarity so strongly marked, that you cannot mistake the cause. The 
effect there would be, that as the mouth of theDee is wider than its head, it 
would receive a larger wave than would be due to the upper part of tbe 
Dee, and, therefore, if it had acquired sufficient velocity, the water would 
accumulate up the Dee to a certain extent ; but inasmuch as tbe extent to 
which it would accumulate is due to the velocity of the stream, it could not 
attain the same head in the upper part of the Dee as it does in the Mersey ; 
it depends on the velocity. 1 should say this, that inasmuch as the profile 
represented is that which is due to the statical pressure (which is no- 
thing more than head without force or velocity) ; all that is above that 
must be due to impetus : for we see here in the Mersey what we see in 
every river, and what we see in the Dee *. instead of the narrow part being 
at the top, the narrow part in the Mersey is at the mouth ; therefore, so far 
as is due to momentum, if you could make the Mersey and tbe Dee at all 
agree, it would follow, that you would in the Dee have an enormous heapiog 
up compared with what you have in the Mersey. If you could by any pos- 
sibility give to the water entering tbe Dee tbe same velocity as the water 
entering the Mersey, keeping tbe section the same, it would heap up here 
quite in the same way as it does in the Severn ; but it cannot have that 
velocity, because there is not the same cause to excite it, namely, the con- 
traction. 

For determining how much the tide has risen up the estuary above its 
level at the gorge, I take the level at Prince’s Basin, which is in the gorge. 
I will take the tide on the 1st of June, which was a spring tide. Suppose 
we start with the tide at high water at Prince’s dock, which is in the gorge 
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at Liverpool, it would be 1 ft. 1 in. higher at high water at Ellesmere Port, and 
fifteen minutes later in arriving at that point; 1 ft. 10 in. higher at Runcorn, 
and would he thirty-five minutes later than at Liverpool ; it would be 1 ft. 
9 in. higher at Fiddler’s Perry, one hour after it was high water at Liverpool ; 
it would be 2 ft. 3 in. higher at Warrington bridge, 1 hour 25 minutes after 
it was high water at Liverpool. Without going through the details of each 
observation, the mean of three spring tides was 1 ft 1 in. higher at Ellesmere, 
1 ft. 10 in. at Runcorn, 1 ft 8 in. at Fiddler’s Ferry, 2 ft. 3 in. at Warrington. 
On the mean of the three neap tides, of the 8tb, 9th, and 10th of June, 
there was still an elevation, but it was reduced on account of the stream not 
being so strong at the gorge, to 5 inches at Ellesmere Port, 11 inches at 
Runcorn, 10 inches at Fiddler’s Ferry, and only 9 inches at Warrington ; 
these differences are due to the differences of the neap and spring tides, or 
in other words, the differences of the velocities through the gorge are as 
8 inches at Ellesmere Port, 11 inches at Runcorn, 10 inches at Fiddler’s 
Ferry, 1 ft. 6 in. at Warrington ; and it follows, that anything that would 
strengthen the velocity through the gorge at neaps, would necessarily tend 
to make the approximation nearer between the elevations at those different 
places at neap tides, as compared with springs. 

The difference in the quantity of water which passes up the estuary at 
springs and neaps, I have taken from Captain Denham’s survey ; and if you 
could get the water at neap tides to stand at all those different points with 
the same differences above the Prince's dock as it does at springs, you would 
get an increased quantity of water (18,000,000 or 20,000,000 of yards) up 
the estuary ; any increase of the momentum in the gorge would tend to in- 
crease the quantity going up. The observations led me to that conclusion, 
and 1 come to no other from the phenomena ; at all events I am perfectly 
convinced that all the water that now passes into Wallasey Pool, would go 
up into the estuary. It is a mathematical question which 1 am not going to 
touch, whether more would go up ; but philosophers have endeavoured to 
show, that a bulb upon a pipe (all other things being equal) would prevent 
the same quantity of water being discharged as would be discharged in the 
tame time if the pipe were parallel, and this is a similar case, but 1 am not 
going into that question.” 

Random Hint* on Railway s and Railway Legislation . By Alex- 
ander Doull, C.E., Assoc. Inst. C.E. London ; Weale, 1848. 

This is a timely warning against the bill of the Railway Commis- 
sioners, particularly addressed to the engineering profession. It 
is so clear and practical, that we hope it will not be without its 
proper effect ; at any rate, Mr. Doull deserves the warmest thanks 
for this exposure of the mischievous measures of the commis- 
sioners. 

After showing the inconsistencies of the standing orders, and 
explaining the process adopted in preparing a line of railway for 
parliamentary examination, Mr. Doull goes on to analyse the 
amended bill. The chief amendment is the lowering the deposit 
by way of security from £500 to £200 ; but which for a line of 
200 miles, would still leave the enormous sum of £40,000 in the 
hands of the Railway Commissioners, to be fooled away in such 
manner as they may think fit, — but which, at all events, is a seri- 
ous impediment in the way of all new lines of railway. Mr. Doull 
very well observes, that the commissioners are quite ready enough 
to do work for the money, — indeed, the way in which they make 
work would deserve credit for its ingenuity, if it were not so ob- 
jectionable from its decidedly mischievous tendency. 

As is very well known, a preliminary survey, often extending 
over miles in breadth, is necessary to select the line which is to be 
surveyed in detail. No provision, however, seems to be made for 
this, or the bill is inconsistent with its performance. Most proba- 
bly, Colonel Brandreth and Sir Edward Rvan are unaware how the 
survey of a railway is carried out. The tourth clause of the bill 
requires that “ the promoters of any proposed railway shall apply 
to the commissioners for authority to make the surveys necessary 
to enable them to determine the line and level of such railway, * 
&c. ; but the fifth clause requires that 44 ten clear days at the least 
before making such application, the said promoters shall give 
notice by advertisements, each in the same words and form, in the 
London Gazette and in some newspaper published or circulating in 
each county through which the railway is proposed to pass, such 
intended application specifying the course of the line of such rail- 
way,” &c. 

Of course this cannot be done without a preliminary survey, and 
how is this to be effected ten clear days before the engineer can 
apply to the commissioners for leave to go over the ground ? 

Again, if this notice and this permission be as a protection to 
the occupiers, it is difficult to conceive how a notice is to be framed 
to cover the wide extent of country over which it is necessary for 
the engineer to go, if he is to choose the best line of railway. 

It is evident to all practical men that a very large expense must 
be incurred for advertising voluminous notices (drawn up by law- 
yers) in the London Gazette and a number of country newspapers. 


It will be worth the while of the enterprising proprietor of the 
Surrey Times to publish it all the year round, instead of bringing 
it out as now for the occasion of the advertisements of intended 
applications to parliament for railway bills.. 

Mr. Doull thinks from the sixth clause that the permission to 
survey only extends to the very lands through which the proposed 
line of railway is to pass. If so, a large sum of money has to be 
paid down, much time has to be wasted, and a cumbrous process to 
be gone through, for a permission which is worth very little. 

The tenth clause, regulating the return of any remaining portion 
of the £200, provides that 44 one month after the bill for giving 
power to make the railway, in respect of which such deposit was 
made, shall have passed or been thrown out or withdrawn by leave 
of either House of Parliament, the commissioners shall by a draft 
or cheque signed by two of the commissioners order the balance 
standing to their (the depositors) account, in respect of such de- 
posit, to be paid to the promoters Dy whom the deposit was made.** * 
— Mr. Doull observes, that the framers of the bill do not appear to 
have contemplated the return of any portion of the deposit to 
those promoters who may not advance so far as the threshold of 
the legislature. We may add, that there is an opening for litiga- 
tion, in case of any dispute among the promoters of a new com- 
pany, such as has happened before, and snch as may happen again, 
under the auspices of Mr. Spackman and others. If Mr. Spack- 
man should give notice to the commissioners not to return the 
remaining deposit to the committee of the railway company, the 
commissioners may be very well disposed to act upon the bint, and 
wait for the direction of a court of law. 

The thirteenth clause provides that u before the said promoters, 
or any of their officers enter upon any lands to survey the same, 
or to mark out the line of their proposed railway, as hereinafter 
mentioned, they shall give to the occupying tenant thereof not less 
than two nor more than seven days' notice in writing of their in- 
tention to enter and survey the lands.” The object of giving not 
less than two days* notice explains itself, but the restriction as to 
not giving more than seven aays* notice must often be most incon- 
venient to surveyors and engineers, for within seven days many 
circumstances may occur to delay the survey, while no inconveni- 
ence can accrue to the occupying tenant from any length of notice. 
Under this clause, it might frequently become necessary to serve a 
fresh notice, the finst seven days' notice having expired. 

Mr. Doull contends, and with justice, that the number of occu- 
piers who would require to be noticed previously to commencing 
the survey or levels, would be considerably more than the number 
at' present necessarily included in a railway book of reference, even 
supposing the survey to extend only to the usual breadth of 20 or 
30 chains. It would therefore be necessary to get up a reference- 
book before commencing the survey ; and this would be attended 
with very great expense, besides the risk of some occupier being 
left without a reference. 

The fourteenth clause is in keeping with the rest. It enacts, 
that “ the said promoters shall mark out the line of the proposed 
railway by means of stakes fixed in the ground not more than thirty 
yards apart, and in such manner as clearly to point out the pro- 

{ >osed line of such railway ; and they shall put up posts along the 
ine, so marked out at convenient distances for the purpose of 
showing the level of such line, and shall mark on such posts in 
legible characters the number of feet and inches at which the 
rails are proposed to be laid above or below the surface of the 
ground.” 

Our readers will agree with Mr. Doull. that staking out a line 
of railway, and exhibiting the levels in feet and inches along the 
line, is a very difficult and complex operation. He estimates that 
it would double the expense of preparing parliamentary plans and 
sections. A higher class of surveyors would have to be employed, 
and a number of devices must be resorted to and superior instru- 
ments used to stake out curves of given radii with accuracy, in the 
face of the numerous obstacles to be encountered, and of the 
variety of circumstances to be met with, on an extended survey. 

As more damage must be done by staking out the line than by 
an ordinary survey, another charge will be imposed on the compa- 
nies, and further claims for compensation be given to the land- 
owners and occupiers. 

A new set of parties must be employed in painting the level- 
posts. 

What good is to be got from stating, in 44 inches,” a level which 
will differ whether the land be ploughed or unploughed, whether it 
be trenched or in grass, we do not profess to see. It can only 
cause a serious expense without answering any useful purpose. 

At present, staking out is delayed to the period when it can be 
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undertaken for a purpose of practical utility, and when it can be 
conveniently performed. 

As landowners and occupiers can now refer to the plans without 
having the line staked out, and as engineers can check the levels 
of rival lines from those plans, going over the ground with the 
plans in their hands, it does seem very hard upon the companies 
that they should incur such expense for the officers of Koyal 
Engineers, who are to be employed to inspect the line. In fact, if 
such parties cannot go over the ground without having the line 
stakea out, they must be utterly incompetent for the discharge, of 


the duties pi 
performance of which it Is 


to their own profession, and to the 
esirable they should be restricted. It 
will be open to a factious opposition to cavil about every one of the 
posts ; and the military engineers and the whole party may be em- 
ployed in ascertaining that the post is wrong by two inohes above 
or below the line. 

Clause 21 provides that the plans are to be deposited and in- 
spected. The inspector, who Knows as much about civil affairs as 
he does about civil engineering, is to hold courts along the line of 
the proposed railway ‘‘for the purpose of receiving information or 
suggestions from any persons interested in such proposed railway, 
either as the promoters thereof, or as the owners and occupiers of 
lands on or near to such line or otherwise,” A very cheap way of 
mnoying the companies and putting them to expense, will be by 
the landowners and farmers attending the inspector s court, and 
occupying the time of the staff by raising all kinds of objections. 

The twenty-fourth clause is an ambiguous one, giving the com- 
missioners power to allow the promoters to amend their plans after 
Inspection. 

Clause 25 provides that a second deposit is to be made ; and this 
Is followed by another ambiguous and inconsistent clause. 

Mr. Doull thinks that Clause 32 contemplates a second inspec- 
tion of the line of railway. 

It behoves engineers to be on their guard against this most 
tyrannical, mischievous, and vexatious, measure, which will place 
them under the inspection of their inferiors, the military engineers, 
in every operation of a survey ; and they are to be subjected to the 
judgment of these latter, whether a level be rightly taken or a 
curve properly laid out. 

It will be seen that this bill subjects railway projectors to the 
following new extent of unprofitable expenditure : — 

The depositing of £200 per mile with the Railway Commission- 
ers. 

The advertising of the intention to survey. 

The preparing a reference book for the survey, and the serving 
of the notices on the occupiers. 

Staking out the line, marking the levels in feet and M inches,” 
and setting out the curves- 

Making two deposits of the plans. # 

Preparing amended plans. 

Attending the inspector in his inspection of the line as staked 
out ; and fighting for the accuracy of the line, and against the 
objections of the local parties. 

After all this has been done, the old preparations for encounter- 
ing the ordeal of standing orders have to be made ; for the new 
regulation of the Commons, providing for notices being 6ent 
through thepost is quite inoperative, as service has to be proved, 
and the Lords require the old mode of service. 

Our readers will agree that any system of legislation more dis- 
graceful to a country than that by which railway companies are 
harassed, was never attempted or perpetrated. 


Andeitf and Modern Art. Historical and Critical By George 
Cleghobjt, Esq. Second Edition. Blackwood, Edinburgh and 
London, 1848. 

It iaetaied that the object of this work is to present,' in a popu- 
lar form, a brief sketch of ancient and modern art ; and to avoid 
the faults of other publications, which are of no use to the ordi- 
nary reader. By way of carrying out thispledge, the two volumes 
are filled with long passages from the French and Italian, and 
angtehes of Greek and Latin, which are not likely to be very well 
understood by the public, which are not needful in themselves, 
and which do not even prove the learning of the author. As to 
the execution of the work, without being original, it is loose 
and unsatisfactory; there is a hash of the opinions of foreign 
******** ? n “M* the only novelty is the criticism of the author 
y En gl is h writers and reviewers. It especially fails in giving a 
dear idea of any one work, school, or style, and a reader taken 
from the public would acquire the smallest amount of definite in- 
formation from its pages. It is a very difficult task to give an 


abridged view 'of an extensive subject, so as to communicate 
exact ideas ; indeed, an abridgement requires as high a degree of 
ability as an extensive work. It is not surprising, therefore, if Mr. 
Cleghorn should utterly fail in this attempt. As from some petty 
provincial feeling, there is more space devoted to the buildings, 
sculpture, painting, and painters of Edinburgh than of any other 
place— indeed, a large part of the two volumes — the public who 
buy this book on its title, will have no more reason to be satisfied 
with the quantity than with the quality. The work has such 
small merits, that we should ndt feel called upon to notice it, if it 
were not that it is likely to be taken for a popular work; as being 
a second edition emanating from publishers of reputation. 

A popular manual of art has yet to be written and is much 
wanted ; but it must convey definite information and descriptions 
suited to practical men, and less general criticism of aitists and 
works unknown to the public and not particularised. Mr. Cleg- 
horn’s account of the Munich school is the best that he has given 
us, but it is quite inadequate ; while a proper account of what has 
been done and is doing there is one of the best incentives to the 
encouragement of art here. - 

We must do Mr. Cleghorn the justice to say, that so far as his 
abilities go, he is sincerely desirous of promoting the interests of 
art. It may be some excuse for his defects that the present work 
is the offshoot of a pamphlet in favour of the imitation of the 
Parthenon on the Cal ton Hill at Edinburgh, under the name ‘Of a 
National Monument for Scotland. He is, therefore, a partisan of 
pure Greek and what he calls idealism ; he allows of Gothic ; but 
seems to hanker most after Italian. If it were not for the met** 
physical bent which effects all who are born north of the Tweedr 
and leads him into the discussions about idealism, he would be 
catholic in his artistic predilections. His idealism is, however,' 
more confused than that of any German, because he is attached to 
the study of nature ; and while holding up the imitation of nature 
as the great end of art, he cannot mane out how to reconcile it 
with idealism. He has been bora in the faith of idealism, — and 
though his convictions are starting arguments constantly against 
his faith, and though his practice is opposed to it, yet idealism he 
persists in maintaining. What it is he has not been successful In 
describing ; in one place it seems to be the genius and imagination 
of the artist which constitute idealism : but this again does not 
agree with statements elsewhere. The late Haydon, although 
he talked very much about it, could never make himself understock. 
The upshot always was “Nature and the Elgin marbles.” Mr. 
Cleghorn is strenuous in his abuse of what he calls the sect of na- 
turalists, but without producing any arguments except in their 
favour. 

He seems to be much more successful in reproducing M. Quatre- 
mere de Quincy’s definition of imitation. This is a fitting intro- 
duction to a treatise on artistic criticism. Imitation in the fine 
arts, says M. de Quincy, is the production of the likeness of a 
thing, but in another thing which becomes its image. It is not q 
reproduction of the thing, it is not its exact likeness, which can 
only be the result of a reproduction ; but it is the image of a like- 
ness, to be animated by the mind of the observer. Hence, an at- 
tempt at illusion fails because the artist takes on himself to per- 
form the functions of the spectator, and leaves the latter little or 
nothing to do. The originals of most of the figures of Raffaelle, 
Rubens, or Murillo would produce much less interest than the 
paintings : they would often excite the reproach of being ugly or 
clumsy women. The best illustration of this fundamental princi- 
ple of the fine arts, but one which Mr. Cleghorn has not adduced, 
is that derived from the drama. On a small stage, and in a short 
time, we are made to see the greatest men of antiquity, the revolu- 
tions of years, and the consummation of the most important events 
— the actors being men familiar to us even through the disguise of 
costume. The mind, however, takes its part with the actor, and 
shares in the realization. We do not want 

" A kingdom for o Hagc, princes to act, 

And monarch* to behold the swelling scene.” 

These accessaries are useless when the audience can supply their 
absence. The great dramatic poet explains the theory of imita- 
tion well, when he says to his audience : 

“ *T le your thoughts that now must deck our klnes. 

Carry them hfre and there i jumping o'er times ; 

Turning the accomplishment of many years 
Into an boor glass.” 

As a perfect illusion is not necessary, but hurtful, so there are 
bounds placed to limit the extent of art, and to limit the extent of 
each department of art, — bounds best observed in the greatest 
height of art, and soonest overstepped in its decadence. 

On the legitimate application of imitation all the fine art* de- 
pend, and this is their bond of union ; it is only in the vehicle 
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used, or the sense addressed, that they differ. We are now agi- 
tating for the catholicity of the three arts of design — painting, 
sculpture, and architecture ; but we cannot expect a perfect de- 
velopment of the fine arts, unless their three other Branches — 
music, the drama, and poetry — be likewise cultivated. The attempt 
to sever single arts, which has failed, is a ground for want of con- 
fidence in any system which steps short of completeness. In what 
do all our complaints and all our inquiries as to the low state of 
art end ? In a conviction of the low mental condition of the pro- 
fessors of art. When the painter has once taken his brusn in 
hand, the sculptor his chisel, and the architect his compasses^ he 
bids farewell to education and enlightenment, he gives himself up 
to what he calls his art. and narrows and cramps his mind just at 
that time when it Bhould be freest in its expansion. Precisely for 
the reason that the artist has no education, the scholar has no 
knowledge of art ; and art is kept back from this state of affairs, 
and not from the want of manual capacity in our artists, or of ade- 
quate encouragement from the public. There have been oppor- 
tunities enough lately, but they bring forth only Buckingham 
Palace or Trafalgar Square, art-union pictures or pigtail mon- 
strosities. The schoolmaster has been sent abroad ; but till our 
artists are better educated men, and more on a level with those of 
Greece and Italy, art can have little hope. We do not want 
academies of art so much as we want schools, liberal training, and 
the power of reasoning justly. 

Among the six fine or imitative arts, there are marked distinc- 
tions. Painting or design, sculpture, and architecture are mate- 
rial in their production; poetry, the drama, and music are 
immaterial, ana the latter two in their performance are transient 
or fleeting. The three latter have, however, the power of repro- 
duction of the model work to such a degree as materially to ex- 
tend their social influence. Painting by the means of engravings, 
and sculpture by means of casts, have this power of reproduction 
in a less or more modified degree, but the progress of science pro- 
mises to give these arts greater resources; and although some look 
unfavourably on the machinery of copying and piracy, we cannot 
but believe that the artist will gain oy being brought into com- 
munion with a greater mass of the public. The artist and the 
public must work together, they must feel for each other, they 
must join to produce the wished effect. Shakspeare working for 
the public of his day, and Dickens for the public of this, are under 
a stimulus which the artist at the present time too rarely feels. 
The incentive to immortality, the conscientious discharge of a 
patriotic duty, the inspiring influence of the goodwill and fellow 
feeling of applauding millions ought to operate on the artist as 
they do on the statesman, the general, or the poet, and ought to 
produce greater results than the grovelling selfishness which yields 
up its task on the payment of the stinted and allotted price, care- 
less of anything but the money reward and the personal gratifi- 
cation. 

Architecture has for its province the execution of single and 
isolated monuments. It is not easy to reproduce the Parthenon 
or St. Peter’s, and the architect has every inducement to devote 
himself to the production of works the merit of which he will not 
divide with the copyist, the printer, or the engraver,— which he 
wants no translator to make known to other nations, but which 
are felt and understood by people of all countries and all ages. 
Architecture has, too, this distinction, that it has an immediate and 
an obvious utilitarian character. The painter, the sculptor, and 
the musician minister indirectly to the uses of society ; the poet 
and the dramatist may propose a moral end, but it is not needful 
they should do so ; whereas there are few works of architecture 
which do not bear the stamp of usefulness. It may be thought by 
some enough to appeal to this sense of usefulness, but until the 
architect can satisfy himself that Newgate or Bedlam engrosses the 
favour bestowed upon Westminster Abbey and St. Paul's, he will 
do well not to be unmindful of the artistic relations of his profes- 
sion. As the mighty dome of St. Paul's is seen from so many 
points towering over London, how well does it mark the wide ex- 
panse of population crowding below. There is a greatness in the 
sight which cannot pass unacknowledged, while the statesman and 
the^ moralist knows too well the influence of great thoughts and 
^ — great associations on the public mind to neglect those means by 
which they can be awakened and upheld. Athens, it is true, sank 
with the glories of the Parthenon untarnished, but not until the 
living spirit of art had been quenched. 

The imaginative or creative power of the artist is what is not 
allowed for in Mr. Cleghorn's theories. His idealism resolves 
itself into the study of nature and the adaptation of the fine 
pert of one individual to the fine part of another to constitute an 
ideal or perfect whole. He quarrels with Hazlitt for affirming 


that the ideal is the preference of that which is fine in nature to 
that which is less so ; but he does not set up in its place anything 
which is clearer. Perhaps there is no difference. The naturalists, 
as represented by Mr. Hazlitt, say, “ There is nothing which is 
fine in art, but what is taken immediately, and as it were in the 
mass, from nature.” Mr. Cleghorn, for the moderate idealists, 
does not traverse this, but says, that “ Ideal art is finer than 
nature ;" though from what we can make out, ideal art is only 
selected nature. 

As to the question whether it is better to represent indivi<fual na- 
ture with individual defects, accidents, and peculiarities, or to repre- 
sent Jupiter with some of the features of the lion, and Hercules with 
the neck of a bull, to say nothing of fauns, satyrs, and centaurs, — 
this seems to us a question which, if solved in favour of the latter 
side, does not give any valid support to the idealists. Indeed, 
there is nothing which has ever yet been brought forward which 
shows that the Greeks owed their excellence to anything but the 
study of nature, or that there is any other mode of attaining ex- 
cellence in art. We are therefore the more hopeful of the future 
of English art, as at any rate we have the groundwork of a study 
of nature ; and this, supported by a prudent reference to the old 
masters, as confirmatory of the course of study, will, with a more 
liberal education and a more catholic feeling of art, give us artists 
of whose works we shall not be ashamed. 


Railway Engineering ; containing a General Table for the Calcula- 
tion of Earthworks . By T. Baker, C.E. London : Longman, 1848. 
8vo. pp. 64. 

We regret to perceive that Mr. P. Barlow has permitted this 
book to be dedicated to him. for we are sure that he was ignorant 
of the dubious character of the honour conferred on him by the 
unscrupulous author. There need not be the slightest delicacy or 
hesitation in affirming that the whole performance is a collection 
of gross plagiarisms. The formula for the super-elevation of the 
outer rail of a railway curve is taken from De Pambour. Methods 
which have long been published for setting out curves, the aqthor 
claims as his own, on the plea that they were privately communi- 
cated to his pupils, and that some years ago he sent to the u Gen - 
tleman's Diary a paper on the subject, which was rejected . 

The “ General Table for the Calculation of Earthwork on Rail- 
ways, &c.” is a direct copy from the “General Table for facilitating 
the Calculation of Earthworks for Railways, Canals, &c.” by Mr. 
Bashforth. There is not even a colourable variation from the 
original in the copy, — it is an exact reprint , line for line and figure 
for figure ; with a few additions, but not a single omission . Every 
one of Mr Bashforth’s tabular numbers re-appears in Mr. Baker s 
tqble. We had intended, in order to render the plagiarism pal- 
pable, to print a column from one table by the side of the corre- 
sponding one in the other table; but after getting half way through 
the labour of copying the figures, we found that there w as not a 
single alteration or omission, and therefore abandoned the task as 
useless. 

A general reader, not familiar with the character of earthwork 
tables, might deem the similarity accidental or inevitable — just as 
if two persons published different tables of common logarithms 
or square roots, the tabular figures must coincide where Doth are 
correct. The slightest consideration, however, will show that the 
present is not an analogous case. A great number of earthwork 
tables has been published, but none except Mr. Baker's has the 
same figures as Mr. Bashforth's : and for this plain reason. — that 
other tables, such as Mr. Bidder's or Sir John Macneill's, are 
applied by methods, and for purposes, entirely different. Sir John 
Macneill's, for instance, are not general, but have the results for 
particular slopes and bases, worked out ready to the engineer's 
hand. Mr. Bidder's table, on the contrary, is general, and con- 
siders the prismoid in three separate portions. Mr. Bashforth's 
is also general, but considers the prismoid in two portions ; one of 
which has no real existence, but being merely assumed for facility 
of calculation, is ultimately subtracted. Now considering the 
perfect independence of these methods, it is clear that the tables 
founded on them, though entirely different from each other, may 
lead to identical results. But the only person who has adopted 
Mr. Bashforth's very original plan of considering the slopes to be 
hypothetically continued till they meet in an apex, is Mr. Baker. 
He therefore is the only person who could use the same figures. 

We have too much confidence in the right feelings of engineers, 
to suppose for an instant that this attempt to take the fruit of high 
talents and unweared toil from the lawful owner will prove suc- 
cessful. In our apprehension, the literary offence is much aggra- 
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vated by the attempt made in the work under review to throw 
dust in the eyes of the reader, by abusing the author whose tables 
are copied. The attacks commence in the preface, and are con- 
tinued at intervals to the end of the book, with all the emphasis 
which italics and capitals can give them. For example, speaking 

g enerally of other previous tables, our author allows that “none of 
lem are accompanied with directions for finding the contents 
from the sectional areas, which is the most important part of such 
tables, except Mr. Bashforth’s ; but his method of applying them is 
erroneous .'' Now, the assertion, which we have given in the au- 
thor s own italics, is not only untrue, but it would not be un- 
diari table to assert that it is put forth to disguise the real relation 
off his own method to Mr. Bashforth's. The supposed error refers 
to the calculation for 6ide-long ground (or cuttings or embank- 
ments on the side of a hill, where the heignt of the slopes is un- 
equal), and is established by taking a perverse and preposterous 
example — that of two sections, 4 chains apart, of the areas 10,324 
feet and 400 feet, respectively. As if in a length of 4 chains, no 
intermediate sections would be taken where the first section was 
mqre than twenty-five times the last ! 

Setting aside the extravagant nature of the case supposed, Mr. 
Bashforth's method, even if so applied, is just as likely to give a 
true result as that which Mr. Baker would substitute. We are 
told, that by neglecting the area of the triangle, the former 
method gives a result 7i per cent, too small: but it is just as 
likely that the substituted method gives the result as much too 
great ; for the ground may undulate so much, that the error may 
be either in excess or diminution. In a case like the present, 
where the ground falls so much in the direction of length, that 
the heights of one end-section are only one-fifth those of the 
other end-section, great irregularities of surface must be supposed to 
intervene. For instance, suppose a valley or deep hollow occurred 
somewhere in this length or four chains of cutting, Mr. Baker 
would tell the contractor that he had to remove all the contents 
of the valley, w hich, in reality, nature had already excavated for him. 
There is no guarding against such errors, except by the precaution 
which every reasonable engineer adopts where the ground varies 
considerably — which, in the present case, would be practically 
inevitable — and which Mr. Bashforth's metnod supposes, — that of 
taking frequent sections. 

Our worthy author has not borrowed his predecessor's table of 
Proportional Parts, — which, as we explained in a former review, 
is printed on card, w ith a moveable index of wood sliding in a 
groove. It is estimated that by this ingenious contrivance, the 
table is made to contain all the calculations which, extended, 
would occupy a surface 42,250,000 times its present area. To 
have adopted this table also, would have been too palpable a 
plagiarism ; Mr. Baker, therefore, contents himself with copying, 
figure for figure , the first tw enty-one lines of it, which constitute 
his (!) “Table No. 2;" and the reader is informed (p. 48), that in 
cases which this “Table No. 2” does not include, he must work out 
the calculations for himself. 

It is not to be expected that every practical person who calcu- 
lates quantities for contractors, should understand the mathe- 
matical principles on which the particular tables which he uses 
are based. But it is within the simplest comprehension, that the 
two methods under comparison — and they alone — proceed on the 
assumption that the slopes are hypothetically continued to their 
intersection. It is also not a matter of reasoning at all, but 
one of mere eyesight, that Mr. Baker has re-printea Mr. Bash- 
forth's calculations identically. The only differences are these — 
Mr. Baker's table is printed in a less distinct manner ; to Mr. 
Basforth's table of 65 heights (reprinted without a single omission) 
seven more heights are addea : lastly, of the table of Proportional 
Parts, the first twenty-one lines are reprinted , and as to the 42 
millions and odd remaining calculations, which the sliding index 
ingeniously effects — why, the reader is left to calculate them for 
himself. 


The Steam Nasy. — Mr. Edward Whitley Baker has been appointed by the 
government to go oat with James Brooke, the Rajah of Sarawak. Mr. 
Baker is attached as engineer to the Meander frigate, and is to have charge 
of a steam launch, to be used in getting up the small rivers and creeks for 
surveys and in search of pirates, and is to be at the service of the Rajah in 
Sarawak and Labuan as mechanical engineer. We are glad to see from this 
appointment that the Admiralty are really desirous to improve the engineer- 
ing service of the navy, by employing efficient practical men like Mr. 
Baker. 


REGISTER OF NEW PATENTS. 

BALANCE BRIDGE. ' \ 

John Habvey Sadleb, of Holbeck, Leeds, ir&h merchant, for 
“ Improvements in constructing bridges, aqueducts , and similar struc- 
tures” — Granted July 7, 1847; Enrolled January 7, 1848. 

This invention relates to the construction of cast-iron girders 
for continuous bridges, viaducts, or aqueducts, and other improve- 
ments relating to railways. Fig. 1, is a side view made according 
to this invention of cast-iron girders c, strongly jointed and bolted 
together at a, standing upon piers of stone or brick 6 6 b, each 
girder c, being cast from one and the same pattern, or where no 
very great length is required, two parts c o', may be cast as one 
piece ; in either case from the points d, will constitute one girder, 
which is from centre to centre oftwo arches, and the two parts on 



Fig. 2. 


c 



either side of a bar 6, will balance each other, consequently, there 
is no weight or sway comparatively speaking in the centre of each 
arch. It will be seen that each girder is loose and at liberty at the 
centre of each arch d d, and though strongly jointed together by 
means of plates on each side, they will allow for any contraction 
or expansion required by change of the atmosphere ; and fig. 2, is 
a transverse section of this joint, showing how the toothed-plates 
fit into similar teeth at the ends of each girder vvhere they meet at 
the centre. Fig. 3, is a plan of the cast-iron flooring for bridges, 
&c., consisting of plates of cast-iron. Fig. 4, shows these plates 
upon an enlarged scale, the underside uppermost and not closed 
together, the better to explain how strength may be given to 
these plates to bear the rails and any weight required to pass over 
them ; and fig. 5, is a transverse section, showing how these plates 
are fastened together, and bolted to tne girders by the brackets 
i i. The covering or flooring-plates e and A, are shown to be a 
foot in width, and of the length from girder to girder correspond- 
ing to the width required for the railway. 

11 * 
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The plate upon which the chain are securely bolted U seen 
to have three ribs or flanches cast upon the underside in order to 
give the requisite strength, and also holes cast through it for bolt- 
ing and securely fixing tne chairs for holding the rails. There 
are studs about an inch square cast upon the sides of each plate, 
and each plate has holes cast of a size exactly to fit and receive 
these studs, (see JL fig. 5, which is a side view of these plates,^ it 
will therefore easily be understood that if these plates were snut 
or closed together, these studs would enter into the holes cast in 
each for that purpose, clearly showing that the whole covering or 
flooring will be so united and securely fastened, so as to form one 
general mass of support to the rails and the weight passing over 
t hem. 


LOCOMOTIVE ENGINES AND BREAKS. 

Geohge Taylor, of Holbeck, near Leeds, Yorkshire, mechanic, 
for “ Improvements in the construction of enoines and carriages to be 
used on railways.” — Granted June 3 ; Enrolled December 3, 1847. 

This invention relates, firstly, to improved arrangements of the 
cylinders of locomotive engines, and tne parts which communicate 
tne reciprocating motion to the driving-wheels, for the purpose of 
concentrating the driving power of the actuated pistons, so as to 
communicate an even rotating motion to the axles of the driving- 
wheels, and also to distribute the moving power (without first con- 
centrating it) to one, two. or more pairs of driving-wheels in a 
uniform manner. Secondly, this invention refers to an improved 
break, for stopping the progress of carriages along the line of rail- 
way ; such apparatus being also suitable for sustaining its carriage 
on the rails, in case of the breaking of an axle. Thirdly, this in- 
vention relates to an improved arrangement of tender. Fourthly, 
to certain improvements in mounting the wheels of railway car- 
riages. 

The improved arrangements are shown in the annexed engrav- 
ings. Fig. 1 is a side elevation, and fig. 2 a plan, in whicn the 




motive power, communicated to the pistons of the working cylin- 
ders, is concentrated in a line drawn longitudinally through the 
centre of the plane of the engine, a, a, are a pair of cylinders, 
placed over the end of the boiler 6, nearest to the smoke-box ; 
c, are the piston-rods, with cross-heads, which slide in guides fixed 
to the outside casing of the boiler ; d, d, are rods for connecting 
the piston-rods to the cranks e, which cranks are attached one to 
either side of a central wheel /. The periphery of this wheel is 
provided with cogs, for gearing into or driving a wheel g , keyed to 
the axle of the driving-wheels h. In order to insure tne proper 
gearing together of the wheels f and p, and allow of the play of 
the bearing-spring, the guides, in which the axle-boxes or journals 
of the driving-wheels h slide, are made at an angle, as shown at i, 
fig. 1 . By referring to the figures, it will be seen that the axles 
are placed above the boiler, and, therefore ? wheels of large diame- 
ter (say from 10 to 15 feet) may, if required, be employed with 
safety ; the oscillation of the engine being, in great part, avoided, 
by the central and uniform driving of the axle of the wheels 5, and 
tne weight of the engine being near the ground. When it is de-r 
sired to make all the wheels driving-wheels, their shafts may be 
connected together by rods and crank-pins, as now generally em- 
ployed. 

The specification describes two other arrangements of mechan- 


ism, for communicating the reciprocating motion of the pistons to 
the axles of the driving-wheels. 



The improved apparatus or break for retarding and stopping the 
train is shown at ng. 3, a side elevation of a tender, with tne appa- 
ratus attached thereto ; and fig. 4 being an end elevation, a is one 
of two levers, attached to the bottom of the carriage, and intended 
to vibrate slightly upon centre-pins b. At their outer ends these 
levers are connected together by a cross-rod c, and are thereby 
caused to move simultaneously when any motion is communicated 
to them, d, d. are flanged skias, attached to the outer end of the 
levers a ; and tney are provided, at their under surface, with a block 
of wood, the grain of which is vertical. These skids are intended 
to be depressed on to the rails, when the speed of the train is to be 
ckecked ; and the flanges, which are formed on the inner side of 
the skids, will set as guides and keep the carriages on the line of 
rails, in ease of the breakage of an axle, e is a strong spring, 
stretching across from one skid to the other, and taking into slots 
or openings formed in the upper part of the skids. This spring is 
embraced, at the middle of its length, by a hoop,/; which is jointed 
to a vertical shaft g, composed ot two parts, and capable of being 
adjusted, in its length, by a threadea connecting-piece h. The 
upper end of the shaft g is forked, and between its prongs two 
antifriction rollers t, t, are mounted. In the sides of these prongs, 
and between the centres of the rollers L longitudinal slots are cut, 
for the purpose of receiving the axle k. of a cam /, which is in 
contact witn the peripheries of the antifriction rollers. The axle 
k is mounted in bearings affixed to the end of the tender, and to 
its outer end a worm-wheel m is keyed. This wheel gears into a 
worm n, mounted on one end of a shaft o, which turns in bearings 
at the side of the tender ; and at its other end a hand-wheel p is 
keyed, for the purpose of giving it a Votary motion. Let it now 
be supposed that tne skids are required to be let down on to the 
rail, — the hand-wheel p is turned, in order, by means of the worm 
n, to move round the wheel m and its axle, which carries the cam / ; 
the larger radius of this cam being now brought into contact with 
the lower antifriction roller, it will depress the vertical shaft < 7 , and 
communicate, through the spring e, an elastic pressure to the skids, 
whereby they will be made to bite the rails, and retard the progress 
of the train. 

The third improvement consists In carrying the axles of tenders 
through or above the water-tank, whereby tne weight is brought 
near the rails, in a manner similar to that of the engines. By this 
arrangement larger wheels than usual may be employed with 
safety ; the weight of the load which the tender carries being 
brought much nearer the rails, whereby the oscillation is in great 
part prevented. 

The fourth part of the invention related to improvements in 
mounting the wheels of railway carriages, — the railway axle being 
composed of two parts, one being solid and the other tubular. The 
solid axle is made to carry one of a pair of wheels, and the tubular 
axle, which is slidden over the solid axle, or otherwise placed over 
it, receives the other wheel. The advantage of mounting wheels 
in this manner is. that they will be allowed to turn independently 
of each other. In applying the improvement to axles, as now con- 
structed, one boss is turned down, and a collar merely is left ; the 
axle is then coated with “ Paris white,” or other suitable substance, 
and afterwards heated in a furnace to a dull red heat. When in 
this state a tube or hollow axle is cast around it, — the ends of the 
hollow tube being inclosed between the boss and the collar of the 
inner axle. On the contraction of the metals, the inner and outer 
axles will, by reason of the intermediate filling substaju*, be en- 
abled to revolve independently of each pther, but vriU be in no 
danger of separating, as the collar keeps them securely together. 
When, therefore, tpe wheels are respectively secured in their 
places by the ordinary means, they will be free to revolve inde- 
pendently, and be as little liable to derangement a* if amuiWii on 
one solid axle. 
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SANITARY IMPROVEMENTS IN THE SEWAGE. 

(With Engraving*, Plate Y.) 

The importance of the sanitary question increases everyday, 
and the large extent of works which will evidently be carried out 
to obtain a perfect system of sewage make it of great consequence 
to engineers to be well informed of the most approved modes of 
construction. For this reason we have given copious extracts 
from the evidence of Mr. Austin and Mr. Phillips, before the Me- 
tropolitan Sanitary Commission, and to which we beg leave to 
direct the particular attention of the profession. > 

H. Austin, Esq., C.E., at the request of the commissioners 
made a survey of the 8urrey and Kent district of sewers, and gave 
the following evidence relative to the flat district of Lambeth, the 
Borough, and Rotherhithe, as shown in the plan, fig. 1, Plate V. 

“ There is little doubt that much improvement might be effected 
In the present system of sewage, but. it could only be carried out 
at vast expense ; and to extend this system over the whole district, 
ao as to render it general and complete, eveg/tutfter such improved 
arrangements, would not only be ruinous in cost, but the great 
evils after all would only be lessened, not removed. With a dis- 
trict so situated, nearly flat, and for the most part seyerml feet under 
high-water mark, all attempts at providing an adequate natural 
drainage, direct into the river, must end in failure. Do what you 
will, it must be a cesspool system still. A small additional current 
of two or three feet may certainly be obtained in some cases by 
lowering the outfalls to low-water mark, but the advantage of this, 
carried over a distance of two miles or more, would scarcely be 
appreciable, and could be carried out only at immense expense. It 
appears to be absolute that this artificial state of things should be 
treated artificially, and mechanical appliances brought to bear to 
lift and discharge the refuse constantly as it is produced. Inter- 
mittent drainage is somewhat more barbarous than intermittent 
water supply. It dpes seem extraordinary, that with the steam- 
engine applied in almost every useful relation of life, its adaptation 
to this great purpdie for the relief of flat districts of towns of its 
refuse and water should never have been attempted. It was very 
satisfactory to me to find, on proposing the system to Mr. Chad- 
wick, that the idea of its .practicability had already been impressed 
an his own mind, from observation as to the efficiency and small 
expense of pumping, for the purpose of agricultural drainage. We 
have ample experience as to the facility with which refuse may be 
pumped, in its application, in several instances, to agricultural 
purposes. It only remains a question as to the best arrangement 
of the drainage to realise the object in the most efficient and eco- 
nomical manner. 

The district to be drained should be apportioned into convenient 
sections or divisions, the drainage of which would be totally inde- 
pendent and distinct, converging to the centre of each division 
with any desired current, and from these centres the liquid would 
be raised by steam-engines, placed at any convenient point in con- 
nection with them by pipes. The skeleton plan (fig. 1, Plate V.) 
of the populous part of the Surrey and Kent district will best ex- 
plain my meaning, it being understood that the divisions of the 
district there represented, the position of the centre points or 
wells, and the situation of the engine power, are only assumed for 
the purpose of illustration, without at all presuming that they 
would be the most desirable to adopt. These are matters, the cor- 
rect determination of which would demand much consideration and 
study of local circumstances and arrangement. Beyond the con- 
sideration of these circumstances, the extent of each division 
would be limited only by the amount of fall that it would be ne- 
cessary to preserve to allow of a certain maximum size of drain, 
and the depth of digging that might be thought desirable. 

The most important consideration appears to be the size and 
material of the drains, and I have founded my calculations on the 
basis that the maximum size of the main outfall drains should not 
exceed a dimension that would be conveniently manufactured in 
pottery clay, so as to allow of the establishment, throughout, qf a 
complete system of pipe drainage rather than of brick sewers . I there- 
fore fix the limit of the largest drain at 2 feet diameter, that being 
a practicable size to manufacture. Taking then a perfectly flat 
area — which is the worst case for calculation — assuming a total fall 
of 15 feet from the extreme points to the centre, upon an area of 
half of a square mile or 320 acres, this will give a current of 1 in 
£50 as a minimum, and a 2-feet drain, with that fall, will be more 
than sufficient to discharge the whole refuse of the densest popu- 
lation upon that extent of surface, with an ip|«.-r»ved constant sup- 
ply of water of 100 gallons per day per W ith such arrange- 

ments, there would have to be ciiciiaieed fn.un ’’vision of 


half a square mile nearly (me million gallons per day ; but as by 
far the largest Quantity is used in the busy time, from nine to one 
o'clock, I calculate a capacity sufficient to discharge the whole 
quantity in that time. 

It would be esMntial that these drains should be capable of re- 
moving also the whole external refuse of the streets and houses. 
I assume, therefore, that the system should be capable of accom- 
modating a fall of rain equal to an inch and a-half in 12 hours, a 
good soaking quantity that would soon cleanse the whole surface 
of the streets and houses, and convey away the refuse. This 
amount being added to the house supply of water, the total quan- 
tity produced at such times in each aivision would be 200,000 cubic 
feet per hour. 

The only question for consideration ds to fall, would be to fix a 
safe limit for the total inclination of those continuous lines of the 
drainage that would have to convey the water from the extreme 
points to the centre. Having decided upon that, the rate of in- 
clination Bhould be graduated from one end to the other ; because 
the accelerated velocity of. the stream, as it would approach the 
centre outfall, would admit of considerably less inclination of the 
drainage than at the commencement ; or, on the other hand, would 
admit of a great reduction in the size of the pipes. All the col- 
lateral or intermediate branch-drains, it will be seen, would have 
so considerable an amount of fall, as to afford the opportunity of 
putting them all in of a very small size. 

The engines may be fixed in any spot most convenient and ad- 
visable, and there need be only one pumping establishment for the 
whole district (as shown in the skeleton plan, fig. 1), to which 
main pipes would lead from the several centre wells, precisely as 
wotlla be practised in raising so much water from a well at a dis- 
tance. From the engines, one or more discharge-pipes, to convey 
the whole refuge* would lead to the most convenient outlet in the 
river, as shown by the double dotted line. The arrangement here 
submitted would offer this great advantage, that the pollution of 
the whole southern bank of the river would at once be avoided, as 
the liquid refuse could, with eaual facility, be discharged at any 
spot lower down the river, where no inconvenience would arise 
from it. Bv-and-bye, when the public mind is brought to appre- 
ciate the value of this material, and to apply it to its legitimate 
purpose, instead of throwing it fcway, there would be nothing more 
required than to lay down the distributing-pipes from the engines 
in the direction of the demand. The discharge pipe would then 
serve its proper purpose fe&n waste-pipe into the river, when the 
supply of the liquid exceeded the demand for it, or it would lead 
into depositing reservoirs. 

I calculate that it would be necessary to provide four times the 
amount of steam power for the removal of the refuse during wet 
weather that would be necessary on dry days, and this is the very 
amount that would probably be necessary to raise the refuse the 
additional height required for its application to agriculture. 
Thus, in wet weather, when there would be no demand for the 
sewage manure, the whole power of the engines would be em- 
ployed in raising the greater quantity of liquid sufficiently hign 
only for its discharge from the district; and in dry weather the 
full power would be engaged in raising the smaller quantity the 
additional height necessary for its intended application to agricul- 
ture. The system would so work together very satisfactorily as a 
perfect whole. 

The cost of this improved system of drainage will not amount 
to more than one-fourth of the system now pursued in the Surrey 
and Kent district. This commission has recently given notice of 
the intended execution of works, involving an outlay of £100,000* 
to be expended in a few main lines of drainage, which, for the real 
and important purposes of sewerage — the removal of the liquid 
refuse from the nouses — will be of no earthly benefit to the inha- 
bitants, but will serve only to obstruct future improvement; 
whereas the outlay of this amount on the plan proposed would 
actually suffice for the construction of the entire street drainage, 
including every court and alley, of more than one half of the most 
populous part of the district comprised within an area of four 
square miles immediately south of the river. The perfect drain- 
age of the most crowded district on this system would cost on the 
average £2 per house, with an annual charge of 2s. per house, for 
annual expense of engine power. To repay in 30 years, with in- 
terest, the whole cost of the public or street drainage, together 
with complete private or house drainage, with stone-ware water- 
closet basin, and including the above annual charge for engine 
power, would involve a rate of 7a. per annum, or about a third of 
the annual cost of emptying a cesspool, where at all decently 
kept/* 
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Mr. Phillips, C.E., gave the following evidence as to the system 
of sewage adopted by him : — 

“ Solidity of execution in construction, economy of materials and 
labour, combined with strength to bear the lateral and vertical 
pressures of the ground, and efficiency in affording the best channel 
for quickly conveying away the sewage, are the essential requisites 
for a sewer. The circle affords the most capacious area of all 
plane figures having the same circumference, and conversely its 
circumference is less than any other figure of the same capacity. 
It, therefore, supplies the greatest capacity for receiving the 
water, with the smallest frictional surface, and the least consump- 
tion of materials. As regards strength : when the pressure from 
the ground around a circle is the same, it is equally distributed 
throughout the entire thickness composing the arch ; for, as the 
extradosal length is greater than the intradosal length, the arch 
is necessarily made up of a series of wedges all pointing to the 
centre of the circle ; hence the circular form prevents the earth 
outside of it from forcing it in, and from disturbing it, provided 
the pressure be equal, while upright walls in the same circum- 
stances would most probably be unable to withstand the pressure. 

The removal of sewage and prevention of deposit of matter in 
sewers are entirely dependent on the quantity and velocity of 
the water running through them. In order therefore to keep them 
well washed out and cleansed, the utmost scouring force should be 
imparted to the streams. A semicircular, or still narrower and 
deeper-curved channel of a semi-elliptical or catenarian form, 
concentrates the flow on a small area of friction, heaps it up, and 
so increases its velocity, and makes it more powerful in lifting, 
holding in suspension, and carrying away all matters which may 
find their way into the sewers, than a wide and flat channel. A 
sewer, therefore, having an arched crown, curved side walls, and a 
narrow and deeply-curved bottom, which, combined together, give 
the shape of an egg with the small end placed downwards , is, in my 
opinion, the best and most efficient form for all branch sewers. It 
would appear however from what has been stated, that the circle, 
from having a more capacious area and less rubbing surface than 
any other figure, is the best shape for all sewers. But this is not 
the case ; for although the surface of contact of the egg-shaped 
sewer is somewhat greater than a circle of the same area, yet by 
contracting the channel and so raising the height of the stream, 
the ratio of velocity and consequent power to scour is increased 
thereby, as will be evident on experiment being made. It is the pre- 
rogative of the egg-shaped sewer, therefore, to combine in its 
form, capacity, economy, strength, and efficiency. 

For the short collateral branches of the sewers in street, courts, 
&c., the smaller they are, (provided they be large enough to 
receive and carry off storm waters in addition to the ordinary run), 
the less chance will there be for them to choke up. In the course 
of my experience I have examined hundreds of drains, and I have 
always found small drains and sewer9 which had a moderate fall, 
and anything like a good supply of water, quite clean and perfect 
in that respect. I anticipate, indeed I confidently . entertain an 
opinion, that with a combination of the water supply and a tubular 
system of sewerage and house-drainage^ the whole of the annoy- 
ance now experienced by the public from defective drains and 
sewers may be made to cease. 

If constant currents of water be carried through the drains and 
sewers, though the currents may be small, yet provided they be 
constant and concentrated on very narrow and smooth bottoms, 
they will keep the sewers clean. Where the supply is intermittent, 
the matter discharged from the house-drains, meeting with no 
current, accumulates. In order to prevent deposit in drains and 
sewers, there must be a certain degree of velocity and force given 
to each current, so as to produce agitation equal to, or rather 
greater than the vis inertias , or weight, mass, figure, and superficies, 
of the sand, silt, mud, and other substances, to be lifted, and kept 
always moving, or united and incorporated with the running 
water, added to the friction of the bottom and sides of the channel. 

The chance of any sewer keeping itself clean is dependent on 
four things, — namely, its capacity, its form, its fall, and the 
quantity and force of tne water running through it. It is only from 
observation and experience, and the application of rules deduced 
therefrom, to the proportioning the capacity, the form, and the 
fall, as also the quantity and force of water requisite to prevent 
deposit, that we can hope to arrive at perfection in sewerage. 
From observation and experiment, I find that it requires a con- 
stant velocity of current to be running through the sewers equal 
to about feet per second, or 1 J mile per hour, to prevent the 
soil from depositing within them. 

There is less water running in the sewers on Sundays than on 


other days of the week ; and most on Saturdays. The height of 
the flow every day goes on increasing from an early hour in the 
morning until about noon, when it is highest ; it then gradually 
subsides to its lowest level. The period of the greatest flow every 
day is between 11 a. m. and 1 p. m. 

The fall of sewers should be proportioned to the quantity of 
water that is to pass through them. For, with the same fall, the 
greater the body of water the greater will be the velocity and 
scour ; and conversely, the less the body of water the less will be 
the velocity and scour. Again, a large body of water will, with a 
little fall, run with the same velocity as a small quantity will with 
a great fall. Hence the recipient of many branch sewers may have 
less fall than the branches themselves. A fall of a quarter of an 
inch in 10 feet has been considered the least fall that should be 
given to branch and summit-level sewers; but this fall is not 
enough to keep the sewers clean. No ; such sewers should, in my 
opinion, have not less fall than half an inch in 10 feet. In some dis- 
tricts it is found impossible to get even so much fall as a quarter 
of an inch in 10 feet. In districts where proper fall cannot be 
obtained, it is necessary to resort to flushing to keep the sewers 
free of deposit and clean. 

When a main stream receives a branch Stream, the united 
body of water causes the height of the main stream to increase, 
consequently the surface rises somewhat higher than the surface of 
the divided streams ; hence the water flows back, producing de- 
osits of heavy substances about the junctions, which deposits 
raw back and impede the flow of the two streams. Now, in 
order to remedy this evil, the bottom of the main sewer, immedi- 
ately below the junctions should be made some inches deeper than 
the bottoms above the junctions. By this mode of forming the 
bottoms, the surface of the main and branch streams will have a 
uniform inclination, and the acceleration of this fall will prevent 
regurgitation and deposit, and the united streams will flow on- 
wards with increased speed. 

In order to determine the depth below the junctions, it is ne- 
cessary to calculate what height the body of water falling from 
the branches will increase the stream in the main. The capacity 
of the united stream is very much less than the sum of the 
capacities of the divided streams, and the velocity in the former is 
considerably greater than either of the latter. The ratio of 
increase of velocity follows the ratio of decrease of capacity. It 
follows, therefore, that a gradually accelerating velocity takes 
place immediately below the confluence of the sewers throughout 
the ramified system from their sources to their outfalls, and such 
I have found to be the case. 

Egg-shaped sewers, varying in capacity according to the area, 
the number of houses to be drained, and the quantity of water tu 
be discharged, from 9 inches wide by 1 ft. 3 in. high, to 1 ft. 6 in. 
wide by 2 ft. 6 in. high, would suffice for sewers on summit levels, 
and also for branch or collateral sewers which had to receive the 
drainage of from one to twelve or more ordinary-sized streets. 
Of course the secondary mains which would have to carry off the 
water from these branch or collateral sewers, as well as the prin- 
cipal main lines into which the secondary ones would discharge 
j themselves, must be larger in proportion ; but under a proper ar- 
rangement, fewer principal lines would be required. 

Instead of discharging a large body of water uselessly, as to 
any power of sweep, I would, under the system of constant and 
concentrated supplies and smaller sewers, economise the water by 
using it to scour several small sewers instead of one large one. 

| For this reason I would prefer having more outlets, or at least 
more catch-water sewers, instead of discharging all the drainage 
by one large main sewer throughout, although at or near the 
outlet, I might probably be obliged to lead the whole of the water 
into one mam line ; but I should not like to part with it into a 
main line until I had made it serviceable in sweeping as many 
sewers as possible. As the keeping of all sewers thoroughly 
washed out is necessarily dependent upon an abundant supply of 
water, the principle which I have thought it best to follow tor that 
purpose is to tie and connect all the sewers together upon a uniform 
system of levels so as to use the water running along sewers on 
Kigh levels for washing out those on low levels. For this purpose, 
as will be seen by the plans, (Plate V., figs. 2, 3, and 4), 1 would 
connect the heads of adjoining sewers below with the superior 
sewers above them, and arrange the connections so that, as the 
currents of water running along the latter sewers arrive opposite 
the connections, they may divide and subdivide themselves by the 
ridges or groynes formed by the meeting of the inverts. By this 
means the water would traverse from one sewer to another, and so 
keep up a perpetual flow throughout the entire System. There 
can be no doubt that with much smaller sewers than those now Mi 
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use, and a more regular and abundant supply of water, the sewers 
would, by this system of arranging them and economising the 
currents, keep themselves thoroughly clean. 

All head sewers, from want of backwater, have a tendency to 
choke up, and their ventilation is also very bad, consequently there 
should be as few of them as possible. 

The general surface of the metropolis, on the north side of the 
Thames, is most admirably situated for being efficiently drained, 
as the ground continues to rise with an easy acclivity from the river 
to the hills some miles to the northward. The surface is divided 
into several natural areas, each of which has its main outfall sewer 
running through the lowest level of the valley, and discharging 
into the Thames, and into these main or valley sewers the whole 
of the sewers on the sides of the declivities discharge themselves. 
This mode of drainage is a very objectionable one, and should 
never be resorted to if it be possible to avoid it. The declivities 
of all natural areas are generally in two directions, namely, trans- 
versely towards the valley line, and longitudinally towards the 
outfall. Now, if attention be paid to the levels, and the sewers 
an the sides of the djbolivities be judiciously arranged, a perpetual 
circulation of water fray* be kept flowing throughout the whole of 
them from the sewer on. the summit at the head of the natural 
area to the outfall in the. river ; that is to say, a system of col- 
lateral or concentric sewers should rise one above another from 
the valley line to the ridge, or water-shed line of the district ; each 
collateral sewer skirting the entire area, and discharging itself 
into the river by a separate outlet, or in the manner previously re- 
ferred to. It will be seeh that, when the sewers running trans- 
versely are connected at their upper and lower ends on the same 
levels with those running longitudinally, a facility is afforded for 
the drainage to circulate" from the highest sewer to the one imme- 
diately below, from this to the one next lowest, and soon through- 
out. 

Mr. Phillips proposes fourteen graduated forms of branch se- 
condary and principal main lines of sewers of the egg-shape for 
the drainage of a district in which the sewers and the water supply 
are under one and thePsame authority. Fig. IS, Plate V., shows the 
form of one of the sewers together with the radii of the several 
curves. 
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Much caution is required in the building of sew ers in a clayey 
soil ; otherwise, from the treacherous character of this ground — 
its liability to expand and slip, — the sewers may be forced in. 
The thickness of a sewer should be proportioned to the nature of 
the ground and the pressure it has to bear ; but its stability is very 
much dependent on the goodness of the workmanship. A half- 
brick’ sewer, under ordinary circumstances, will, if executed well 
and soundly, the joints made thin, and the sewer worked true to 
the curife, be quite strong enough, and would be found to answer 
every required purpose. The thicknesses depend upon the ma- 
terial and strata. The equilibration may be altogether destroyed 
by a want of uniformity in the working of the curve. The greatest 
pressure of the ground acts laterally from the sides downwards. 
Much of this pressure may be prevented by leaving in the trench 
from the surface downwards short lengths of earth, say of 10 to 
20 feet, and about 50 to 80 feet apart, to be tunnelled through for 
the sewer to pass. These benchings, as they are termed, will keep 
the sides of the trench from sinking and slipping, and so from 
pressing against the sides of the sewer. 

The smoother the surface the less will be the friction, and con- 
sequently the greater will be the velocity and discharge ; and the 
friction m a glazed pipe must be considerably less than in a brick 
drain, as commonly onilt. I am not prepared to say that the 
friction would be diminished so much as one-third ; I think not so 
much. The smoothest glass pipes throw off transverse motions 
which greatly impede the flow. There is a difference in the flow 
of pure clean water and of sewage water ; the latter moves more 
sluggishly. This is caused by its being thicker and more viscid, 


from having matter chemically combined and mechanically sus- 
pended in it. 

As the velocity increases, so does the transverse section of the 
area occupied by the stream decrease. This is a natural law ob- 
servable in all moving streams, for we see that in a moving mass 
of water the discharge is the same, whatever form and size the 
channel may assume, the velocity being greater where the channel 
is narrow and deep, and less where it is wide, flat, and irregular ; 
but the exact ratio of decrease of area, from decrease of friction 
aud increase of flow, can only be determined by actual experiment 
and by taking into account all the attendant circumstances which 
influence and govern the motion of the stream. 

Have you at all considered the capacities of sewers necessary for 
draining different areas of ground? — Yes, I have given the subject 
much attention. If the consideration of the sizes of sewers was 
confined solely to the carrying off the water supplied by the several 
water companies, then I apprehend that pipes somewhat larger in 
size than tne supply-pipes tnemselves would suffice ; but provision 
has to be made for receiving and conveying away the waters of 
heavy rains. In London continuous heavy falls of rain are not of 
long duration, lasting seldom more than from one to four hours. 
About one-fifth of the quantity that falls is absorbed partly by the 
dryness of the surface of the roofs, the paving, ana the ground, 
and partly by the porosity of the ground itself. A farther propor- 
tion is also prevented from flowing to the drains and sewers at all 
by hollows in the surface, and again reascends into the atmosphere 
as vapour. There is also a small quantity that enters into the 
composition of animal and vegetable bodies. Then there is the 
resistance the flow experiences from the friction of the entire sur- 
face, being accelerated or detained in proportion as the surface is 
more or less inclined. To provide for the discharge of a fall of rain 
of two inches in depth has been considered by Mr. Hawksley, C.E., 
the extreme datum upon which to proportion the capacities of 
town sewers generally. Now I believe that, practically, the sizes 
in his table, although they may appear theoretically correct, are 
(excepting for the smallest sizes) too large for sewers in London. 

It is extremely violent rains alone that produce a depth of two 
inches per hour, and such rains occur only once in tour or five 
years, if so much. I am of opinion that it is unnecessary to pro- 
portion the sizes of the sewers to meet an extraordinary occurrence 
that mav probably happen only once in so many years. My reason 
for not tearing any serious damage from an excess of rain at remote 
intervals being provided for in surface channels, excepting, per- 
haps, in situations peculiarly liable to inundation (for instance, at 
the foot of a long or steep declivity, or where the waters may, 
from any cause, be suddenly congregated at one focus) is, that I 
have observed, that in towns entirely destitute of underground 
drains, no such inconvenience is felt as would justify the formation 
of enormously large sewers, or the expenditure oi large sums of 
money to provide against it. In August 1846, a most extraordinary , 
fall of rain occurred in London. The storm lasted nearly two 
hours, and from the best information I have been able to obtain, 
the depth of rain amounted to about four inches. Much damage 
resulted therefrom, by the water in the principal main lines situate 
in the valleys flowing up the drains ana branch sewers, and inun- 
dating the rooms and cellars below its level by the influence of its 
pressure. The inundation of lands and the damaging of property 
in the valleys could not happen if there were parallel catch-water 
lines of sewers on the sides of the declivities to convey the drainage 
into the river by separate outlets. The average fall of rain in 
London is about 22 inches in a year, or about 26 inches in depth 

er thousand hours. Now after observing and calculating the 

epths of different falls of rain in London, it appears to me that if 
the sewers were of sufficient capacity to receive and discharge, m 
fast as it falls, a quantity of water equal to the produce of a fall of 
rain of one inch in depth per hour , they w ould be found large enough, 
and that more particularly if they w ere built on the intercepting 
or catch-water principle, and so as to communicate with each other, 
end all be filled with running water at the same time. The steps 
to be taken to proportion the capacities of 6ewers to receive ana 
convey away the waters of heavy rains should, I think, be as fol- 
low, although I fully admit our present knowledge of the subject 
to be very fiementary : — 

To ascertain the number of superficial yards or acres to be drained 
by each sewer separately ; progressing in a uniform gradation from 
the entire natural area to be drained by the largest outfall sewer, 
to the small tract of land to be drained by the least sewer on the 
summit. Taking the hourly fall of rain, therefore, upon one acre 
at one inch in depth, we must provide for the discharge of a quan- 
tity of water = 3630 cubic feet per hour, or one cubic foot 

nearly per acre per second. Then taking into account the loss 
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from absorption, the detention from friction, and otherwise, that 
quantity might be reduced to four-fifths of a cubic foot, but as the 
carrying off the waste water of the entire of London must be pro- 
vided for at the same time, one cubic foot may, I think, be con- 
sidered as the datum upon which to calculate the capacities of 
sewers sufficient for conveying away that quantity of water per 
second multiplied by the number of acres to be drained. The 
quantity of rain-water draining from an acre of ground in one 
second of time may be determined by first ascertaining the exact 
area of surface drained by some large main sewer ; ana, secondly, 
during the time of the storm, the quantity of water passing through 
the sewer in one second ; then the number of cubic feet of water 
discharged, divided by the number of acres drained, will give the 
number of cubic feet of rain draining from the surface of each acre 
per second. 

The area of surface that a sewer will drain, and the quantity of 
water that it will discharge in a given time, will be greater or less 
in proportion as the channel is inclined from a horizontal to a ver- 
tical position. The ordinary or common run of water in each 
sewer, due from house drainage alone, and irrespective of rain, 
should have sufficient velocity to prevent the usual matter dis- 
charged into the sewer from depositing. For this purpose it is 
necessary, as I have previously observed, that there should be in 
each sewer a constant velocity of current equal to 24 feet per 
second, or if mile per hour. The inclinations of all rivulets, 
brooks, streams, and rivers gradually and proportionally diminish 
as they progress from their sources to their outfalls. In propor- 
tion as the inclinations diminish so does the quantity of water in- 
crease. If the inclinations were the same throughout, the velocity 
of the united stream at each confluence would increase in nearly 
the same ratio as its quantity, or equal to the sum of the previous 
velocities of the recipient and the feeder, and thus would the velo- 
city ultimately become so very impetuous as to tear up and sweep 
awav the materials of its bed, and cause destruction along its banks. 
If the force of the waters of the river Rhone were not absorbed by 
the operation of some constant retardation in its course, the stream 
would have shot into the Bay of Marseilles with the tremendous 
velocity of 240 feet in a second, or 164 miles every hour ; and even 
if the river Thames met with no system of impediments in its 
coursej the stream would have rushed into the sea with a velocity 
of 80 feet per second, or 544 miles in an hour. The result, how- 
ever, of the operations of nature is a compensation for the increased 
body of water by a diminution of the inclination of the bed, and so 
an economising of the force of the gradually accumulating current. 
The inclinations of the sewers of a natural district should be made 
to diminish from their heads to their outfalls in a corresponding 
ratio of Degression, so that as the body of water is increased at 
each confluence, one and the same velocity and force of current 
may be kept up throughout the whole of them. 

In some situations I would build side entrances to a tubular sys- 
tem of sewers ; but I believe their use, in some degree, might be 
superseded. Means of access to the sewers, so as to be able to get 
at and remove accidental obstructions, would readily suggest them- 
selves. A shaft, having a strong moveable grating on top, could be 
built over the sewer, with ladder-irons built in the angles, to admit 
a man to go down and up, with a recess at the bottom on one side 
to give room. This shaft may be also made to serve as a ventila- 
tor. (See figs. 6 and 6, Plate V.) 

OuUy Drain *, — I have constructed gully drains with terro-me- 
tallic and glazed stone-ware pipes of 6 inches and 9 inches diameter, 
as shown in figs. 7, 8, 9, ana 10. I was led to recommend the 
adoption of this mode of construction from the following causes : — 
In passing through the sewers I found lying opposite the vents of 
a large number of the gully drains heaps of stones, and all kinds of 
streets refuse, which it was utterly impossible for the water to re- 
move. The dams thus formed caused the sewage to accumulate 
behind them, and the noxious effluvia evolved from the decompos- 
ing matter escaped into the streets by the gullies, and occasioned 
much of the annoyance felt by passengers. The best remedy for 
this evil appeared to me to be to prevent the stones and street re- 
fuse from passing into the sewers, t • build the drains so that they 
would not choke up, and to prevent the emission of foul air from 
the sewers into the streets by the gullies. We have accomplished 
these things most perfectly^ by reducing the width of the spaces to 
| inch between the bars of the gully grates, by constructing the 
drains of the form shown by the section from the gully to the 
sewer, and by fixing at the vent an air-tight cast-iron valve or flap, 
hung with shackles, as diown in figs. II and 12. A grating of 
trems-work or cullender is placed under the top grating, at the 
bottom of the box, for the purpose of catching small stones and 
rubbish that may pass between the bars of the grate above, and so 


to prevent them from falling into choking up the sewers. I 
have not, as vet, made U96 of the lower grating, but probably, I 
should be inauced to do so in connection with a tubular system of 
sewers, as it is important to keep large and heavy substances and 
refuse out of the drains and sewers. 1 may state that as a proof of 
the efficacy of the foregoing mode of constructing the gully-drains 
with the improved grate, the labour and expense of cleaning, not 
only of the gully-drains, but of the sewers as well, is now, com-, 
paratively speaking, nothing compared to what they used to be, 
and I confidently entertain an opinion that the labour and expense 
will be still less and less.” 

Mr. Phillips has just produced his report on the improvement of 
the drainage of Westminster, and which has been printed. This 
document is of great importance, and we are pleased to see that 
most of our suggestions on this subject have been adopted, parti- 
cularly with reference to turning part of the drainage into the 
Regent Street Commissioners* Sewers. Mr. Phillips proposes to 
divert the high level streams to a station at the east end of Dun- 
cannon-street in the Strand, to bring the Westminster drainage to 
the same station, and to apply the natural power thus to be ob- 
tained to work two water-wneels of the nftfst approved construc- 
tion, with revolving buckets and plunger-pumps attached, to lift the 
drainage from the well or receiving reservoir below, and discharge 
the same into channels communicating\with the upper stream on a 
level with high water, beyond the tail of the wheels. The sewage 
will then be carried under the side-bed of the river into low-water 
stream. 

Below we give a summary of Mr. Phillips' estimates, which make 
a total of £28,874 14s. 


Summary qf ike Aiimaiet, 
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£25,067 
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Estimate for buildiag a Gullt Drain, average length 20 feet. 

£ a. d. 

Six cubic yards Digging, &c., at Is. 6d 0 9 0 

Twenty feet run of 4 in. Pipe, at 8fd 0 14 f 

Gully Grate (about 14 cwt.) including bedding and 

fixing 0 16 0 

Total .. .. £1 19 2 

About 400 Gully Drains will be required, which at, say 2/. each, amounts 
to £800 0 0 

Estimate for building a Sewer along Pall-Mall-East, Trafalgar-sqnare, Dun- 
can non -street, Strand, and Villiers-street, for diverting the Western and 
Eastern branches of the Hartshorn-lane Main sewer, — being a length of 
2,230 feet, at 18s. per foot £2,007 0 0 

Estimate for Two Watbr Wheels, with complete Liftujg Machinery 
attached, and including all necessary work. 

£ a. d. 

Brickwork — say 40 rods at 10L . • . . •• 400 0 0 

Two Water Wheels, at 2001. 400 0 0 

Lifting Machinery — say •• 200 0 0 


Total .. £1,000 0 0 


REFERENCE TO ENGRAVINQ9, PLATE V. 

Fig. ft.— Section of Shaft on A A. 

Fig. 8.— Plan of Shaft. 

Fig. 7.— Section of Gully Drain from Grating to Stwar. 

Fig. 8.— Plan of Gully and Grating. 

Ftg. 9.— Transverse Section of Gaily and Grating on A B. 

Fig. 10.— Longitudinal Section of Gully and Getting on C D. 

Fig. 11.— Section of Drain and Flap at Vent. 

Fig. 12.— Front View of Flap. 

Fig. IS.- Mode of Striking Che Coma. 
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ON THE MOTION OF WATER. — By Guido Grandi. 

Translated by E. Cresy, Esq., in bis Evidence before the Metropo- 
litan Sanitary Commissioners . 

Our author has taken considerable pains to construct a parabolic 
table, given in his work (Book 2, cap. 5) ; by a reference to which 
much labour will be savea by those who desire to make similar in- 
vestigations ; he thus describes it : — 

“ This table is divided into three columns. The first containing 
a natural series of numbers from 1 to 1800, representing equal 
parts, as inches or other measures. These numbers are the heights 
from which the water falls. The second column contains the roots 
of the opposite numbers in the first, and expresses the velocity of 
the water* corresponding to the height in the first column, in inte- 
gers and decimals : when the root is somewhat greater than the 
truth, the sign 4- is prefixed, and when less — . The third column 
contains the product of the first and second, and must be read off 
as exceeding or falling short of the truth, according as the sign + 
or - is prefixed to its second factor. 

It is clear that if the numbers of the first column express the 
height of a parabola, the numbers in the second will be its ordi- 
nates when its latus rectum , or parameter, is 1 ; or at least, they 
will be proportional to the ordinates in subduplicate ratio of unity 
to. the latus rectum of a given parabola, and the numbers in the 
third column will be the rectangles circumscribing the parabola 
which has unity for its latus rectum , and will be moreover propor- 
tional to the area of the parabola, which is always f rds of the cir- 
cumscribing rectangle. 

I f the parabola has 2 £ for its latus rectum in terms of the first 
column, all its ordinates are to the ordinates of the parabola of 
the same height, having 1 for its latus rectum , in subduplicate 
ratio of 2j to 1, that is, as to 1, or as the circumscribed rect- 
angle to the parabola, it is clear that the parabola whose latus 
rectum is 24 will be equal to the rectangle which circumscribes the 
parabola whose latus rectum is unity ; but such a rectangle is equal 
to the product of the base by the height, which is tne number 
opposite in the third column, therefore the numbers in the third 
column express the area of a parabola whose latus rectum is 2^, and 
is proportional thereto when the latus rectum is any other quantity. 

Moreover, since the numbers in the first column express the 
height of water standing in a vessel, or the distance of each par- 
ticle of running water above its base, and the numbers in the 
second column representing the velocity caused by such a height, 
the numbers in the third column express the quantity of water 
which will issue through such a width in a given time, through a 
hole or section whose height would be equal to the whole distance 
from the surface of the water or origin of the river, and the base 
of such a section as the number in the first column. 

The difference of numbers of the third column will be the 
quantity of water which escapes in an equal time through a hole 
or section of equal breadth, and of a height equal to the difference 
of the corresponding numbers of the first column. 

By adding two or more numbers together of the third column 
we shall have the sum of the quantity of water carried in a given 
time through several canals of the same width, whose sections corre- 
spond to the numbers of the first column ; and in the aggregate 
of such numbers, or the nearest thereto* in the third column will 
correspond to that number in the first, which indicates a height 
capable of comprising the channels united, as will be better under- 
stood by the following examples : — 

1st. Given two streams, the breadth of the first of which is L = 
760 feet. The velocity of the surface B E corresponding to the 
fall A B of 1 foot (which, according to Guglielmims table is equiva- 



lent to 216 feet 5 inches per minute, that is, 3£ feet in a second, 
or 2$ miles per hour), the height of the surface B C = 30 feet, 
whence A C 31 feet ; then the whole parabola A E D C, according 


to the third column of our table opposite 31 feet, will be found 
7175*88, from which subtracting the parabola A E B, which is 
found in our third column to be 41*52, the parabolic trapezium 
B E D C will be 7134*36, and this will be the scale of the velocity 
of the section B C, which multiplied by the breadth L gives a 
quantity of water = 542211360. 

The second stream having a width M = 139 feet, its superficial 
velocity will be G K, depending on the height F G, 8 inches 
(which gives, by Guglielminfs table, a velocity of 176 feet in a 
minute, rather less than 3 feet in a second, and 2 miles 56 perches 
in an hour). The height of its surface G H is 11 feet, and con- 
sequently F H 11 feet 8 inches, corresponding in our third column 
to the value of 1656*20 for the parabola F K I H, from which sub- 
tracting the parabola F K G, which our table gives opposite 
8 inches as 22*64. there remains the trapezium GKI H 1633*56, 
which is the scale of the velocity of the second stream, which, 
multiplied by the width M, gives the quantity of water passing in 
a given time through this river = 227064*84; whence the two 
quanties carried by both the rivers will be 5649178*44. Supposing 
they flow together, without increase of velocity, BE = OR; and 
let the height O P, at which the united water runs, be the unknown 
quantity, then since O N = B A through R, and with the axis 
N P, describe the parabola N R Q P, the truncated parabola 
ORQP will be the scale of the velocity of the united rivers, 
which multiplied by L = the sum of the two quantities = 
5649178*44, which divided by L gives a quotient 7433*13 = the pa- 
rabolic trapezium ORQP and adding the parabola NRO = 
41*52, we shall have the parabola N R Q P = 7474*65, the nearest 
number to which in the table is 7464*28, corresponding to a height 
of 31 feet 10 inches. This number sought being rather more than 
the tabular value, it will be found by proportional parts that 4 
must be added. Therefore N P =: 31 feet 10^ inches and O P = 
30 feet 10^ inches ; therefore the union of the streams raises the 
level B C 10^ inches. 

But if, at the conflux of the rivers, the velocity B E augments, 
becoming O R, so that the height N O depending on it exceeds 
A B bv 1 inch, the parabola NOR, corresponding to a height of 
13 inches, will equal 46*93, which, added to tne trapezium ROPQ, 
found previously to be 7433*13, we shall have the total parabola 
N R Q P = 7480*06, the nearest number to which, 7464*28, corre- 
sponding to 31 feet 10 inches ; but since this is rather too little, we 
must add $ for the proportional part of the difference, whence N P 
= 31 feet 10^ inches ; from which N O = 1 foot 1 inch being sub- 
tracted, there remains O P = 30 feet 9^ inches, making the total 
increase in this case 9^ inches. 

But if we suppose with Guglielmini, and which is not impro- 
bable according to actual observation, that the scale of a velocity in 
a given section is an entire parabola and not a truncated one, the 
velocity, as in the case of vessels depending only on pressure, 
whence the surface alone acquires velocity when it is communicated 
by the lower water which transports it, the calculation will then be 
more quickly effected. Wherefore A C = 30 feet, the height of 
the first river, and F H = 11 feet, height of the second. The 
parabola AEDC = 6829*20, in our table, which, multiplied by 
the width L 760 feet, gives for the quantity of water 5190192*00, 
and the parabola F I H = 1516*68, which multiplied by the width 
M = 139 feet = 210818*52, whence the sum = 5401010*52, which, 
divided by the width L, gives, when the velocity of the surface is 
not increased, the parabola N Q P = 7106*59, corresponding to a 
height of SO feet 10 inches, corresponding in the table to the number 
7118*80, which is rather more than the preceding; wherefore 
the rise will be 10 inches. 

Then if the velocity of the two rivers increases at their con- 
fluence, the height will be reduced in the reciprocal ratio of that 
velocity ; so that if the velocity be increased y^, the height will 
be reduced to 304 feet, that is, the increase will only be about 
6 inches ; if the velocity increases the height will be 29 feet 
8 inches ; so that the height, in place of increasing, will actually 
be reduced about 4 inches by tJie union of the two streams ; so 
likewise the height 30 feet, will remain precisely the same when 
the velocity is increased by since 37 : 36 ; ; 30 feet 10 inches ; 
30 feet. 

Example 2. — The influent C B D R in a given point of its bed 
has the height O H, having a free influx into the recipient R M, 
when it is low, and its superficial velocity in H is what would 
correspond to a height A H of 4 feet. Then, raising the level N S 
of the recipient, regurgitation follows through the level of the 
influent. It is required to find the increase in the height O H = 7 
feet ? Suppose it to increase as far as Q, draw the parabola A K R, 
with its ordinates H Y, Q K ; let O S, cut off by the prolongation 
of the level of the recipient, = 3 feet ; the whole height A O wifl 
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be 11 feet, and by the table the parabola A O R = 151668 ; the 
other, A H Y, 4 feet high, will be 332*64 ; whence the trapezium 
H YRO will be the scale of the velocity, and the quantity of 
water passing in a given time through the section HO— 1184*04. 
If the parabola S P O be 3 feet high, its value in the table = 
216*00 ; then the parabolic trapezium Q K. Y H, being equal to the 
aforesaid parabola S P O, will be 216*00, which substituted f rom the 
total value of A H Y, there remains the parabola A QK = 116*64. 



1 his number not being precisely to be found in our table, find the 
next highest, ^117*60, which corresponds to a height of 2 feet; 
whence we arrive at the conclusion that the regurgitation at the 
point O has raised the water 2 feet more than the first, supposed 
t o be 4 feet.” 

To facilitate the practical application of the principles con- 
tained in Grandi's proposition, the following rules will be found 
convenient : — 

The height and width of the section of both the influent and 
the recipient being given in each case and their velocity being equal. 

1. When the velocity of the united streams is tne same with 
that of each separately, to find the increased height of the united 
section. 

Find in the table the parabolic value in the third column corre- 
sponding to the given height of the recipient in the first. Multiply 
this value by the given width. Perform the same operation for 
the influent, we shall then have obtained the quantity of water 
brought down by each. Add these two quantities together. Divide 
their sum by the width 8 of their united section, which may be 
either that of the influent, or of the recipient, or greater or less 
than either. Find the quotient obtained by such division in the 
third column of the table, opposite to it in the first will be found 
the height of the united sections. 

2. When the velocity of the united streams is increased, to find 
the height of their united section. 

Divide the height found by the preceding rule by the number of 
times by which the velocity is increased, the quotient is the height 
of the united sections. 

3. When the velocity of the united streams is diminished, to 
find the height of their united section. 

Multiply the height found by our first rule by the number of 
times by which the velocity is diminished, the product gives the 
required height. 

4. When the height of the united streams remains the same, to 
find their increased velocity. 

Divide the height as found by the first rule by the original 
height, the quotient will give the increased velocity. 

5. When the height of the united streams is increased, to find 
their velocity. 

Divide the height found by the first rule by the increased height, 
the quotient gives the diminished velocity. 

6. When tne height of the united streams is diminished, to find 
their increased velocity. 

Divide the height found by the first rule by the diminished 
height, the quotient will be the increased velocity. 

To exemplify these rules a small table is subjoined, constructed 
from Grandi's data, that is, supposing a stream 760 feet wide and 30 
feet high to receive successively 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 
similar influents. The first column contains the number of influ- 
ents ; the second, the height caused by the addition of these suc- 
cessive streams as calculated by our first rule, that is, supposing 
the velocity to remain the same ; the third column shows the in- 
creased height found by Gennet£, the original height, 30 feet, being 
here increased by the addition of i, , 3 g , &c. The fifth column 
shows the increased velocity requisite to produce the height shown 
in the third ; thus supposing a stream 760 feet wide and 30 feet 
high to receive two other similar streams, the increased height, 


according to Gennetd, will be 30 feet 7*6 inches, and to produce 
such a height the required velocity will be 1*97233. Either of 
these numbers is deducible from the other by one of the preceding 
rules ; thus, supposing the height 30 feet 7*6 inches to be given, 
and the velocity to be required, by Rule 5, dividing 62 feet 4*6 
inches by 30 feet 7*6 inches we obtain a quotient of 1*97233. 
Supposing, on the other hand, the velocity 1*97233 to be given, we 
obtain the height by Rule 2, since 62 feet 4*6 inches 1*97233 
= 30 feet 7*6 inches. The fourth column shows the increased 
velocity required to maintain a constant height of 30 feet, and is 
found by Rule 4. 


No of 
Stream*. 

Increased Height 
tor a Constant 
Velocity. 

Height as given 

by 

Genuetl. 

Velocity to 
maintain a Con. 
slant Height. 

Velocity to pro- 
duce Gennetl’s 
Height. 


Ft. 

In. 


Ft. 

In. 




1 

30 

0 

0 

30 

0 

0 

• • 

• • 

2 

47 

7 

6 

30 

3 

9 

1*58475 

1*34203 

3 

62 

4 

6 

30 

7 

6 

2*07916 

1*97233 

4 

75 

8 

0 

31 

3 

0 

2*52222 

2*42133 

5 

87 

8 

0 

31 

10 

6 

2*92222 

2*75032 

6 

99 

1 

0 

32 

6 

0 

3*30277 

3*04897 

7 

109 

10 

0 

33 

1 

6 

3*66111 

3*31572 

8 

120 

0 

0 

33 

9 

0 

4 00000 

3*55555 

9 

129 

9 

0 

34 

4 

6 

4*32500 

3*77454 

10 

139 

2 

0 

35 

0 

0 

4*63888 

3 97618 

11 

148 

5 

0 

35 

7 

6 

4*94722 

4*66081 

12 

157 

3 

0 

36 

3 

0 

5 23333 

1 

4*33793 


It is found that the several increments of either height or velo- 
city are as the ordinates of a parabola whose axis is divided into 
the same number of parts as there are required velocities. Hence 
an elegant method of finding the intermediate heights or velocities 
when the two extremes are given. Suppose, tor example, we 
require to find the several heights indicated in our first column. 
Find the height required for twelve streams by our Rule 1. Draw 
A B, and from a scale of equal parts set off 157 feet 3 inches from 



A to C, at A erect a perpendicular A D to A B, and set off twelve 
equal parts thereon, and draw through the points 1, 2, 3, &c., 
lines parallel to A B, on the parallel I E. set off the first height 
30 feet from the same scale as A C. Then by Rule 1 find the 
height of any one of the intermediate streams, as 6, and set it off 
from 6 to F, then through the points E, F, C, describe a parabola, 
the portion cut off on each ordinate by the curve will be the 
several numbers given in the table as measured by the scale from 
which I E, 6 F, and A C were taken ; the absciss© 1, 2, 3, &c., 
may be set off by any scale, providing they are equidistant, and 
according as they are wider or narrower, will the parabola in- 
crease or diminish its curvature. It is evident that in the case of 
100 additional streams the labour of calculation will be materially 
shortened, as no more than three values need ever be found arith- 
metically. 

In like manner either of the other values shown in our table 
may be represented parabolically. Column 5, for example, by 
setting off 1*34203 on I E, 4*33793 on A B, 3*04897 on 6 F, and 
describing a parabola through those points. 
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BLACKWALL RAILWAY MACHINERY. 

Description of the Machinery erected by Messrs . Mandalay, Sons , 
and Field , at the Minories Station, for working the London and Black - 
wall Railway . By Andrew John Robertson. — (Read at the 
Institution of Civil Engineers). 

The London and Black wall Railway is about 3} miles in length, 
and is worked by stationary engines of the estimated force of 
448 H. P. and 280 H. P.,* at the London and Blackwall termini re- 
spectively : the carriages being attached by grips to a rope, which 
is wound off and on to large drums situated at each extremity of 
the line. The greater power is required at the London station, in 
consequence of there being a total rise in the railway, in this direc- 
tion, of between 60 and 70 feet (average 68 feet) ; the steepest in- 
clination being 1 in 100. There are seven intermediate stations on 
this line; the Poplar, West India Docks, Limehouse, Stepney, 
and Shadwell stations, communicate with the Fenchurch-street 
terminus ; whilst those of the Minories, Cannon-street, Shadwell, 
and Stepney, communicate with the Blackwall terminus. This 
arrangement is effected by appropriating a separate carriage from 
the termini for each intermediate station, communicating with the 
same ; these are detached whilst the trains are moving, and by 
means of breaks they are stopped at their respective destinations ; 
as soon, however, as the terminal train arrives at either end of the 
line, and the rope ceases its motion, these intermediate carriages 
are attached to the rope, whilst it is in a state of rest ; so that 
when the engines are again started, the carriages are also simul- 
taneously set in motion, and arrive successively at the termini, in 
the order and at intervals corresponding with the position of the 
places from which they started ; as they arrive they are released 
from the rope, though in motion, by the sudden withdrawal of the 
grip iron, and then their momentum carries them forward to their 
proper places in the station. It will be perceived, that the inter- 
meaiate traffic is by this means provided for, without causing any 
detention to the through trade. 

The peculiar mode of working the line, and the circumstance of 
so many carriages being attached to the rope at different places, 
rendered it absolutely necessary to provide some quick and certain 
system of signals between the termini and the intermediate 
stations. These objects being deemed attainable by means of the 
electric telegraph, that system was adopted, although it was of 
greater extent tnan any wnich had been previously tried, and it 
was executed by Mr. Cooke, one of the patentees. The telegraphic 
wires are inclosed, for security, within welded iron pipes, with 
screwed joints like gas pipes ; there is a duplicate set of such wires 
and pipes, in case of one set being accidentally fractured. One 
pipe runs along each side of the rauway throughout its length. 

The machinery at the London end, for working the railway, is 
situated at the Minories station. The carriages in coming towards 
London are disconnected from the rope, a little before they arrive 
at the Minories, and they perform the rest of the journey to the 
terminus in Fenchurch-6treet by their momentum. The upward 
inclination of the rails at this place is 1 in 150. 

When the down-train leaves the terminus in Fenchurch-street, 
it descends the incline to the Minories by its gravity, where it is 
stopped by the breaks, to allow of the passengers being received at 
that station, and to permit the attachment of the rope ; there the 
train remains for a snort time, until signals have been received by the 
electric telegraph, from each of the intermediate stations, that the 
carriages are ready for starting, and are properly attached to the 
rope, in the manner already described. It being thus known at 
the Minories that all is ready, the signal for starting is sent from 
thence to Blackwall ; the engines there are then put in motion 
and begin to draw the rope with all the carriages towards Black- 
wall. 

At the same time that the down-train leaves the Minories, the 
up-train leaves Blackwall, the arrangements being similar to 
those above described. The train runs by gravity from the Black- 
wall station to beyond the engine-house, where it is stopped by the 
breaks, in order to attach it to the rope, and as soon as signals 
have been received at Blackwall, from each of the intermediate 
stations, that all is ready, the signal for starting is sent from 
Blackwall to the Minories, and the engines there are put in motion, 
and begin to draw the rope and all the carriages towards London. 
The machinery at the Blackwall end is situated a little way along 
the line from the terminal station ; the distance from thence to 
the place where the carriages going to Blackwall are disconnected 

• i he nominal power of these engines Is, *24 horse- power for each jalr at the 
Minories t and 140 horsepower for each pair at Blackwall. There are duplicate 
oigines at each station, making 448 horse- power at the Minories, and 280 hofe-se power at 
Blackwall. 


from the rope, being somewhat farther from the station than the 
engine house, and the carriages run that distance by momentum, 
in the same manner as at the London end ; the rise towards the 
Blackwall station being there also 1 in 150. During the winter 
the railway is worked from half-past eight o'clock in the morning 
until nine at night ; and in the summer, from eight o'clock in the 
morning until ten at night. A train leaves each end every quarter 
of an hour (giving in winter 51 trains^ and during the summer 
57 trains per day). The whole time occupied in passing between 
the termini is thirteen minutes ; but the engines are at work only 
from eight to nine minutes. The engine-house at the Minories is 
situated beneath the railway. It is 48 feet long by 72 feet wide, 
and the extreme length, into the recess in front of the drums is 
69 feet. The rails are carried over the machinery on cast-iron 
girdera, which are supported at two intermediate points by cast- 
iron pillars. The flooring over the engine-house is carried in like 
manner upon girders. 

Beneath each line of railway there is a large drum for the rope, 
and on the axes of each drum is a mortice spur-wheel, which 
is driven by another iron spur-wheel of larger diameter, on a pro- 
longation of the axis of the cranks of the steam engines; the pro- 
longation forming a line of shafting which extends all across the 
engine-room, with a pair of engines at each of its extremities. 
Oiuy one pair of engines is worked at a time, the other pair being 
disconnected at the cranks. Under ordinary circumstances, one 
pair is worked for about six weeks, and then the other pair for a 
similar period ; the object being to secure the traffic from interrup- 
tion, by having a duplicate pair of engines always ready to be con- 
nected at all emergencies and in case of any accident happening to 
the other pair, as well as to give time for the ordinary cleaning 
and repairing of that pair of engines which is not at the time in 
use. W hen one pair of engines is connected to the axis of the 
two larger spur-wheels, the other part must be disconnected from 
it. This is done by removing the pin of the crank on the extre- 
mity of the said axis, and also removing the drag-link, by which 
that pin is connected with the pin of the engine-crank, on which 
latter pin the connecting-rod is jointed. The rope on one line 
must be wound up round its drum, whilst that on the other line 
is allowed to unwind from off its drum, so that the two drums will 
revolve in contrary directions. The trains travel alternately 
backwards and forwards on the same line of rails, instead of one 
line of rails being always travelled over in one direction and the 
other line in the contrary direction, as is the case on other 
railways. For instance, if the first train in the morning goes 
down from London to Blackwall along the north line, the second 
train down in the same direction will go along the south line, and 
the third train down along the north line, and so on. One end of 
each rope is wound around one of the drums at the Minories, and 
the other end of the same rope around a corresponding drum at 
Blackwall ; and whenever one of those drums is turned round by 
its engines tor winding up that end of the rope, the drum at the 
other end of the same rope must be disconnected, and left free to 
turn round as the rope is pulled off it. This requires some ready 
means of disengaging either of the drums from the engines, 
which is done by withdrawing the pair of spur-wheels from each 
other until their teeth become disengaged. The plummer-blocks, 
in which the two ends of the axes of each of the drums revolve, 
are mounted on rollers, and are capable of being moved horizontally 
by screws, until the spur-wheels are out of gear. The two screws 
for the plummer-blocks of the same drum, are moved simulta- 
neously i>y gearing, worked by a handle on the platform in the 
recess in front of the drums; so that a man by turning that 
handle, either connects or disconnects the gearing, as may be re- 
quired. 

The main axis upon which the two large spur-wheels are 
mounted, may be considered as a single axis, but is, in fact, two 
lengths of shaft, connected together by cranks and drag-links at 
the mid-length of the prolonged axes, which two lengths can be 
disconnected at pleasure, by removing the drag-links and crank- 
pins. Hence there are two sets of machinery exactly similar, and 
capable of being connected and disconnected in such manner, as to 
admit of either of the two drums being worked bv either of the 
two pairs of engines, whilst the other drum is wholly disconnected ; 
each line can thus be worked by either pair of engines, indepen- 
dently of the other line or pair of engines. The engines always 
revolve in the same direction, causing the drums to wind up the 
ropes around them ; but when the drums turn round in a contrary 
direction for unwinding the ropes, they are disconnected from 
the engines. A wheel is attached to each drum for the purpose 
of being acted upon by a break, not only for stopping the motion 
of the drum, after the arrival and stoppage of the down-train at 
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the Blackwall end of the line, but also for maintaining a suitable 
degree of tension on the part of the rope behiud the train, whilst 
it is in motion. The object of keeping the tension on the rope is 
to prevent it from being unwound from off the drum faster than the 
train proceeds, and to secure the rope against the risk of breakage, to 
which it would be liable, if it were allowed to become slack and 
then to be suddenly tightened, by the acceleration which takes 
lace in the motion of tfce train, after it has commenced the 
escent of a steeper gradient than that on which it was previously 
travelling. 

The engines being only worked for eight or nine minutes out 
of every quarter of an hour, the vacuum in the condenser might 
during the remaining six or seven minutes become imperfect from 
leakage, or from air contained in the injection water ; in which 
case the restarting of the engines would be difficult, except by pre- 
viously blowing steam through the condenser, to displace the air,— 
for the greatest power is required at starting, when the machinery, 
he drums, the rope, and the train, have all to be set in motion 
from a state of rest, and theie must be a good vacuum in the con- 
denser to enable the engines to start promptly. For this object an 
engine of 12 horse-power is provided, and constantly works two 
auxiliary air-pumps, which maintain the vacuum in the condensers 
of the large engines, independently of the action of their own 
sir-pumps. 

In the arches upon which the railway is carried to pass over the 
engine-house, eight water-tanks are placed, all connected together 
by pipes. The overflow of waste water from the hot cisterns of 
the engines, is conducted from the usual overflow-pipe into the 
most distant of the eight tanks. From that tank the water passes 
into the next, and then to the next, and so on to the last of the 
eight tanks, in which it is mixed with fresh cold water, and the 
mingled water is then conveyed into the engine-room, for supply- 
ing the injection cocks of the engines. The surface of the water 
in the eight tanks is exposed to the atmosphere, and the hot water 
thus becomes cooled in passing through them. At first there were 
only three tanks, in which, as they exposed a large surface to the 
air, it was expected the cooling of the water would proceed with 
sufficient rapidity to render it fit for injection upon arriving at the 
third tank, and being there mixed with fresh cold water ; but, as 
it was found that there was not a sufficient cooling effect, five more 
tanks w ere added, and the eight tanks now in use are scarcely suf- 
ficient for cooling the water to the extent required. The supply of 
cold water, for mixing with the water in the tanks, is pumped by 
the 12 horse-power engine from a well in the adjoining part of the 
building, and, in addition to this supply, a small pipe is laid on 
from the main of the New River Company. The temperature of 
the injection water in summer is about 80°, and often higher, and 
the vacuum then obtained is about 24 inches of mercury ; in winter 
there is no difficulty as to the temperature of the water, and the 
mercury stands at from 27 inches to 28 inches. Each of the tanks 
is 24^ feet square and 6 feet deep, so that the capacity is 3,600 
cubic feet, and the surface of water exposed is 600 square feet in 
each tank. 

The steam-pipe from the boilers passes through the wall, and is 
carried inside the engine-room to the right and left to each pair of 
engines, with a valve-box, from which two branches proceed to 
supply each engine. The valve in the box is opened and shut by a 
screw, worked from below by a handle, by wnich the engineman 
regulates the speed of the engines. 

The governor is placed beyond the outer frame of the pair of 
engines, and the number of its revolutions is to the number of 
strokes made by the engines as 3 to 2. It is worked from the 
crank of the engines by a pair of bevil wheels on a small axis 
passing through the outer frame. The governor acts upon a 
throttle-valve placed in the steam-pipe, immediately beyond the 
shut-off valve. The resistance the engines have to overcome 
varies so much, that the governor was found not to be capable by 
itself of regulating the speed, and therefore it was assisted by the 
man closing the shut-off valve by its screw handle ; but latterly 
the governor has been disconnected, and is not now used. 

To avoid snatching the rope, by which it might be broken, great 
care is taken to start the engines as gradually as possible, in order 
that all the slack of the rope may be gathered up around the dram, 
and then the train be started slowly, and gradually accelerated to 
the full speed. The valve is therefore only partially opened at 
first, and is afterwards opened fully by degrees ; as the engines 
acquire speed, the valve is closed again gradually, to restrain the 
speed, as the carriages arrive one after another, and the resistance 
diminishes. 

The Boilers . — The boiler-house is beneath the railway, the five 
boilers being placed under the arches on which the cpntinuation of 


the railway is carried beyond the engines. Two of them are 
square marine-boilers, with the ordinary internal furnaces and 
rectangular flue9 ; the other three boilers are constructed on the 
Cornish system, being circular, with two internal tubes through 
their entire length, and the furnaces in the front ends. The two 
marine-boilers, which are equal in power to the three Cornish 
boilers, are capable of supplying steam for one pair of engines. 
The two marine-boilers, or the three Cornish boilers, are worked 
together as a set, the two sets being used alternately in the same 
manner as the engines, but for about three months at a time. 
The chimney is situated between the ttvo sets of boilers. The 
flue from each separate boiler, enters into a main flue, which ex- 
tends along the back of each set to the base of the chimney ; 
each is provided with a separate damper, and there is another 
damper at the end of each main flue, where it joins to the base of 
the chimney. 

On the top of the steam-chest of each boiler is a shut-off valve 
box, joined by a branch to the main steam-pipe, which leads to the 
engines. By these valves, any boiler may be shut off from the rest, 
in case it is required to be cleaned whilst the others are at work. 
At the mid-length of the steam-pipe are two safety-valve boxes, 
each having an aperture of 12 inches diameter; they com- 
municate with each other, and from one of them a discharge-pipe 
proceeds into the chimney ; one of these safetv-valves is out of 
the control of the men, but the other may be lifted by means of a 
lever worked from below, in order to discharge the steam at the 
end of the day's work. 

The feeding of the boilers is effected from a tank situated above 
the arches, at the side of the chimney, at such a height as to give 
the column of water entering the boiler a greater pressure than 
that of the steam. This feeding-tank is 10 feet in diameter, bv 6 
feet high, and is capable of holding 471 cubic feet of water. The 
water is raised into this tank by the pumps of the engines, and 
feed-pipes proceed from the tank to the feed-cocks in the pipes, 
at the front of the several boilers. During the time the engines 
are at work, no water is admitted to the boilers, but as soon as 
they are stopped, the feed-cocks are opened, and the water is al- 
lowed to flow in until the proper level is restored. At the same 
time a fresh supply of coals is thrown on the fires, to raise the 
steam for starting. This is so managed as to waste very little 
steam by blowing away at the safety-valve. 

The chimney is 6 feet square inside, at the base, and 4 ft. 3 in. 
diameter at the top, and 164 feet high from the foundation. The 
draught is exceedingly good. The spaces opposite to the row of 
furnaces of the five boilers are stores for coal. Beneath the centre 
of the passage, in front of the row of furnaces, is the drain for 
carrying off the waste water. 

The steam-engines of 112 horse-power (nominal power) are on 
the marine construction, with side levers, the same as Messrs. 
Maudslay, Sons, and Field made for steam- vessels a few years ago. 
That construction was adopted, as it was. requisite that the centre 
of the shaft should be elevated. The diameter of the cylinders 
is 56 inches ; the length of stroke is 5 feet ; and the average 
number of strokes 22 per minute. The motion of the piston is 
therefore 220 feet per minute. The plunger feed-pump is 6k 
inches diameter, and 2 ft. 6 in. stroke ; only one pump is worked 
at a time. The cranks are all of cast-iron, with axes of wrought- 
iron, 12 inches diameter in the bearings. 

The large spur-wheel on the main axis is 17 feet in diameter at 
the pitch line, with 120 teeth ; the pitch of the teeth is 5^ inches, 
and their breadth is 23 inches. The centre boss of this wheel 
consists of two circular pieces bolted together externally, including 
between them, and closing over the roots of the arms, which are 
eight in number, cast separately, and bolted to one another, and 
to the bos9. The rim is in eight segments, each having 15 teeth, 
and the junctions of the segments are made at the ends of the 
arms. The weight of the wheel is 16^ tons; that of the rim by 
itself being 8 tons 13 cwt. The drum is 23 feet in diameter out*- 
side, and 16^ feet in diameter at the bottom of |the V-shaped 
groove, wherein the rope is coiled. The width of this part, at the 
bottom, is 1 ft. 6 in., and at the top 3 ft. 2 in. ; when all the 
rope is wound on it, the diameter of the outside coil of the rope 
is 20 feet. 

The break-wheel at the side of the drum is 14 feet in diameter, 
and 1 foot broad. 

The mortice spur-wheel , on the axis of the drum, and at the same 
side as the break, is 1 1 feet in diameter at the pitch line : it has 
78 cogs, which are also 23 inches broad. 

Although the drum, the break-wheel, and the mortice-wheeL 
have hitherto been mentioned as separate, they are in fact all 
framed together so as to form one combination. The total weight 
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is 30 tons. The axis of the drum is of wrought-iron, 12 inches 
diameter in the bearings. The cogs of the mortice-wheel are 
made of hornbeam. 

The break is formed of two straps of wrought-iron, side by side, 
each 5 inches wide, to which are rivetted plates of copper in 
lengths of 3 feet each, 12 inches wide and f inch thick ; the copper 
applies to the lower half of the circumference of the break-wheel. 
One of the extremities of the break is suspended by rods from 
the girder above, and the other end is connected to the hoop 
around an eccentric-wheel, the axis of which is mounted in a frame 
fixed to the girder. On the axis of this eccentric-wheel is a spur- 
wheel, into which a pinion works, and on the axis of the pinion 
is a ratchet-wheel, to be worked by a lever-handle and click, by a 
man standing on the platform over the engine-room, the handle 
end of the lever passing up through the platform. The length of 
this lever-handle is 6 feet ; the diameter of the pinion is ll£ 
inches, and that of the wheel is 16 inches ; the eccentricity of the 
eccentric-wheel is 2f inches. Hence the force of the man's arm 
applied at the upper end of the lever-handle is multiplied about 

36 times ( 2-75 x iv s = w ^ en t ^ ie leverage is the least — 

namely, when the eccentric-wheel has made a quarter of a revo- 
lution ; but for obtaining a greater power on the break, a piston 
is fitted into an air-cylinder 10 inches in diameter, which is fixed 
under the girder; one end of the cylinder is open to the at- 
mosphere, and the other is closed, but communicates by a pipe 
with the condenser of the steam-engine below. In this pipe is a 
cock, which can be opened by the breaksman when necessary ; a 
chain connected to the rod of the piston of the air-cylinder, is 
carried round the spur-wheel and fastened to it. If the breaks- 
man opens the cock to establish a communication with the con- 
denser, the air is exhausted from the air-cylinder, and the pressure 
of the atmosphere on the area of the piston acts by the chain on 
the circumference of the wheel. Supposing the vacuum to be 27 
inches of mercury, this pressure is l,060lb., equivalent to about 
1001b. applied to the upper end of the lever-handle. 

Each of the moving plummer-blocks , in which the drum-shaft 
revolves, is mounted on six rollers ; three on each side. Beneath 
the plummer-blocks and attached to it, in the space between the 
rollers, is a long nut in which a screw 3 inches in diameter works ; 
the pitch of this screw is such as to move the nut and the 
plummer-block 3 inches by seven revolutions. The axis of the 
screw is prolonged by a shaft to reach the platform, and this pro- 
longation has on its end a bevil-wheel 2 feet in diameter, into 
which works a bevil-pinion 6 inches in diameter ; the cross axis of 
this pinion extends across the breadth of the drum, parallel to its 
axis, and carries another such bevil-pinion of 6 inches diameter, 
which acts in another bevil-wheel of 2 feet diameter, on the pro- 
longation of the axis of another screw beneath the plummer- 
block, for the other end of the axis of the drum. By this con- 
nection both screws are turned round simultaneously and act on 
both plummer-blocks alike. On the cross axes of the two bevil 
pinions is a cog-wheel 2 feet in diameter, into which works a 
pinion 16 inches diameter, on the axis of which is a winch-handle, 
so that to produce one revolution of the screw, the winch-handle 
must make six revolutions. The thread of the screw making seven 
turns in 3 inches, and the winch being 10 inches long, the pressure 
applied to it is multiplied 868 times. The winch is worked by one 
roan, and the time occupied in disconnecting one drum and con- 
necting the other, is little more than a minute. 

The rollers on which each plummer-block moves, are made of 
wrought-iron, case hardened, 3^ inches in diameter, and 2£ inches 
broad. At first, the rollers worked against the cast-iron surfaces 
of the frame and of the plummer-block ; but after having been at 
work two or three years, the pressure had caused so much inden- 
tation into the two surfaces of cast-iron, as to render it difficult 
for a man to connect and disconnect the large spur-wheels. To 
remedy this defect, a strap of steel was let into the frame and 
another into the underside of the plummer-block for the rollers 
to act against, and no inconvenience has been since found. The 
weight upon each of the rollers is about 6 tons. The weight of 
the drum, break-wheel, and mortice-wheel being 30 tons, and of the 
axes 3 tons 7 cwt., the rope remaining on the drum when unwound 
1 ton, and the additional weight of rope when the whole is wound 
on, 23*10 tons, makes a total weight of 57*17, or 58 tons, to be 
sustained on the twelve rollers beneath the two plummer-blocks ; 
and, therefore, supposing each set to bear the same weight, each 
roller has to carry nearly 5 tons ; each end of the axis of the 
drum being 12 inches diameter in its bearing, the breaks must 
sustain 29 or 30 tons. 


Power. — When all the train is in motion, the engines making 
22 strokes per minute, the pressure of the steam on entering the 
cylinder being 2^ lb. above that of the atmosphere, and the mean 
pressure 9*95 lb. per square inch, the power for the engines, rope, 
and train, is 323*74 horse-power. 

When the rope, without any carriages attached to it, is drawn 
by the engines making 24 revolutions per minute, the pressure of 
the steam being 6 lb. above the atmosphere, and the mean pressure 
7 lb. per square inch, the power expended on the rope and ma- 
chinery is 250*76 horse-power. 

When the drum is disconnected from the engines, and they are 
allowed to make 22 strokes, the pressure being 13^ lb. above the 
atmosphere, and the mean pressure 8lb. per square inch, the 
ower expended on the friction of the engines unloaded, is 26*09 
orse-power. 

Since the power expended on the engines, rope, and train, is 
323*74 horse-power, and on the engines and rope, 250*76 horse- 
power ; the difference, namely, 72*98 or 73 horse-power is due to 
the train alone. 

The number of revolutions made by the engine-shaft per minute 
being 22, the number made by the drum in the same time is 33*84. 
The circumference of the drum when the rope is off, is 52 feet ; 
when all the rope is wound on, it is 63 feet , the velocity of the 
rope will therefore vary from 1,760 feet per minute, to 2,132 feet, 
that is, from 20 miles to 24 miles per hour. 

The Rope. — When the railway was first opened, the rope employed 
was of hemp, 5| inches in circumference, or if inches in diameter. 
After it had been in use for a very short time it broke, and con- 
tinued to do so frequently ; in consequence of which, a wire rope 
was substituted. This rope 3| inches in circumference, or 1 J inch 
diameter, is formed of six strands, each composed of six wires, or 
thirty-six wires in the rope. It is covered over with small hempen 
rope or tarred yarn. The breakages of this rope are much less 
frequent than with the hempen rope, but still they do occur occa- 
sionally. In order to make the rope wind evenly on the drum, it 
is guided by two levers mounted on one centre pin, and crossing 
one another in the form of a pair of scissors, the levers having 
rollers on their inner side. These levers are worked by a man, 
standing on the platform below*, and he guides the rope by pressing 
them alternately against either side as his eye directs, so as to 
wind the rope evenly around the drum. The weight of the 
hempen rope was 8 lb. per yard, that of the wire rope is 6^ lb. per 
yard ; therefore, the weight of the rope lying on the railway was, 
in the former case, 19^ tons, and in tne latter, 16^ tons. Swivels 
are introduced at intervals in the length of the rope, to allow it to 
twist and untwist itself in working. The weight of the rope is 
sustained by bearing-sheaves, disposed at intervals along the line, 
in the middle of the space between the rails ; some of them being 
laid at angles to suit the curves of the road. 

The auxiliary engine. — The cylinder of the 12 horse-power 
engine is 20 inches in diameter, the piston makes a stroke of 
3 ieet, and 34 strokes per minute. The two air-pumps which are 
worked by it are 13 inches in diameter, with a stroke of 10^ 
inches, and are placed one on each side of the centre of the main 
lever. 

The air-pumps of the large engine are 31 inches in diameter, 
with a length of stroke of 2 ft. 6 in. ; so that the capacity of the 
stroke of each pump is 13*1 cubic feet, or 26*2 cubic feet for the 
pumps of a pair of engines ; therefore, the capacity per minute, 
is 26*2 x 22 strokes = 576*4 cubic feet. In like manner, the ca- 
pacity of the small pumps, per minute, is 55 cubic feet, or nearly 
-jJgth that of the large pumps in the same time. 

The well from which cold water is obtained is 10 feet diameter 
inside, and is steined partly with brick and partly with iron. In 
this well are two sets of three-barrelled pumps, but only one set is 
worked at a time. The barrels are each 7 inches in diameter, the 
stroke is 18 inches, and they make twenty strokes per minute ; so 
that the quantity of water raised by one set, per minute, is 150 
gallons. These pumps are worked constantly throughout the day. 

The marine-boilers are 10 ft. 3 in. wide, 10 ft. 8 in. high, and 
24 feet long ; the steam-chests are 5 feet in diameter and 4 ft. 
10 in. high ; each boiler has three fires within it. 

The circular boilers are each 7 ft. 6 in. in diameter, by 24 feet 
long ; the two circular flues, through their whole length are 2 ft. 
6 in. diameter. The steam chests are 3 ft. 9 in. diameter, and 4 feet, 
5 feet, and 6 feet high respectively. The average consumption of 
fuel, is, per day, for the two marine-boilers together, 7^ tons, and 
for the tnree circular-boilers together, 8 tons. In these quantities 
is included what is required for getting up the steam in tne morn- 
ing. 
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The time of working, corresponding to this average is 13 hours. 
The weight on the safety-valve is 4^ lb. per square inch. 

The engines and machinery at Blackwall are similarly arranged, 
but on a smaller scale. The railway there passes by the side of 
the engine-house on the ground, and therefore the ropes are 
gathered on at the lowest part of the circumference of the drums, 
instead of at the highest part, as at the Minories, where the 
railway passes over the engine-house. The engines, constructed 
by Mr. Barnes, are of the marine side-lever form, of the nominal 
forces of 70 horse-power each, the pistons are 45^ inches diameter, 
with 4 fee t stroke, and their average speed is 25 strokes per 
minute. The large spur-wheels are 17 feet diameter to the pitch 
line, with 120 teeth, 5^ inches pitch, and 14 inches broad, working 
into mortice spur-wheels on the axes of the drums, 10 ft. 10 in. 
diameter, with 80 wood cogs. The drums are 16^ feet diameter 
when empty, and 22 feet diameter outside. The small steam- 
engine for working the air-pumps, is 8 horse-power ; it was con- 
structed by Messrs. Miller and Kavenhill. 

Remarks made at the Meeting after the reading qf the above Paper . 

Mr. Parky stated that the wire rope consisted of six strands, each of six 
wires, coiled round a hempen core, and the whole of the strands were also 
laid round one centre core of hemp. Wherever the wires were in actual 
contact with the core, corrosion appeared to take place, which of course 
augmented the rapidity of the destruction of the rope. It was, however, 
now merely a question of expense, as, since the adoption of the wire rope, 
breakage seldom occurred. He thought that the old hempen rope had fre- 
quently been broken by the undue strain which was suddenly brought upon 
it, by its slipping on the drum. He imagined that a modification of the 
method used in cotton spinning for regulating the coiling of the filaments, 
might be adopted with advantage, instead of as at present coiling it by 
hand. 

Mr. Bidder said he had noticed the peculiar tendency of the hemp rope 
to twist, which caused its frequent fracture. The first rope was 51 inches in 
circumference, with a lay of 41 inches ; this was soon diminished to 3 inches, 
and it broke continually. It was replaced by a rope from which the tar had 
been expelled by pressure; that was soon worn out, and the fibie appeared 
completely destroyed. Wire ropes of various kinds were then tried ; and at 
last, by the introduction of swivels, and recently by an improved construc- 
tion of them, the bad effects of the twisting were obviated, although it still 
took place. In spite of the rapid destruction of the hemp rope, he was of 
opinion, that as a mere question of cost, it would be found cheaper than 
wire rope, as, when partially destroyed, the former had still a certain value, 
but the latter was comparatively valueless. 

Mr. R. Stephenson stated that he was unable to account satisfactorily 
for the twisting of the rope. He imagined that it might be caused, in some 
degree, by its being coiled over the drum at the Minories end, and under the 
drum at the Blackwall end of the railway. The lateral action of the groove 
of the inclined guide pulleys might also influence it, particularly on the 
sharpest curves. Ropes composed of lengths, with a right-hand and a left- 
hand lay alternately, had been tried, but ineffectually ; the twisting still con- 
tinued, and the bad effects were only counteracted by the swivels. It might 
have been imagined that the rope would have untwisted, and thus have length- 
ened ; but, on the contrary, it became more tightly twisted, its diameter 
diminished, and still its length increased, apparently from the pull of the 
engines upon it. It was evident from the appearance of the fracture, when 
one occurred, that the material was wrenched asunder by a twisting action. 
The breakages occurred, however, very seldom at present ; not oftener than 
once or twice in a month, during which time nearly three thousand journeys 
were made, and then they arose generally from the carelessness of the 
hreaksmen, who, it must be remembered, received their instructions from a 
distance of three miles, by the electric telegraph. The were six swivels in 
the rope, one at every half-mile. The destructive effects of the twisting 
would probably be diminshed by a larger number of swivels, but they were 
very objectionable, in preventing the regular laying of the rope upon the 
drum. On the inclined planes in the north of England, where ropes had 
been used for many years, this twisting was not observed ; but there the 
engines were at one end only ; whereas, on the Blackwall railway, the en- 
gines at both ends working simultaneously, might probably have a tendency 
to cause the twisting. Twenty years ago he had tried, in the North, ma- 
chinery similar to that suggested by Mr. Farey, for laying the rope on the 
drum ; bat in consequence of the general diminution of diameter of the rope 
from the stretching, and the inequalities occasioned by the splices, the ma- 
chinery was constantly put out of order, and was eventually destroyed. On 
the Blackwall line, the men bad acquired considerable dexterity in directing 
the rope with the levers or shears, and he thought it would scarcely be pos- 
sible to improve that part of the system. — Some difficulty had been appre- 
hended from the use of condensing engines, on account of the time required 
for forming the vacuum; it had, however, been met by having a small engine 
constantly working to keep up the vacuum and to pump water. High- 
pressure engines were generally used with rope traction, in order to avoid 
this difficulty. He, however, preferred the use of condensing engines, with 
a small supplementary engine, and believed them, at the same time, to be 
more economical. 


Mr. A. Wightman stated that the wire rope was manufactured by Messrs. 
Newall, of Gateshead, The wire was unannealed, and the weight of the 
rope was 10 lb. per fathom, except two lengths of half a mile each, which 
weighed 121b. per fathom; these lengths were so placed, that the main 
trains to or from Blackwall, were always attached upon them. The swivels 
were at first rivetted into the rope, but it was found that at least two-thirds 
of the fractures of the rope occurred where the first rivet was inserted. In 
order to prevent this, the swivels were spliced into the rope ; this was done 
by unstranding about a yard and a half of the rope, passing the strands 
through an eye in the swivel, and then splicing them back into the rope. 
Swivels thus inserted would last three months without renewing, and the lay 
of the rope had been preserved by them. Breakages, however, still occurred, 
hut (except from carelessness), they rarely, if ever, took place in a rope less 
than a year old ; after that time the rope began to lose its strength, from 
the oxidation that took place, wherever the strands came in contact with 
the hemp core, and although a rope might appear sound after it had been 
in use for a year and a half, yet on opening it, a considerable extent of oxi- 
dation would be discovered. The rope-makers in the North attributed this, 
in a great measure, to the serving of the rope with spun yarn, which had 
been adopted on the Blackwall railway, chiefly to prevent the noise occa- 
sioned by the rope passing over the sheaves. Experiments were in progress, 
with a view to doing away with the serving of tne rope, by covering tho 
sheaves with hard leather, which, if successful, would be the means of saving 
the company a large expense in keeping up the serving, and would take a 
weight of about 12 tons off the engines, and reducing also the cost of fuel. 
With regard to hempen ropes, both tarred and white ropes had been tried, 
but they bad totally failed, some of them not lasting more than two months. 
These ropes had a great tendency to twist, and from their bulk it was very 
difficult to counteract it by the insertion of swivels. The wire ropes were, 
consequently, the cheapest ; for although there was a difference in the ori- 
ginal cost, as also on the return for the old ropes, yet the duration of the 
wire rope was so much greater, that it more than compensated for the in- 
crease in price. 

The charges for the motive power, for the year 1845, amounted to 
£11,302 la. 2d . ; during that time there were run 105 trains per day, 
3$ miles each, or 38,325 trains per annum, at an average cost of 5«. 10$d. 
per train, or Is. 6f d. per mile. 

Although the present cost of working the line by the rope system was 
high, yet by no other system had they been able satisfactorily to effect the 
accommodation of stopping at the various stations, without interfering with 
the " through traffic/' 


FOSSIL FOOTMARKS IN THE COAL FORMATION. 

Mr. Lyrll delivered a lecture at the Royal Institution, on February 4tb, 
“ On the Fossil Footmarks qf a Reptile in the Coal Formation of the Alleg- 
hany Mountains . 

Mr. Lyrll begau by observing that, notwithstanding the numerous re- 
mains of land plants in the carboniferous strata and the evidence they afford 
of the existence of large tracts of dry land (the exact position of which is 
often indicated by seams of coal and buried forests), no monuments of any 
air-breathing creatures had been detected in rocks of such high antiquity 
until Dr. King, in 1844, published his account of the foot-prints of a reptile 
occurring in sandstone in Pennsylvania (see SiUiman's Journal , vol. 48, page 
343). These fossil tracks were found in a stone quarry five miles south-east 
of Greensburg, and about twenty miles east of Pittsburgh, appearing on the 
under surfaces of slabs of argillaceous sandstone extracted for paving. They 
project in relief, being casts of impressions formed in a subjacent layer of 
fine unctuous clay, and they are accompanied by numerous casts of cracks of 
various sizes, evidently produced by the drying and shrinking of the clayey 
mud. These cracks occasionally traverse the foot-prints, showing that the 
shrinkage took place after the animal had walked over the soft mud, and 
before it had begun to dry and crack. Mr. Lvell exhibited a slab which be 
had brought from the quarries, having visited them with Dr. King ; and 
then proceeded to point out the differences between these foot-prints and 
those of the European cheirotherium found in Saxony and in Warwickshire 
and Cheshire, always in the upper part of the new red sandstone or trias. 
In the European hand-shaped foot-marks, from the form of which the ani- 
mal was called by Kaup, cheirotherium, both the hind and fore feet have 
each five toes, and the size of the hind foot is about five times as large as 
the fore foot. In the American fossil the posterior foot-priot is not twice 
as large as the anterior, and the number of toes is unequal, being five in the 
hinder and four in the anterior foot ; as in the European cheirotherium the 
fifth toe stands out nearly at a right angle with the foot, and somewhat 
resembles the human thumb. On the external side of all the Pennsylvanian 
tracks, both the larger and smaller, there is a protuberance like the rudi- 
ment of another toe. The average length of the hind foot is 5£ inches, and 
of the fore foot 4£. The fore and hind feet being in pairs follow each other 
very closely, there being an interval of about one inch only between them. 
Between each pair the distance is six to eight inches, and between the two 
parallel lines of tracks there is about the same distance. In the case of the 
English and German cheirotherium, the hind and fore feet occur also in 
pain, but they form only one row, in consequence of the animal having put 
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its feet to the ground nearly nnder the middle of its body, and the thumb- 
like toes are seen to turn to the right and to the left in the alternate pairs ; 
while in the American tracks, which form two parallel rows, all the thumb- 
like toes iu one set turn to the right, and in the other set to the left. Mr. 
Lyell infers, therefore, that the American cheirotberium belongs to a new 
genus of reptilian quadrupeds, wholly distinct from that which characterises 
the triassic strata of Europe ; and such a generic diversity, he observes, 
might have been expected in reptilian fossils of such different ages. The 
geological position of the sandstone of Greensburg is perfectly clear, being 
situated in the midst of the Appalachian coal-field, having the main bed of 
coal, called the Pittsburg seam, a hundred feet above it worked in the neigh- 
bourhood, and several other seams of coal at lower levels. The impressions 
of lepidodendron, sigillaria, stigmaria, and other carboniferous plants, are 
found both above and below the level of the reptilian footsteps. Mr. Lyell 
then adverted to some spurious fossil foot-prints of dogs, hoofed quadru- 
peds, birds, and other creatures seen on the surface of ledges of a soft 
quartzose sandstone in the neighbourhood of Greensburg, which had been 
confounded with the fossil ones. He pointed out the proofs that these had 
been carved by the ancient inhabitants of America, whose graves are seen 
in the vicinity ; and that the Indian hunters had sculptured similar bird- 
tracks, together with human foot-prints, in solid limestone of the State of 
Missouri, — the true origin of which was first explained by Mr. D. D. Owen, 
of Indiana. 

To illustrate the mode of interpreting fossil foot-prints in geology, Mr. 
Lyell gave a sketch of the discovery of three distinct species of cheirotbe- 
rium in Europe, — and explained how, after it had been conjectured by Link 
that they might belong to gigantic batrachians, Mr. Owen found, by exa- 
mining the teeth and bones of reptiles of triassic age, that three different 
species of air-breathing reptiles of the batrachian order, referable to a new 
genus, labyrinthodon, had existed, both in Germany and England, at that 
period ; their fossil bones indicating that they were air-breathers, and there 
being as great a disparity in size between the bones of their anterior and 
posterior extremities as between the fore and hind foot-prints of the several 
cheirotheria. To account for the sharpness of the casts of cheirotherium 
on the under surfaces of slabs of sandstone, Mr. Lyell adverted to the man- 
ner in which he had seen, on the sea-beach, near Savannah in Georgia, a 
cloud of fine sand drifted by the wind filling up the foot-prints of racoons 
and opossums, which, a few hours before, had passed along the shore after 
the retreat of the tide. Allusion was also made to the recent foot-prints of 
birds called sandpipers (Tringa minuta), which Mr. Lyell saw running, in 
1842, over the red mud thrown down every tide along the borders of estua- 
ries connected with the Bay of Fundy, in Nova Scotia. These consist both 
of impressions on the upper surfaces and of casts in relief on the under sides 
of successive layers of red mud (see Lyell’s “ Travels in North America/' 
vol. ii. p. 166), — of which he has presented a specimen to the British Mu- 
seum. The ancient foot-prints of more than thirty species of birds found 
fossil in the new red sandstone or trias of the valley of the Connecticut 
river, in Massachusetts, were stated to be analogous to these modern bird- 
tracks ; and the size of the largest, although they indicate a biped more* 
huge than the ostrich, is exceeded in magnitude by the gigantic deinornis of 
New Zealand — of which nearly the entire skeleton has just been found fouil 
by Mr. Walter Mantell. The absence hitherto of the bones of birds in the 
ancient American strata of the triassic period appears to Mr. Lyell quite 
intelligible ; for the circumstances which combine to cause foot-prints of 
sandpipers in the recent mud of the Bay of Fundy, repeated throughout 
many superimposed layers, have no tendency to preserve any bones of the 
same birds, — and none have yet been ever observed in cutting trenches 
through the red mud, where it has been laid dry by artificial embankments 
and drained. 

In all the cases of foot-prints, both fossil and recent, and whether made 
by quadrupeds or bipeds, the lecturer insisted on the necessity of assuming 
that the creatures were air-breathers, for their weight would not have been 
suflicient under water to have made impressions so deep and distinct. The 
same conclusion is borne out by the evidence derived from the casts of 
cracks produced in the same strata, by shrinkage, and so generally accom- 
panying the impressions of feet ; and it was remarked that similar effects of 
detsication are observable in the recent red mud of Nova Scotia, where 
thousands of acres are dried by the sun in summer, between the spring and 
neap tides. The ripple mark also so common in strata of every age, and 
among others in the coal measures, and new red sandstone of Germany, 
England, and America, exemplifies the accurate preservation of superficial 
markings of strata, often less prominent than those caused by the tread of 
reptiles or large birds. As the discovery of three species of cheirotheria 
was soon followed by the recognition of as many species of labyrinthodon, 
so the announcement by Dr. King, in 1844, of reptilian foot-prints in the 
coal strata of Pennsylvania, has been followed by the news lately received 
from Germany, that in the ancient coal measures of Saarbruck, near Treeves, 
the antiquity of which is vouched for by Yon Dechen, Prof. Goldfuss has 
found the skeleton of a true saurian. Dr. Falconer, after a cursory exa- 
mination of the original specimen, has stated his opinion in favour of its 
reptilian character, and although the evidence has not yet been rigourously 
tested by the most eminent comparative osteologists of Europe, Mr. Lyell 
believes that the opinion of Prof. Goldfuss and Dr. Falcouer will be con- 
firmed. Such facts should serve to put us on our guard against premature 
generalizations founded on mere negative evidence, and caution us not to 


assume the present limits of our knowledge of the time of the first appear- 
ance of any class of ^eings in a fossil state to be identical with the date of 
the first creation of such beings. 


PROCEEDINGS OF SCIENTIFIC SOCIETIES. 

INSTITUTION OF MECHANICAL ENGINEERS. 

Jan. 26. — J. E. M'Connbll, Esq., V.P., in the Chair. 

The first annual general meeting of the members of this Institution took 
pUce at Birmingham, in the theatre of the Philosophical Institution, for the 
purpose of receiving the Report of the Council and for the general trans- 
action of husiness. There were present nearly 100 members. 

Mr. M'Coknbll said that as this was the anniversary of the establish- 
ment of the Institution, he would content himself with referring to the 
Report about to be read for the confirmation, he might say, of the more 
than realised hopes of the most sanguine promoters of the Institution. He 
was gratified to see so large a meeting, and regretted the unexpected absence 
of the President. 

The Report of the Council was then read. It contained a brief outline of 
the proceedings of the Institution for the past year : — 1'he desirableness and 
importance of founding a society such as this was known to have been long 
and extensively felt by the engineering and mechanical profession in all parts 
of the kingdom, and it is not too much to venture to say, that the best 
expectations of the active and zealous promoters of the Institution have 
been fully realised, and a great amount of scientific and valuable information 
has been beneficially and mutually interchanged and diffused amongst the 
members. In reviewing the matter and subjects brought under the notice 
and discussion of the members, as recorded and detailed in the minutes and 
proceedings of the Institution, the Council felt it their duty to acknowledge 
and particularise the following valuable aid : — the two papers on the 44 Fan- 
Blast," by Mr. Buckle ; on a 44 Self-Acting Break," by the President ; on an 
44 Inverted Arch Bridge," by Mr. Cowper ; on 44 Locomotive Engines," by 
Mr. Beyer; on a 44 Turn-Table Lathe," by Mr. A Slate; on 44 Jones's Gas 
Exhauster," by Mr. Clift ; on a 44 Direct Action Steam Helve or Hammer," 
by Mr. H. Smith. 

The following recommendation of the Council was then read : — 

44 The Council, having had under their consideration the question of the 
number of the members of the Council, have resolved to recommend to the 
members of the Institution to authorise the Council for the present year to 
add to their number, so as to place one member of Council, or more, as may 
be considered desirable, in each district where such may be advantageous to 
the interests of the Institution." 

A resolution to the above effect having been proposed, was carried unani- 
mously. 

The officers for the ensuing year were then re-elected, viz. : — Mr. G. Ste- 
phenson, President ; Mr. C. Beyer, J. E. M 4 Connell, and J. Miller, Vice- 
Presidents ; Messrs. W. Buckle, E. A. Cowper, B. Fothergill, E. Humphreys, 
and A. Slate, Council ; Mr. C. Gooch, Treasurer ; Mr. A. Kintrea, Secretary. 

After the conclusion of the business connected with the annual general 
meeting, the following papers were read : — 

HYDRAULIC LIFTING J\CK. 

44 Description of a New Hydraulic Lifting Jack* 9 By Mr. Ald. Thorn- 
ton. 

The principle of this jack is the same as that of the hydraulic press, but 
not having been before applied to a lifting jack, it is thought that the present 
application of it will be useful for a variety of purposes. Its advantages 
are, the ease and steadiness with which a great weight can be raised by one 
person ; the facility with which the lowering of the weight can be regfilated 
without labour, and from there being no circular motion of the handle, there 
can be no tendency in the jack to twist from the position in which it is 
placed ; aiso by the use of strong wrought-iron tubes for the cylinder and 
ram, the weight of the jack is less than others now known. This jack can 
be used in all cases where others are available, and in some where others 
are not so, for the motion of the lever being vertical instead of lateral, it 
can be used wherever there is sufficient width to place it. With a jack of 
the size shown one man can lift from 15 to 20 tons weight. Mr. Thornton 
said although the jack was not new in principle, one of its great advantages 
was to be found in the additional power which it gave to one man to raise 
so great a weight. 

The Chairman said he presumed they all understood the description 
given by Mr. Thornton. The jack displayed itself by its own appearance 
and the drawing. So far as the trial he had bad with it went, he had every 
reason to be satisfied. It was very simple, acted very nicely, and he thought 
it was a very ingenious improvement. 

Mr. Crampton wished to know if it bad ever tumbled down ? 

Mr. Middleton said all persons acquainted with such things must be 
fully aware that they could not get a jack boxed up. Until, however, an 
alteration could be made in the handle, it could not be considered a good 
thing practically. 

Mr. Slate observed that though a jack might not be practically good 
when placed in a tumbling position, it might be good in other cases. A jack 
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like the one now before them might be useful in lifting a great weight, where 
the ordinary one would not be sufficient. 

Mr. Bucklk thought that the jack was an exceedingly useful instrument. 
An ordinary jack would be much more liable to be put out of order than 
the one before them ; besides, it presented greater facilities for lowering 
weights. 

Mr. Milnkr was of opinion that as it was it could not be generally 
useful. If it was thrown from a tender to the ground it would be destroyed, 
and their endeavours should be to prevent it, if possible, from capsizing. 

The Chairman said Mr. Thornton’s object in introducing it was to have 
the benefit of their experience. 

Mr. Pr acock said, that for locomotive purposes it was not equal to 
Heeley's jack ; still, if in other respects it possessed advantages over ir, they 
ought not of course to condemn it. 

In answer to other questions by various members, Mr. Thornton said it 
would lift 20 tons ; it weighed about 65 lb. ; and its price was 12 guineas. 

Another member said he should give the preference to Heeley’s jack, 
lifting jacks when laid aside, like fire-engines in a country town, not being 
generally required, get out of order, and he was afraid that the one before 
them would be much more liable to injuries of that kind than the ordinary 
jack. 

The Chairman said, it appeared that it was objected against the jack, 
that it was liable to get out of order, and that it had not the advantages of 
Heeley's jack in lifting ftom below, but from the top ; at the same time it 
would be admitted that it was steady in action, and that in lowering weight 
it was necessary to have power and command, so as to do it slowly and 
easily. There was one important point in which it had not the advantage, 
and that was in price. In articles of that kind, the price was a considera- 
tion. 

Mr. Hkndrrhon thought that the jack possessed advantages where there 
was a great weight to lift, and only one man to work it. Another advantage 
was the steadiness of its action. The great objection against it was its 
liability to get out of order. If they wanted a jack to raise 20 tons, he was 
not aware that they could get any other to do it with the same degree of 
steadiness. 


CYLINDER-BORING MACHINE. 

44 On the Fitting-up qf Cylinders for Locomotive Engines , and a Descrip- 
tion of a Machine for Boring them.” By Mr. C. Beyer.. 

The desirableness of having all the cylinders of every class of locomotive 
engines perfectly alike, so that they may, at any time, be changed in case of 
accident, or be replaced by spare ones, it is presumed will be admitted by all ; 
the difficulty of accomplishing this with the tools hitherto employed, will be 
known to most who are engaged in this branch of the business. These con- 
siderations, and the defect of cylinders, the author, from time to time, found 
necessary to have rectified before passing them to be used, induced him, in 
1843, to direct his attention to the boring-machine. 

The couditions which a good cylinder boring-machine should fulfil, may 
be stated as follows: — 1. That it should make the cylinder perfectly round 
in its diameter, and parallel in the direction of its axis. 2. That the bored 
inside should be perfectly concentive or parallel with the outside of the 
barrel. 3. That the projections beyond the flanches, if there be any, should 
be true with the internal bore. 4. That every strain or pressure upon the 
barrel of the cylinder whilst boring should be avoided. The boring* machine 
hereafter to be described has been found, during several years’ practice, to 
have aoswered these conditions. 

Messrs. Sharp, Brothers Sl Co. cast their cylinders from wood patterns in 
green sand, and commence the process of fitting*up by describing or gauging 
off a circle upon each end of the cylinder, concentive to the barrel, and 
having formed this circle the ends are bevelled inwards by chipping to an 
angle corresponding to that of the plates of the cone mandrill. The cylin- 
der being fastened to the mandrill is put into a two-foot slide lathe, with 
facing motion, and has its ends faced to a gauge, and its projections turned 
to a gauge, and cut to a length to gauge. There are further two notches cut 
out of two cone discs, so as to allow of applying an internal gauge for the 
out-and-out length of the cylinder. Thus prepared by turning, it is removed 
to the boring-machine, inserted between two plates, the faces of which are 
planed, and the holes for receiving them bored from the boring-bar in their 
places ; it is at once perfectly concentive with setting, and needs nothing but 
clamping to the plates by headed bolts or clamps by its flanches to be ready 
for commencing boring. For placing the tops of the steam-chests and valve 
facings the turued ends are again made use of for setting, by placing upon 
the planing- machine table brackets placed on their faces and bored out to 
the same gauge ; the cylinder is turned to, in order to insure the parallelism 
of these parts with the axis, as for similar reasons the inside of the cylinder 
could not be otherwise than concentive with the outside of the barrel. The 
author prefers making a separate set of gauges, tackling, Sec. for each size of 
cylinders rather than economise by making one do for many, and risk the 
chance of mistakes ; and he believes that the plan here described, to work 
always from the same point, is most likely to insure accuracy, as the faults 
made by neglect of the workmen are not multiplied by subsequent opera- 
tions. 

The boring-machine bores by two cylinders at the same time, and is ar- 
ranged to bore cylinders of 2' C" strokes and from 10 to 20 inches diame- 


ter. The bed is that of a common slide lathe, sufficiently long to carry a 
double set of driving gear, and admits of a sufficient traverse of the boring- 
carriage. The boring-bar is supported by three bearings, the former of 
which is stationary and firmly fastened to the bed to resist the end and 
pressure of the cub when boring ; the Utter are fixed upon the carriage 
and travel with it along the boring-bar, and serve for securing the cylinder 
during boring, as will be shown hereafter. To cause the boring-carriage to 
move endways, a train of wheels descends at the back of the machine to give 
motion to the shaft, and is transferred by means of a feathered worm to the 
worm-wheel and pinion, both of which move loose above the fast stud of 
the carriage. This same stud serves as a fulcrum for the lever, carrying upon 
opposite projections the intermediate pinions, which gear into the stud 
pinions. It will be clear, therefore, that by setting the lever in such a posi- 
tion as to bring one pinion into gear with another pinion fast on the rack- 
pinion shaft, motion will be given to the boring carriage in one direction ; 
and in an opposite or contrary direction by moving the lever so as to bring 
the pinions to gear with each other ; and this carriage will be stationary Or 
independent of the driving gear altogether, by keeping the lever in its 
middle position. The rack pinion shaft is extended towards the front of 
the machine, to work the carriage by hand when putting in or taking out 
the cylinder. A provision is also made in the train of wheels for varying 
the traverse of the carriage by changing the pinion. 

To hold the cylinder while boring, the top of the carriage is formed into 
a kind of square frame, by means of two plates, planed on the inside and 
fastened to the sides of the bearings or standards and two cross stretchers. 
These Utter are also placed upon their inner faces and are secured to the 
sides and top of the boring-carriage, and have holes bored in them when 
secured in their places, by means of the boring head upon the bar corre- 
sponding in diameter to the turned projecting ends of the cylinder to be 
bored. It will be seen, therefore, that if the figure of the cylinder to be 
bored be turned to the same gauges as the holes are bored to, it needs only 
inserting and clamping fast by the T bolts to be ready for boring without 
requiring any setting in its pan whatever. One of the cross stretchers is a 
fixture, whilst the other is removed every time a new cylinder is to be fixed. 
The boring head U a fixture upon the bar, and has only one plain square 
tire for boring, ground to cut either way. This tool fiU into a planed recess 
made slightly dovetailed, and is held fast by a set screw, and easily adjusta- 
ble to any diameter by another of these machines. We employ three of 
these machines — two double ones and a single one, and one man attends to 
these and the lathe for facing and turning tbe ends of the rough castings of 
the cylinders. Tbe cylinders are cast as bard as we are able to cut them 
with tbe best cutting tools we can make, and we find it more advisable to 
complete the boring in three cuts; the first is often as much as { inch in 
depth, the second we leave about { inch, and the third can hardly be called 
cutting, but is merely clearing up or finishing. The advance, or traverse, we 
rarely change, and is set to £ of an inch for each revolution of tbe boring- 
bar ; or is, for quickest speed of the bar, 3 revolutions per minute ; in the 
second, 1*8 revolution per minute; in the third, or lowest speed, 1*2 revolu- 
4iou per minute. For boring 15 inch cylinders — for roughing out, 1*8 revo- 
lution per minute, or cut at 7 feet per minute ; for boring, 3 revolutions per 
minute, or cut at 11*78 feet per minute; and for finishing, 1*2 revolution per 
minute, or cut at 5*65 feet per minute. 

Mr. Crampton said they should be doing very great injustice to tbe very 
valuable paper they had heard read were they to discuss it at that late hour, 
and he should propose that the further consideration of it should be ad- 
journed till the next meeting. The suggestion was adopted and the meeting 
terminated. 


JACQUARD PERFORATING MACHINE. 

41 Description of a Perforating Machine” made for Mr. Evans, the con- 
tractor for the iron tubular bridge which is to carry the Chester and Holv- 
head Railway over the river Conway. By Mr. Fotbbrgill. 

This machine is employed to perforate tbe plates for tbe above-named 
bridge, and is at present adapted to punch such pitches only as that work 
requires, viz , 3 inches and 4 inches from centre to centre of rivet holes, with 
latitude for departing considerably from those (general) pitches in the lateral 
rows of the holes. This machine is constructed to perforate, at each stroke, 
a row of holes across a plate 3 ft. 5 in. broad ; but, by employing a series of 
card plates (similar to the cards used in the Jacquard loom), any number of 
punches may be put out of action at pleasure ; and by means of a blank 
card at the end of the series, the machine is put out of action at a point 
where no obstacle is presented to the taking out of tbe perforated plate and 
putting a blank plate iu its stead. The operation of changing plates, 
weighing six or seven hundredweight each, is performed by half a dozen 
men in less than one minute, and whilst one plate is being punched, these 
men get another ready to put into the machine. As these machines take 
eleven to twelve strokes per minute, it follows that (with a 4-inch pitch) a 
12 feet plate may be punched in less than four minutes, and consequently 
that (allowing one minute for changing) it may perforate twelve such plates 
per hour. Many of the plates in the bridge are 12 feet long, 2 ft. Sin. 
broad, and {inch thick, and are punched for rivets I inch in diameter. As 
there are but few engineering concerns where such a perforating machine as 
that at Conway could be employed more than an hour or two per day, it 
appears to be very desirable that ironmasters should have them v and that 
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they ihonld also bare machines for straightening and bending plates i by 
wfcidi means they would be enabled to supply their customers with plates in 
1 tit state for being rivetted together. Were this system brought into prac- 
tice, engineers would turn their attention to adapt their work to the caps* 
bilities of the perforating machine, and thus great perfection, dispatch, and 
economy of construction would be the result. A drawing represented a 
machine (similar in principle to that already described) adapted to perforat- 
ing paper and thin sheet metal, such as sieves and window-blinds are made 
of® in which plain perforations, arranged in squares, may be made by a single 
row of punches ; and perforations, arranged qnincuncially, may also be msde 
by a single row of punches, by giving to the plate a lateral alternating 
motion ; but a double row of punches, arranged intermediately to each other, 
is preferable. Each of these arrangements admits of a great variety of fancy 
patterns by the application of the Jacquard principle. A large class of pat- 
terns may be produced by punches of various forms and sizes, which shall be 
to grouped together as to give to the work a columnar effect ; and the range 
of this class may be extended by giving the plate a zig-zag or waved motion, 
and still further extended by combining it with the Jacquard. Another class 
of patterns may be produced by employing two distinct sets of punches of 
different size or form, and with each set a Jacquard, to bring punches of the 
one or other set into action as required, and thus be made to produce repre- 
sentations of figures, landscapes, Ac., at pleasure. A farther variety of pat- 
terns might be produced by the introduction at intervals of punches contain- 
ing set patterns, sudi as sprigs, flowers, Ac., and perforating the ground 
with small punches. 

The foregoing is but a brief description of the capabilities of the Jacqnard 
Perforating Machine, which in good hands wonld be found to he nearly co- 
extensive with those of the Jacquard loom. Another drawing represented a 
double-acting machine for shearing (at the one side) and punching (on the 
other), at the same time, plates of iron | inch in thickness with holes 1£ in. 
In diameter, and to perform both processes to the extent of 18 inches from 
the edge of the plate. 

The Chairman said it was a machine represented as peculiarly adapted 
for perforating plates used in ship steam-boilers, girders, Ac. But, from 
the description, it appeared to him to be a very useful machine for steam- 
boilers generally. Seeing the great accuracy with which the punch is made, 
it wonld be rather interesting to follow out the applicability of the ma- 
chine. 

. Mr. Ald. Thornton asked if the machine punched in any other thsn a 
straight direction ? — Mr. Fothrrgill said it did, and it would punch twelve 
boles at once. 

Mr. Bryxr thought it was a very excellent pouching machine, and it 
might be applied to a great extent, and to all ordinary-sized boilers. 

In answer to questions by various members, Mr. Fothergill said, all the 
punches acted upon the plate at the same time. 

In order to give an idea of the nature of the work to be performed by 
this machine, we subjoin the annexed diagram and description, taken from 
the Manchester Guardian : — 

•« xhe d iag ram represents a portion of a wrought-iron plate, which we will 
assume to be, when entire, 12 feet long by 2 feet wide, and f inch in thick- 
ness, and requiring to be perforated, along each sides and ends, by a row of 
boles exactly four inches asunder from centre to centre, and each an inch 
In diameter; as well as by certain intermediate holes of the same size, the 
situation of which will be best understood from the diagrams. 



44 On looking to the left hand of the diagram representing the entire end of 
the plate, it will be seen that there ia vertically a row of seven dots, repre- 
senting seven perforations or rivet-holes. These perforations the machine 
makes at one moment, by bringing down with immense force seven punches 
of tempered steel, upon that part of the plate which at the time rests 
upon the same number of dies, also of tempered steel. These perforations 
being made, the punches are lifted clear of the plate, which is then moved 
forward longitudinally, exactly four inches ; and then the striking peculiarity 
of the machine comes into play. 

41 It will be seen on looking carefully at the diagram, that the second row 
vertically of perforations, counting from left to right, instead of seven con- 
tains only two, one at the upper and the other at the lower margin, 
each forming a part of the two side rows of rivet-holes. These two holes 
the] machine perforates also at one blow ; but as there are seven punches, 
and only two are required, the five intermediate ones are thrown out of use 
by a contrivance exactly similar in principle to that of the Jacqnard loom, 
by which figures are produced in silks and other fahries. The third vertical 
row of holes, still continuing from the left, consists of fonr, the fourth 
again of two, the fifth of three, and so on, the number varying through the 
whole length of the plate ; and, in each case, the machine itself, without the 
slightest interference of the workman, moves the plate on to the required 
distance, selects the proper number and right situation of the punches, makes 
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the requisite number of perforations, and throws itself out of action when 
the plate is completed. Those who are aware of the force necemafy to per- 
forate an iron plate of moderate thickness, even with a single punch of small 
size, may form some judgment of the enormous power required to impel 
seven punches, each an inch in diameter, through plates three-quarters of an 
inch thick ; and it is a little singular to see this enormous power regulated 
in its operation by the identical meant employed in producing figures in the 
most delicate fabrics. The machine is calculated to make, when necessary, 
twelve perforations by one stroke, and to produce any requisite combination 
of twelve or any smaller number of punches, at distances of three or four 
inches from each other. The speed with which the work is performed may 
be understood from the fact, that it regularly completes the perforation of 
one plate of the size above described, — namely, 12 feet long and 2 ft. 4 in. 
wide, — in four minutes ; and if the plates were so quickly supplied as to 
prevent any loss of time, which might easily be done, it would complete 
them regularly at that rate. As it is, fifty have been completed in four 
hours. But the facility and dispatch resulting from the use of the machine 
are not, perhaps, its greatest merits, so far at least as the construction of 
tubular bridges and beams are concerned. In such cases, the strength of 
the fabric depends in a great degree upon the whole of the rivets completely 
filling the perforations, retaining a regular cylindrical form, continuing per- 
fectly straight, and being, throughout their length, exactly at right angles 
with the fsces of the plates. As each of the perforations represented in the 
diagram is intended to correspond with a similar perforation, either in 
another plate, or in an angle or T iron, it must be obvious that deviations in 
opposite directions of a sixteenth of an inch in each, would prevent them 
fitting each other by an eighth of an inch altogether; and, whatever might 
be done by enlarging one or both of the holes, to bring them a little nearer 
each other, the firmness and strength of the work most be impaired by he 
direction of the rivet being rendered in some degree oblique, instead of being 
exactly at right angles with the plate ; whilst, in the work perfoimed by the 
machine, the perforations are set out with such accuracy that they always 
correspond precisely, and the rivets retain their proper form and direction.” 

The Dimer . — In the evening the members and friends, amounting to 
about 100, dined together at the Queen’s Hotel— Mr. M‘Connell presiding. 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

Jan, 24.— Mr. Charles Fowler, Y.P., in the Chair. 

The donations included a number of works by the celebrated archaeologist, 
M. de Caumont, of Caen, a corresponding member of the Institute. Mr. 
Wallen sent a portion of the mosaic pavement found nine feet below the pre- 
sent level, while digging the foundations for the new warehouses of Messrs. 
Morley, at the corner of Gresham -street and Wood-street. Mr. Wallen 
thought a Roman temple formerly stood on the spot. 

Professor Donajloson read a paper on 44 Caen, its Quarries and Buildings , 
with a few words on Arras,* 9 This paper we have given in full in another 
part of the Journal. 

Some very high compliments were paid to Mr. Donaldson on this valuable 
paper. 

Feb, 7. — Mr. Angell, V.P., in the Chair. 

Among the donations reported were Canina’s work on Etruria, sent in the 
name of the Queen of Toscany ; Mr. Sharped “ Architectural Parallels and 
eleven volumes of the 44 Bsu Zeitung,” the architectural journal of Vienna, 
edited by Mr. Forster ; and parts of Billings’ 44 Antiquities of Scotland.” 

Mr. Wright sent a set of drawings illustrative of the ceiling at Carpenters' 
Hall, London-wall. 

Mr. G. L. Taylor read a paper in reference to the New Western Gas 
Company, entitled 44 Some observations on Gas-works , and the details qf the 
Manufacture qf Gas ; with the view of showing that it is capable of being 
rendered so Pure as to be introduced beneficially throughout Houses , Manu- 
factories, and Public Buildings ,” 

Mr. Burn observed that formerly be resided at Edinburgh ; that he had 
twice as many burners as he now has in London, and paid at a much higher 
rate, being 9a. per 1,000 cubic feet. The gross charge at Edinburgh was 
however only one-half of the London gross charge, arising from the superior 
illuminating qualities of the Edinburgh gas. It is true, the latter is made 
from Cannel coal ; but there is an unfortunate temptation to gas compa- 
nies to deteriorate the quality of gas, in consequence of the charge being 
made oo the quantity. He further observed, that though the Edinburgh gas 
it superior in illuminating power, it is not free from impurities ; in proof of 
which he said all the hook-binding and leather furnitnre of a new dub-bouse 
at Edinburgh had bean destroyed by the gas, as the book-binding of the 
Athenaeum club-house, in London, has likewise been injured. 

Mr. Palmer dwelt upon the importance of the purification of gas, aad 
said that the new plan showed its practicability. 

The Western Gas Company have their works in a building at Kensal- 
green, 166 feet in diameter. They propose to use Cannel coal, and supply 
gas at 6s. per thousand feet, which they say is as cheap as common gss at 4s. 
per thousand. 
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INSTITUTION OF CIVIL ENGINEERS. 

Feb. i. — J oshua Field, Esq., President, in the Chair. 

The President, in taking the Chair for the first time since his election, 
addressed the members at considerable length, dwelling chiefly on the inti- 
mate connection between the civil and mechanical engineers, their depend- 
ence upon each other, and the importance of maintaining that union between 
the two branches of the profession that had ever been one of the main 
objects of the Institution. He showed, that originally engineering was con- 
fined to the constructive or mechanical branches ; raising heavy weights, 
building mills, draining mines, and all the primitive wants of mankind ; 
by degrees, as civilisation extended, the exigencies of the world became 
greater ; luxuries were required, that could only be supplied by greater ex- 
ercise of talent and skill; manufactories were multiplied, manual labour 
could no longer suffice, the steam-engine was generally employed, and the 
consequence of this increase of production was, that the roads required to 
be amended, rivers and canals to be cut, for carrying this abundance of mer- 
chandise and passengers, whilst docks and harbours required extending, for 
the reception of the shipping for the increasing export trade. These wants 
called into being another class of men, who, with great mechanical skill, 
combined more than ordinary theoretical knowledge and business habits, to 
enable them to combine and use the powers of all other classes. These men 
were termed civil engineers, in contradistinction to military engineers, whose 
education and experience fitted them solely for the art of war ; and by these 
men, Great Britain had been placed first in the list of the civilizers of man- 
kind. Mr. Field, as the first president elected from among the mechanical 
engineers, dilated, at length, upon the immense strides made within the last 
century in the production of the mechanic arts and in public works, under 
the combined efforts of the two classes alluded to. He then entered more 
minutely upon the subject of steam navigation, to which he had principally 
devoted his personal attention, and gave most interesting details of the sub- 
ject, ending by apologising for occupying so much of the time of the meet- 
ing by saying, that he must be permitted to feel more than ordinary pride in 
being elected the president, when he looked around him, and saw that the 
association of six young engineers, who, in 1818, met occasionally to chat 
over mechanical subjects, had extended, in the course of twenty-nine years, 
into a society consisting of upwards of 600 members, and comprising within 
it almost all the engineers of eminence in Great Britain. — The address was 
vehemently applauded, and the president was requested to allow it to be 
printed in tbe minutes of proceedings. 

The discussion was then renewed upon Mr. Ransome’s paper, “ On the 
Manufacture of Artificial Stone.” 

The Dean of Westminster, Sir Henry De la Beche, Mr. John Phillips, 
Dr. Garrod, Mr. Barry, and other visitors, took part in the discussion with 
the principal membern of the Institution. The remarks turned chiefly upon 
the chemical and physical properties of the material, and the cost of its 
production in the moulded form as compared to that of carved stone. In 
its chemical properties it was shown to be at least equal in purity to the 
production of Nature ; for, on the statements of the eminent chemists who 
had subjected it to severe tests, it was proved to be totally insoluble in boiling 
water, however long immersed, and also to be capable of resisting the action 
of mineral acids. In this respect it differed from glass, which always yielded 
a portion of its alkali to the action of water. It was further stated, that it 
had perfectly resisted tbe action of frost, vases filled with water having been 
repeatedly frozen without their sustaining any injury. Satisfactory state- 
ments were adduced as to its strength and other physical properties, and 
some very interesting remarks were made on the subject, comparing the 
substance produced artificially with certain sandstones found in this country, 
which, by the action of compression and heat, had attained a degree of hard- 
ness equal to quartz. The experiments of Hall and Watt on the production 
of artificial stones were also alluded to as bearing upon the question. Ex- 
periments made on the strength of the artificial stone proved it to be superior 
to those natural stones with which it had been tested — viz. : Caen, Bath, 
York, or Portland stone. Numerous specimens were exhibited to the meet- 
ing, showing its universal applicability to constructive and decorative pur- 
poses ; fractured pieces were shown of every variety of texture, from the 
porous sandstone to the most compact graoite. The price of the material 
was stated to be such as to render it available for all useful and ornamental 
purposes. 

Feb . 8. — Joshua Field, Esq., President, in the Chair. 

The paper read was “ An account qf the recent Improvement t in the 
Drainage and Sewage of Brief ol.” By Mr. Jambs Green. 

From this account it appears, that for many years past, great reformation 
had been requisite in the sewage of several parts of the city of Bristol, and 
more especially in the localities adjacent to the course of the River Froome, 
whose channel had become a large cesspool, spreading miasma and disease 
all around. This river formerly emptied itself into the River Avon, in the 
city ; and then all that was brought down by the stream was carried away 
by the tide ; but, when to form the floating harbour, the old course of the 
Avon was dammed across by lock-gates, and a new cut was made for carrying 
off the contents of the sewers emptying themselves into the Froome, a nuis- 
ance of the most serious character was created, and the bed of the river 
became permanently affected. Mr. Mylne, some years since, constructed a 
lateral culvert from the embouchure of the Froome, debouching in the new 
cut ; this did partial good ; but still the general state of the river remained 


unimproved ; and, in deference to the universal demand for sanitary reform, 
the authorities of Bristol employed Mr. Green to devise and execute plana 
for the improvement of the sewage of the part of the city most demanding 
it. He laid out comprehensive plans, but the estimate of their cost exceeded 
the fuuds at the disposal of the council ; so he modified them, and the result 
had proved most successful. The proceedings were to bring the channel of 
the river into an uniform width, by building side walls, with gutters in the 
upper slopes, conveying the sewage into tbe stream, obliterating the shoal, 
and cleaning up the bed, thus bringing it to an uniform inclination ; remov- 
ing the obstructions caused by the pier of the Castle Mill-street-bridge ; 
lowering the height, and extending the length of the Wear at the castle 
moat, with new flood-gates, &c. ; deepening the bed of the upper part of the 
stream, and thus making convenient arrangements for cleaning out and flush- 
ing the channel, and passing off the products through Mylne's culvert into 
the new cut, whence it was conveyed away by the tide. The Dock com- 
pany’s culvert was also cleansed and repaired at the same time, and brought 
again into operation. Many difficulties attended these proceedings, but they 
were skilfully combated, and the result has been most complete success ; and 
it is to be hoped, that the further ameliorations of which the general sewage 
of the city is susceptible, may be equally successful under the control of Mr. 
Green, who has so ably conducted them upon a modified scale. For, as the 
actual expenditure was not more than £4,537, as stated in the paper, and 
such beneficial effects have been obtained, there can be no reason why any 
proper measure of sanitary reform should not be carried into effect. 

In the discussion which ensued, several very able men took part, bearing 
testimony to the satisfactory nature of the improvements made by Mr. 
Green at Bristol. The conversation then turned upon the employment of 
the contents of sewers for agricultural purposes. The system proposed by 
the various companies were detailed and canvassed. The lands which had 
been rendered fertile by the application of liquid manure, near Edinburgh, 
and near Mansfield, were quoted as examples of the efficacy of the system ; 
but, on the other hand, it was shown that these were not fair examples, as 
the localities were peculiar ; the cost of the establishing was much larger 
than could usually be borne ; and that, in general, if the distribution of the 
contents of the sewers was to be made by pipes and pumping, the returns 
would never repay the outlay. 

Feb. 15. — The discussion upon Mr. Green’s paper, was renewed, and con- 
tinued throughout the evening, to the exclusion of all other business. The 
main object of the paper appeared, unfortunately, to be lost sight of by the 
speakers, in their anxiety to bring forward; or to defend, the positions as- 
sumed by various companies, which had been formed at different periods for 
using the products of the sewers for agricultural purposes, but which, in the 
former part of the discussion, had been somewhat impugned upon commersial 
grounds. The statements made at this meeting were only repetitions of 
what has been repeatedly printed in reports, and in evidence before the 
sanitary commissions ; and the whole evening may have been said to have 
been wasted, in spite of the attempts of some of tbe members to bring the 
discussion to the real question of the best modes of laying out a system of 
sewage for large towns, the forms of the sewers, Based upon the laws go- 
verning the conveyance of fluids — which, it had been stated in some of the 
“ blue books,” were not understood by civil engineers, a statement which 
was shown by some of the speakers to be not consonant with facts ; for that, 
if the selected, rather than collected, evidence given before the Health of 
Towns Commission were analysed, it would be seen that the exploded 
dogmas of the older writers on hydraulics had been received and adopted, 
rather than tbe formulae of modern writers, or the actual practice of civil 
engineers of eminence, whose experience on such subjects was necessuily 
great. It was true, that hitherto, in consequence of the absorbing topic of 
railways, eminent engineers had not devoted themselves to the subject of 
sewage to the extent they might have done ; but, when the time arrived for 
their doing so advantageously, or the exercise of their skill was demanded by 
the government, or by private enterprise, they would be found quite prepared 
to devote themselves to the work. 


SOCIETY OF ARTS, LONDON. 

Jan. 19. — William Fothergill Cooke, Esq., in the Chair 
The Secretary read a paper by Dr. Harding, “ On some ancient Greek 
Vaees t excavated by him from Tombs near Hexamili, in the Isthmus qf 
Corinth” 

“ In the autumn of 1840, having obtained by private influence, an order 
frejn the prime minister, permitting me to excavate for antiquities, I pro* 
ceeded (observes Dr. Harding) to Corinth, and hearing that the peasants 
frequently found ancient tombs, containing vases, under tbe village of 
Hexamili, I proceeded thither with a party of labourers. Hexamili lies 
between Corinth and its ancient port of Cbincre, within three miles of 
the spot where the Isthmian games were celebrated. The ground about 
Hexamili is, for tbe most part, rudely cultivated, and grows good crops of 
wheat ; ancient quarries alio abound. The plan adopted in searching for 
tombs is that of boring the ground with augers, seven feet long, till the in* 
strument meets with some obstacle to its further progress, when it is with- 
drawn, and the ground is again pierced in other directions, to ascertain the 
size and nature of the obstruction ; this is also tested by the sound of the 
instrument striking against it. When a tomb is discovered, and this is 
generally at a depth of about four feet, the earth is excavated in the usual 
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manner in which graves are dug in England ; and as soon as sufficient of 
the covering of the tomb is exposed, a man sits down with a heavy hammer 
(such as is used by masons), and with this a hole is made in the lid or 
covering to the tomb. A hand is then carefully inserted, and human bones, 
vases, &c., are generally extracted. The greatest number of vases I found in 
any one tomb was fourteen, and children’s tombs had proportionally small 
vases. Having in three days collected enough to load one of the small 
horses of the country, I got them to Corinth, whence they were sent to 
Athens, and afterwards by sea, via Malta, to London.” 

Mr. Birch, of the British Museum, was in attendance, and stated that he 
vras unable to give any account of the chemical constituents of the vases, 
or the particular manner of their fabrication ; still he should be glad to 
offer a few remarks in reference to the specimens exhibited. It is only 
of late years (he observed) that the conclusion had been come to that 
large manufactories of vases existed in Greece ; they had always been sup- 
posed to be of Etruscan produce. The fictile art had been supposed to be 
confined almost exclusively to Italy, although numerous excavations had 
been made at Athens, and a few at Corinth, which had produced spe- 
cimens similar to those exhibited, and which he divided into classes. The 
most ancient vases (and which are distinguished from all others by the 
material of which they are composed) are of a light yellow clay, aud have 
figures and animals painted on them in a maroon colour. Their date is sup- 
posed to be about 616 years before Christ. About this period the fictile 
art is reported to have been introduced among the Etruscans by the Greeks. 
The second class of vases are of a pale red clay, and the figures, instead of 
being of a maroon colour, are traced in black, in order to show the details 
more distinctly. This style appears to date from the fifth to the middle of 
the fourth century before Christ. The third class is one in which the 
colour was laid on by means of a reed. But perhaps the highest style, and 
one which is peculiar to the vases found at Athens, is that in which the outline, 
&c., is traced in white paint, or a sort of carbonate of lime. The vases 
exhibited he thought peculiarly interesting, as deciding that the vases of 
Italy may be considered to be the manufacture of Greeks settled in Italy, 
and not imported from Greece into that country. 

Dr. Harding stated that the tombs at Hexamili seem to have been 
scattered in irregular patches; but the cemetery appears to have been very 
extensive, measuring nearly half a mile in each direction. No inscriptions or 
marks whatever are visible on the stones of the tombs, nor is there any 
other apparent difference externally than that of size. The bones in them 
were tolerably perfect, and the skulls nearly entire. He found but one piece 
of metal, apparently part of a large bronze needle or bodkin. Generally, the 
contents of the tombs were in a wonderful state of preservation, considering 
that they were, in all probability, at least 2,000 years old. 

Jan. 26. — George Moore, Esq., F.R.S., in the Chair. 

The Secretary read a letter from Mr. Dwyer, in which he states, as the 
Society is to meet for the purpose of investigating the forms of Ancient 
Pottery , he begged to present for its acceptance a series of sketches, believ- 
ing that they might prove of some utility in assisting its researches. He 
says that having observed that ancient art generally originates through the 
imitation of natural objects, he was led to infer as highly probable that the 
beautiful outlines of the Grecian vases emanated from similar sources ; and 
proceeded to point out the exquisite forms of leaves and fruits, suggesting 
the probable manner in which they had been used to give character and 
beauty of outline to those manufactures. 

The second communication was from Mr. W. T. Griffiths, and accom- 
panied a copy of his work 44 On the Natural System of Architecture .” 

The communication alluded to the work as pointing out the geometrical 
proportions of the temples of Greece, and calling attention to the applica- 
bility of geometrical design to domestic architecture, and as also affording a 
ready means of obtaining beautiful patterns for oil cloths, carpets, &c. The 
author then proceeded to point out the improbability of the ancient Greek 
vases being constructed on any other than pure geometrical principles, as is 
proved by analysis ; and concluded by alluding to the mistaken but very 
prevalent notion that to produce a beautiful building, it is necessary to over- 
load it with meretricious ornament, — instead of feeling that the more sim- 
ple is often the more beautiful design. 

Mr. Varley made some remarks in reference to Mr. Dwyer’s communi- 
cation, and stated that although we have many artists of highly-cultivated 
taste, still they have not the necessary knowledge to enable them to produce 
good art. In reference to a leaf having given rise to the forms of the Greek 
vases, he would observe that a leaf in itself is a pendant body, and as such 
is very beautiful : but no single leaf would stand upright. We might take 
some pendant fruits, such as the apple, — which might be said to have a 
base, and some vases might be compared to it ; but he did not think that 
they gave rise to the forms of the Greek vases, although he must admit that 
Nature was the first teacher of everything that is beautiful. There are cer- 
tain rules, Mr. Varley said, which Nature suggests, and which we find the 
Greeks used ; and he proceeded to point out the following method which 
might be used for producing agreeable forms, such as the bodies of the vases 
exhibited — viz., by taking one-quarter of an hyperbola, parabola, or ellipse, 
according to the outline desired ; and by rotating it on its axis at any given 
angle, it would be made to produce the figure desired. Similar simple 
methods for obtaining the necks and stands for vases were also described. 

The Secretary made some remarks on the forms of vases, and stated 
that if beauty consisted in the imitation of Nature, as suggested by Mr. 


Dwyer, a man would have nothing to do but to take the first leaf of a tree 
as soon as he came to it ; instead of which, discontented with the first fifty 
leaves, he goes on seeking and seeking, till at last he finds one which pleases 
him, because it comes up to the ideas in his own mind, and which he had 
preconceived as the standard of beauty. 

Mr. Wyndham Harding considered that the effect of vases and other 
domestic utensils, as well as the architecture of everyday life, should pro- 
duce on the eye an effect equally pleasing with music on the ear ; and that, 
as in order to obtain harmony in music it is necessary that the cords or 
wires should each vibrate a proportionate number of times, so should the 
proportions of one part of a vase bear a given relation to those of another. 
In relation to architecture, several persons have considered that certain nu- 
merical simple proportions can be traced as existing in the various members 
of ancient Greek temples, and Mr. Donaldson had stated that he has revived 
the means of determining the precise proportion of various parts of all 
Gothic buildings : and these geometric and harmonic relations must have 
been known to the Greeks in the formation of tbeir works. 

Mr. Smith stated that he did not consider that geometry was used by the 
ancients to the extent which is generally attributed to them, but rather that 
their works were the result of a practised eye and hand, guided by a highly- 
cultivated taste. 

Feb. 9.— Baron Goldsmid, V.P., in the Chair. 

The Secretary introduced the business of the evening by some remarks on 
il Polygonar Decorations, ft as follows. 

The discussion on the construction of ancient Greek vases, which had 
lately occupied the meetings of the Society, had occasioned several treatises 
to be written and a great amount of attention to be paid to the subject. It 
is continually alleged as a fault of the art in our day, that instead of boldly 
creating forms and trusting to our own minds, and carrying out those feel- 
ings according to what we consider the enlightened principles which we have 
struck out for ourselves, we are contented to take for granted that the an- 
cients were artists truly unapproachable, and such we can never hope to 
equal, much less to excel ; and, therefore, the best thing that we can do is 
to abandon altogether originality, and give ourselves up to the study and 
copying of the antique forms. The Secretary then pointed out the effect of 
a design upon the mind and senses in the case of polygonar art, and called 
attention to the effect of such a combination of colours and forms as shall 
produce upon the mind the effect of a design standing out from the wall or 
pavement, but which, if felt by the hand or foot, is perfectly flat. He next 
proceeded to point out the forms of the tessera and geometric figures which 
had hitherto been used in combination to produce design, and pointed out 
the beauty and variety of design whioh might be obtained by the combina- 
tion of a form of tessera, which, although not new, had not up to this time 
been used as the base of a pattern. The figure which was pointed out as 
most applicable to mosaic decorations was the triangle of Plato, any num- 
ber of which might be arranged round a point and made to cover ah entire 
surface, forming bands either horizontally, diagonally, or any variety of dia- 
mond figures, as the pides of the triangle bear a peculiar ratio, namely, 30, 
60, and 90 degrees ; whereas, where figures of inharmonious ratios are used, 
the same variety cannot be obtained. 

Having thus pointed out the applicability of geometric figures to the pro- 
duction of beautiful forms, the Secretary gave several extracts from a paper 
on the 44 Beau Ideal Head,” by Mr. D. R. Hay ; from Mr. Blashfield’s paper 
on the 44 Construction of Fictile Vases Dr. Wampen’s communication on 
the 44 Geometrical Proportions of the Human Figure and Mr. Digby 
Wyatt’s paper on 44 Ancient Tessera also a letter from Mr. J. Jopling, as to 
the improbability of ancient vases having been constructed on any other 
than purely geometrical principles. 

Dr. Harding made some remarks as to the uses to which the various 
cups and vases excavated by him had been applied, and gave the following 
quotation from an ancient Greek play, as illustrating the purpose to which 
the Lecyth£ had been applied. The play is one in which a young man is 
represented as jeering an abandoned old woman, and is saying — 

“ But you old wretch, I greatly dread your lover." 

"Who?" 

44 Why, that first of artists." 

"Who is that?" 

44 He who for dead men paints the Lecythl." 

Another quotation as pointing out the use of these vessels, is as follows 

44 You left me like a corpse laid out j only uncrowned and with no Lecyth£s on me.' 4 
After alluding to the probable purposes to which the several other specimens 
of vases were applied, Mr. Harding stated that what had been said by Mr. 
Birch at a former meeting (as to the manufacture of vases having been in- 
troduced into Italy by Eucheir and Eugrammus, artists who had fled from 
Greece), was a myth, and could not be received. Corinth, he observed, has 
been celebrated at all times, according to Strabo, for its politicians and for 
the promotion of the useful arts, both graphic and plastic, and for every 
species of useful application of them ; also for some beautiful, but not nu- 
merous, specimens of objects connected with sepulchral rites. 

ROYAL SCOTTISH SOCIETY OF ARTS. 

Jan. 24. — George Buchanan, Esq., F.R.S.E., President, in the Chair. 

The following communications were made : — 

1. Description of a Marine Hydrometer, adapted for ascertaining the 
comparative Saltness and Freshness qf Sea and River Waters. By George 
Buchanan, Esq., President. 

13* 
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This is an instrument which Mr. Buchan ad stated he had found extremely 
useful in inquiries connected with the prevalence of sea and river water in 
different estuaries, and therefore he thought a short notice of it might not be 
uninteresting to the Society. In the great question connected with the 
salmon fisheries in regard to the respective limits of the river and the sea, 
the prevalence of fresh or salt water had been considered an important ele 7 
ment ; but finding the usual methods of measuring the specific gravity by 
weighing the waters in a delicate balance, not very applicable where nume- 
rous specimens were required to be tried on the spot, it occurred to him 
that something on the principle of the hydrometer might be used, and this 
was the instrument which was exhibited, consisting of the bulb of a spirit 
hydrometer, loaded so as just to sink the bulb in salt water, and having a 
long stem attached, which, in fresh water, becomes almost wholly immersed. 
Some difficulty was found at first in adapting the scale, as it must not only 
be thin but light, otherwise it tends to overbalance the instrument. A slip 
of whalebone or ivory answers sufficiently well, and several instruments were 
shown of this description, and one entirely of brass. The use of the instru- 
ment was clearly exhibited in several experiments with fresh water, and 
with the waters of the Forth, some from Granton Pier, some from Queens- 
ferry, and some from Alloa. From Granton Pier the water, even at low 
tide, has a very little impregnation of fresh, as compared with the German 
Ocean, which he had found, along the eastern shores of Scotland, seldom 
to exceed the specific gravity of 1026, fresh water being 1000. At Granton 
Pier the average of high and low water was found 1024£, or about one part 
fresh in sixteen salt. At Queensferry it was found 1023, or about one part 
fresh in eight salt. At Alloa the waters at low tide are almost quite fresh ; 
and at high water the specific gravity was found nearly 1012, or nearly half 
fresh, half salt. A considerable difference is found between the surface and 
bottom waters. The specific gravities of different seas were then stated. 
The Arctic ocean 1027 ; the waters under the equator 1028 ; and the 
Mediterranean, which is nearly the saltest of any sea, 1029. But the 
heaviest of all waters are those of the Dead Sea, which are strongly im- 
pregnated with sulphurous and bituminous ingredients, as well as with salt, 
and have been found about eight times heavier than sea water as compared 
with fresh, having the extraordinary gravity of 1211. By the use of this 
simple instrument, many interesting observations might be made by voyagers 
in different seas. 

2. Description and Drawing qf a Glass-Blowing Apparatus , being a new 
invention in the Blowing qf Glass. By Mr. William Cooper. 

This invention consists in effecting the blowing of glass by means of 
double bellows placed under the floor, acted on by the foot of the glass- 
blower, and the air is carried to the blow-tube by means of a flexible tube, 
easily attached and detached from the nozzle of the ordinary iron tube. 
The advantages are stated to be, that larger articles can be blown, that the 
glass is freer from “ cockle/' and that the lungs of the workman are saved, 
and his muscular energies not being so severely taxed, he will be able to 
produce a great deal more manufactured goods in a given time. The air 
blown by the bellows being of a much purer quality than that from the 
lungs, produces a better article. That larger sizes and a thicker substance 
of blown plate may be obtained by this new process, and the sheet-glass 
manufacturer will be able to compete with the cast plate-glass monopolist. 
That “ carboys" to contain twelve and sixteen gallons have been successfully 
blown by this process. Mr. Cooper then recommended that this process 
should be adopted in Edinburgh and Leith, where coal is cheaper than in 
Staffordshire by 4s. per ton, and where living and house-rent are about one- 
fourth less ; the workmen all preferring Leith, from its healthy situation, cheap- 
ness, and family conveniences. Locality, he stated, is now looked at; 
economy in carriage is itself a profit to the manufacturer, now that the 
duties are removed, and all the English manufacturers circumscribing their 
connection. 

3. Description qf an Elevator , for raising Building materials or other 
bodies , — and capable qf being used as a Fire-Escape— containing a new qp» 
vlication qf the Pulley . By Mr. Robert Davidson, Engineer. 

Mr. Davidson stated that tbis machine or elevator was applicable as a fire- 
escape, and well suited to the raising of small weights to great heights, such 
as in mills and factories ; or in the raising of scaffolding for workmen, such 
as painters, plasterers, masons, &c. It consists of a number of sliders, 
moving within each other by means of a fixed pulley attached to the top of 
a fixed upright, which is hollow, containing all the other sliders, which are 
hollow also, except the last one, which may be solid, the top of which con- 
tains a platform enclosed by a railing. There is a chain or rope fastened 
to a hook in the bottom of the top slides, passing over a moveable pulley, 
made fast to the top of the next slide, and passing down the outside of it 
and made fast to the top of the next slide following, on the top of which 
is also a moveable pulley, over which passes a rope or chain made fast to a 
hook in the bottom of the slide immediately preceding, the other end of 
which is made fast to the top of the fixed hollow upright, on the top 
of which is placed a fixed pulley, which guides the chain whereto the 
power is applied ; the one end being made fast to a crane barrel, and the 
other end attached to the bottom of the slide next adjoining, which compels 
a simultaneous movement of the whole machine. 


NEW PALACE OF WESTMINSTER. 

Return {dated December 20, 1847) qf the Aggregate Amount al re ady 
paid , or agreed to be paid , to Contractors and other Persons for the Purchase 
qf Land and Houses for the Erection qf the Palace qf Westminster (or 
Houses qf Parliament ). 

1. The cost of the purchase of the lands and heredita- £ s. eL 

ment .. .. .. .. .. .. 82,054 19 3 

2. The cost of the wbarfing, terrace, and foundations 

for the building. . .. .. .. .. 139,185 7 10 

3. The cost of the carcase or shell already executed 

(exclusive of alterations as under) . . • . . . 453,648 12 0 

4. The cost of the principal alterations made from 
time to time. These alterations (involving changes in 
the original plan) consist of official residences for the 
librarian and clerk of the House of Commons, accom- 
modation for the law courts, alterations of the Victoria 
tower, offices for the clerk of the crown, and works con- 
tingent upon the warming and ventilating arrangements, 

Ac., which were severally reported to her Majesty’s Com- 
missioners of Woods, &c., and sanctioned by parliament 
in March 1843. Also, of an increase in the size and 
height of the Victoria hall, sanctioned by her Majesty's 
Commissioners of Woods, &c. . . . . . « 25,469 0 0 

5. The cost of interior finishings . . . . 74,134 6 0 

6. The cost of the internal decorations of the House 

of Lords and its adjuncts, as far as they have been com- 
pleted (including preparations for lighting) .. .. 21,600 0 0 

7. The amount of commission and other charges paid, 
or to be paid, to the architect on account of works and 

services already executed 1 .. .. . . 26,315 2 11 

8. The amount paid to surveyors, valuers, clerks of 
the works, and all other persons who have been em- 
ployed, and not included in the architect's or builder’s 

charge .. .. .. .. .. 10,861 5 8 

The amount of the whole expenditure of every de- 
scription, under these principal heads, for pur- 
chases made and work done at the Palace of 
Westminster, and its appendages, up to 31st day - 

of December, 1846. .. .. .. £833,268 13 8 


Estimate for the Sums which will be required to pay for such other Lands 
and Hereditaments intended to be purchased for the completion qf the Palace 
and the Approaches thereto / qf the Sum required to finish the Houses qf 
Lords and Commons and their Appendages ; of the Sum necessary fbr the 
Victoria Tower , and alt other Works proposed to be executed to finish the 
Palace. 


1. The cost of lands and hereditaments intended to 

be purchased 2 . . . . . . . . . . 

2. The cost of the completion of the terrace and foun- 
dations of the buildings . . 

3. The cost of the carcase or shell yet to be executed 

4. The cost of the principal alterations. None pro- 
posed .. .. . . .. .. .. 

5. The cost of the interior finishings . . . . 

6. The cost of the internal decorations of the House 
of Lords and its adjuncts (including lighting and furni- 
ture) .. 

7. Amount of the commission to be paid to the archi- 
tect:*.. 

8. Amount to be paid to surveyors, valuers, clerks of 

works, and others, not included in the architect's or 
builder's charge . . .. .. .. . . 


£ s. d 

18,747 0 0 
356,328 0 0 

172,648 0 0 

20,044 10 0 


uncertain 


567,767 10 0 
Brought forward .. 833,268 13 8 


Total Cost .. ..£1,401,036 3 8 

The total cost of works executed, and estimated cost of the works to be 
executed to finish the New Palace of Westminster, is thus £1,401,036 3 8; 
but which is exclusive of extra finishings, works of decoration, fittings in 
libraries and refreshment rooms, Ac. $ fixtures, furniture, and upholstery ; 


i This amount includes (besides the professional remuneration to the architect on 
account of works executed to the general building) the commission upon works to the 
cofferdam, river wall, &c., and the sum paid for a detailed estimate, in accordance with, 
the approved design. 

a It Is proposed, under Treasury authority, dated November 28th, 1842, to obtain pos- 
session eventually of the buildings on the south side of Bridge. street, Westminster: the 
probable cost of these buildings has not been ascertained. 

a By Treasury letter, dated February 25, 1839, the sum of jtf 26,000 was directed to be 
paid to the architect as professional remuneration for superintending, directing, and 
completing the Houses of Parliament in conformity with the original design ana esti- 
mate. (It is right to state that the principle of this arrangement has never been acceded 
to by Mr. Barry). The re m a aeration to tne architect on account of works not included 
in his original estimate, but subsequently authorised, has not yet been the subject of 
consideration. 
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winning, ventilating, and lighting, Ac., except so far as sach works are 
already executed in the finished portions of the bonding; also, of the re- 
storation of St. Stephen’s crypt as a chapel, if it should be so determined ; 
the formation of landing* places towards the river, the paring of the several 
courts, dec., of the building, the altering of the levels, and the re-paring as 
well as lighting of the streets in its locality, Ac. Ac. The cost of which 
must depend on the nature and extent of the works ordered. 

In this amount there is a sum of £524,099 fit. for charges upon the pur- 
chase of lands and hereditaments, the cost of the rirer wall and embank- 
ment, the warming and ventilating arrangements, and the contingent fire- 
proof construction of the building throughout; the additional residences 
and other accommodation ordered from time to time to be incorporated in 
the building, the increased depth of the foundations of the entire building, 
the main sewers for the drainage of the building and its locality, the virions 
modifications of plan suggests! and recommended by committees of parlia- 
ment and other authorities, and for miscellaneous works ; all of which formed 
no part of the original design and estimate. 4 

Miscellaneous ExriNDimi connected with the building qf the New 
Police qf Westminster , not being for Purchases mode or Work done ot the 
New Hornet of Parliament , or included m the Architect s Estimate for the 
some, but defrayed out of Grantt noted by P arlia m e nt fbr that service. 

Pr e limina ry Meaturet. £ s. d. 

Premium and expenses connected with competition 
designs ; the expense of a tour of inspection, and of ex- 
periments made with reference to the selection of the 
particular description of stone to be used in the build- 
ing ; also payment to engineers for surveys of the bed of 
the river .. .. .. .. .. 4,902 3 10 

St. Stephen* t Chapel 

The expense ot making drawings in detail of the 
chapel previous to its being taken down, and engraving 
the same for publication.* .. .. .. 2,712 12 0 

Government Wood Carving Works , Thames Bank. 

These premises were taken to facilitate the progress of 
the interior finishings of the new buildings, by the erec- 
tion therein of earring machines, and the employment of 
carvers and other workmen in tfie immediate pay of the 
Department of Woods, and under the supervision of su- 
perintendents appointed for this service, and direction of 
the architect. 

The expense of erecting additional buildings to afford 
the necessary accommodation for carrying on the works, 
supply of water, precautionary measures against fire, 
rent (to the crown), rates, lighting, Ac. • •• .. 11,191 3 6 

The expense arising from damage done or re -instate - 
ment made to adjoining property during the progress of 
the works • . • • • . . . . . 1,522 5 4 

Payments on account of frescos .. .. .. 538 19 9 

Experimental Ventilation, Ifc. (Dr. Reid’s system). 

The expense of works, apparatus, salaries, and allow, 
ances in experimentally carrying out Dr. Reid’s system of 
warming, ventilating, and lighting at the present tem- 
porary Houses of Parliament, with a view to its adoption 
in the new building . . . • . • . . 8,328 7 3 

The expense of inquiry and reference as to the appli- 
cability of Dr. Reid's system of warming and ventilating 
to the new Houses of Parliament . . . . . . 946 13 6 

Minor expenses .. .. .. .. 97 12 6 

£30,239 17 8 

Statement qf the Amount qf each Original Contract, and qf every 
Alteration or Deviation therqfrom, and the Amount paid, or to be paid, for 
each Contract and Alteration, and under what Authority such Alterations or 
Deviations have been severally made . 

Contract, No. 1 (in Gross). £ «. d. 

For the river wall, and a part of the foundations of 
'the river front of the building .. .. .. 74,373 0 0 

Additional works in the river wall, reported to her 
Majesty’s Commissioners of Woods, Ac., and sanctioned 
by parliament .. .. .. .. 2,104 13 9 

£76,477 13 9 

4 A credit In aid towards defraying the above total estimated cost will arlae from the 
sale of old materials, estimated to produce 14,000 and also from the tale of the mate- 
rial# of the cofferdam, when it has served its present purpose. 

* A credit will arise under this head from tha sale of the publication. 

• As these premises will, after they have ceased to be used ss at present, be art liable 
for other public purposes, and tbe additional buildings will permanently enhance the 
value of tbe crown property upon which they have been erected, this expense is not 
wholly to be considered as a charge on account of Urn New Houses of Parliament. 


(Contract No. 2 (at Prices). £ s. d. 

For the remainder of tbe foundations of the river front, 
main sewers, Ac., estimated at . . . . 7,442 1 9 

Subsequent estimates and accounts reported to her 
Majesty’s Commissioners, Ac., and sanctioned by parlia- 
ment .. .. .. .. 4,720 Iff 4 

£12,162 18 1 

Contract No. 3 (in Gross). £ r. d. 

For the carcase of the river front, and a portion of the 
north and south fronts .. .. .. 157,615 0 0 

Change of stone, 8,500/. ; fire-proofing, 7,200 1 ; 
warming and ventilating works, 10,150/. ; reported to her 
Majesty’s Commissioners of Woods, and sanctioned by 
parliament: Total .. .. .. .. 25,850 0 0 

Additional cost of fire-proof floors, roofs, Ac-, and for 
warming and ventilating arrangements executed under 
the general authority of her Majesty’s Commissioners of 
Woods, Ac. to the architect to comply with Dr. Reid’s 
requirements .. .. .. .. .. 15,275 0 0 

Cost of stone carving upon the arrangement authorised 
by her Majesty’s Commisioners of Woods, May 13, 1841 23,829 14 0 

Miscellaneous works ordered by the architect, under 
the general authority given to him to carry out his plans 6,000 0 0 

£228,569 14 0 

Contract No. 4 (at Prices). £ #. d. 

The foundations of the central masses of the building 
from north to south, including the Houses of Lords and 
Commons, and their respective lobbies, corridors, and 
contiguous offices and apartments, and the foundations of 
the Victoria and other towers, estimated amount . . 17,822 1 6 

Subsequent estimates and amounts reported to her 
Majesty’s Commissioners of Woods, Ac., and sanctioned 
by parliament .. — .. . . 25,312 16 8 

£43,134 17 8 

Contract, No. 5 (at Priees). £ s. d. 

For the carcase of the superstructure above the foun- 
dations comprised in Contract, No. 4, estimated at •• 219,969 0 0 

1. Change of stone, 9,460/. ; fire-proofing, 8,400/. j 
warming and ventilating arrangements* 14,616/.; re- 
ported to her Majesty’s Commissioners of Woods, A&, 

and sanctioned by parliament : Total. . . .. 32,4 78 0 0 

2. For slating to flats and roofs, asphalting walls, 

lengthening sewers, Ac. ; reported to the Office of Woods 4,299 14 8 

3. For floor plates and other structural arrangements 
required for ventilation, executed under the general au- 
thority given to the architect to comply with Dr. Reid’s 

requirements ; not yet brought to aoeount and reported 12,180 0 0 

4. Per iron roofs and additional cost of girders and 

arches rendered necessary by the warming and venti- 
lating arrangements, and reported to her Msjesty’s Com- 
missioners of Woods, Ac... .. .* .. 26,500 0 0 

5. For cost of stone carving, under the arrangement 

sanctioned by her Majesty’s Commissioners of Woods, 21,137 17 9 

6. For miscellaneous and contingent works ordered by 
the architect under the general authority given to him 

to carry out his plans .. .. .. •• 15,000 0 0 

7. For the official residences for tbe librarian and for 
the clerk of the House of Commons, accommodation for 
law courts, alterations of Victoria tower, enlargement of 
Victoria hall, increased height of Victoria ball, offices of 
the clerk of the crown, and works contingent upon the 
warming and ventilating arrangements, reported to her 
Majesty’s Commissioners of Woods, and sanctioned by 

parliament .. .. .. . . . . 25,469 0 0 

£357,031 12 5 

Contract, No. 6 (at Prices). ^ a. d. 

The foundations and carcase of the suuerstructare of 
St. Stephen’s hall and lobby, and tbe pnblic approach 
from W es t min st er hall and St. Margarct’s-street ; esti- 
mated and reported to her Majesty’s Commissioners of 

Woods, Ac., et 57,631 0 0 

For change of stone, 4,040/. ; and warming and venti- 
lating arrangements, 3,234/. ; reported to her Majesty's 
Commissioners of Woods, and sanctioned by parliament 7,274 0 0 

For iron roofs and other warming and ventilating ar- 
rangements, executed under tbe general authority given 
by her Majesty’s Commissioners of Woods to tbe archi- 
tect to comply with Dr. Reid’s requirements « % «• 5,000 o u 
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£ s. d. 

Brought forward.. .. .. 09,905 0 0 

Estimated cost of the stone carving under the arrange- 
ment sanctioned by her Majesty's Commissioners of 
Woods, &c., May 13, 1841 3,520 0 0 


Conteact, No. 7 (at Prices). 
For interior finishings : Amount . . 

Contract, No. 8 (at Prices). 
For interior finishings : Estimated amount . 


£73,425 0 0 


£21,407 6 0 


£165,375 0 0 


A Copy op the Original Estimate (1837). 
River Front and Returns 
King's Tower 
Clock Tower. . 

Old Palace Yard Front. . 

New Palace Yard Front 
Public Entrance Approaches 
House of Lords 

Offices, Approaches, &c., to ditto 
House of Commons . . 

Offices, Approaches, &c., to ditto 
Law Courts . . 


211,047 

19 

0 

79,844 

15 

0 

18,013 

19 

0 

50,491 

1 

0 

36,112 12 

0 

82,617 

4 

0 

31,140 

15 

0 

62,906 

6 

0 

35,306 

9 

0 

48,614 

15 

0 

51,408 

5 

0 

£707,104 

0 

0 


ON CAEN STONE. 

From a paper read at the Royal Institution of British Architects , 
on January 24 th. By T. L. Donaldson, Esq. 

Being about to employ a large quantity of Caen stone in a work 
which is on the point of commencing, I was anxious to make 
myself fully acquainted with its properties and varieties, and the 
quantity of well-seasoned blocks that might be available in the 
market. I therefore determined to go to Caen itself, and visit the 
quarries. A few hours carries one over to Havre from Southamp- 
ton. and a steam-boat conveys passengers from Havre to Caen 
in four hours. The last hour is occupied in mounting the river 
Orne, which, in its course from the sea to some distance above 
Caen, has a flat country on the left bank of the river, but, on the 
right, generally a lofty bank, at times immediately overhanging 
the stream, at others receding from it, but again joining it. Not 
far from the mouth of the Orne, at a place called Ranville, 
quarries are worked in the face of this bank. It is a harder 
and coarser variety of the same stone as that near Caen, and 
of more open texture, w ith a more crystalline character, hence 
more adapted for hydraulic works than for buildings. Iam in- 
formed by our friend, Mr. H. C. Smith, that these coarse varieties, 
which doubtless are very durable, resemble in several particulars 
the stone from Weldon, in Northamptonshire, of which the oldest 
buildings at Cambridge are constructed. 

The material generally known to us under the appellation of 
Caen stone is of the oolitic formation, presenting a close analogy 
in its general, and even in some of its minor divisions, with the 
rocks of a similar kind in the south of England. The quarries 
whence it is derived are situated at Allemagne, a parish and village 
on the right bank of the river, at the distance of about a mile and 
a half, or two miles, above the city. The quarries heretofore 
worked occupy a superficial area of about four square miles. 
Some are worked by means of shafts, which afford access to the 
quarries under ground, branching off on all sides in long galleries, 
or multiplied by chambers, which are about 18 feet wide, and the 
ceiling-bed upheld by massive rude piers, which are left 9 feet 
^square and 18 feet apart, the height Deing about 15 or 20 feet. 
These quarries, which are immediately on the bank of the river— 
here abruptly rising from the water — have an access from the side 
of the bank, and are approached by inclined roads, leading from 
the summit of the banlc above and from the water s edge below. 
The openings to these dark and gloomy caverns have a very pic- 
turesque effect, and a continued series of them present themselves 
one after the other. The galleries penetrate to a considerable 
distance. The extraction of the stone is done by contract or task 
work, at so much per cube, the quarrymen removing the blocks 
and dressing them, and another set of men contracting for their 
carriage from the quarry to the quay at Caen. 

Immediately under the soil there are some thin courses of hard 


coarse stone and rubble, but the immediate ceiling-bed is called 
the banc cloutier , and is about 2 ft. 6 in. thick. It is of a hardish 
quality, but is not applicable for building purposes, as it contains 
a great quantity of pebbles, which offer great difficulties in the 
sawing and working. There are about six beds of good building 
stone, the five uppermost ones calculated for outside work, the 
lowermost adapted only for inside work, as it has soft portions, 
which do not well resist the atmosphere.* Much of this is used in 
the interior of thd new Parliament buildings. The aggregate height 
of these six beds is from 22 to 25 feet. It is to be observed that 
all these beds are not to be found in every quarry, one or other of 
them disappearing and re-appearing in the same manner as in 
England. The names which 1 am about to give do not obtain in 
all parts of the district ; and some of them have various designa- 
tions given to them by the quarrymen. The uppermost bed is 
called the banc pourri , about 3 feet thick, which is a very good 
quality of stone ; but occasionally it has in some portions the hard 
pebbles, previously alluded to. as prevailing to so great a degree 
in the banc cloutier , and therefore it is not so much esteemed for 
finer building purposes as the lower beds. The gros banc is the 
next bed, and has an average depth of 5 feet, but as it is inconve- 
nient to work to that large size, it is generally split into two, in 
heights of 3 feet and 2 feet ; and the smaller one is called the 
banqueret of the gros banc . La pierre franche bed comes next, about 
3 feet deep, which is of a harder quality, and well adapted for 
cornices, suls, copings, and the like exposed positions in a building. 
Next to this is the banc de quatre pieds, a very fine bed, which has 
the same appellation, and depth of 4 feet, in all the quarries, as 
also the next bed, called la pierre de trente pouces , being 30 inches 
deep, a good hard bed of stone, and forming the lowest of those 
fit for outside purposes and exposure to the weather. The sixth 
and lowermost bed of the building-stone is termed the franc banc 
and has a total depth of from 4 feet 6 inches to 5 feet, but this 
being, like that of the gros banc , an inconvenient depth, it is di- 
vided into a lower thickness of 3 feet, and an upper banqueret of 
20 or 24 inches deep. The w hole of the stone of these beds is soft 
and tender in the quarries, and the blocks are extracted with great 
ease. They are produced of regular size and squareness. When 
taken to the outside, and exposed to the atmosphere, they gradually 
part with much of their humidity, and harden ; and, if exposed 
on the quays during the winter, they are covered over to protect 
them from the frost. They saw freely with a common peg-toothed 
saw, without either sand or water, and are easily worked for 
building purposes ; and, being of a compact fine grain, they pro- 
duce very sharp arrises, and receive a very smooth surface on the 
face. 

During the winter little work is done in the quarries in regard 
to extracting blocks of stone ; but the men occupy themselves in 
sawing and squaring slabs about 12 or 15 inches square, and from 
an inch to an inch and a half, or more, thick, which are used for 
paving halls, galleries, and even some rooms inside their buildings. 
But the most extraordinary use to which 1 have seen these square 
slabs applied, was in the church of the Trinity of the Abbaye aux 
Dames. Two of the openings between the piers have been closed 
up, for the purpose of some repairs going on. I passed through a 
door in the partition or inclosure, both of which appeared to me 
of the same thickness. My surprise was great, and I examined 
the edge of the opening, and found it of stone, and discovered, 
upon closer inspection, that the opening, about 10 feet wide by 
20 feet high, was inclosed by these square thin slabs, about an inch 
and a half thick, placed on edge, put to gether with plaister, suffi- 
ciently stable to allow a door to work in its aperture. I subse- 
quently was told, upon inquiry, that the inside partition in rooms, 
10 feet high, are formed of the same material, and secured by oc- 
casional upright studs, 10 feet apart. These partitions are admi- 
rable, for they are very light, occupy little space, and form an ex- 
cellent ground to receive the plastering on the surface. 

The general character given of the Caen stone is, that all the 
beds are of the same quality, and all equally adapted for building 
purposes ; but evidently, from the information which I collected 
on the spot, and subsequently in London, from Messrs. Luard, there 
are modifications in each bed, as may be reasonably supposed, and 
as experience teaches us in the quarries of other oolitic stones in 
Bath and Portland. Various veins traverse the beds in all direc- 
tions, and have a white appearance ; this white substance is equally 
hard with the stone itself, and if a stone be laid with its bed 
parallel with the direction of these veins, it is of little consequence, 
but they, of course, indicate a certain unsoundness or division in 

* Tbl* is also the case with all the oolitic quarries in England. The uppermost bed* 
are hardest to work, but moat durable ; the lower beds are soft, and will not stand the 
weather so well as the upper ones. 
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that part ; and if the stone be laid with this vein in a vertical di- 
rection, the block will run the chance of being fractured by a 
weight, or, if near the surface, it probably may admit the wet. 
These veins are not like those in the Bath stones, which are hard, 
consisting of crystallized carbonate of lime, and running always 
in a vertical or inclined direction, and not liable to separation. 
In general it is considered that the blocks of Caen stone may be 
placed in construction in any direction, except when the white 
veins are perceptible. It is said that the most experienced eye 
can hardly detect the different qualities of the stone in the bloclc, 
when once they have been removed from the quarry, as the action 
of the quarryman’s tool on the surface hardly offers any indication ; 
and there is no appreciable difference in the appearance of the 
granular formation. 

There are in the vicinity of Caen, even to a considerable dis- 
tance, many beautiful varieties of this formation. At Falaise, 
about 20 miles off, higher up the Orne, is a fine compact stone, 
much harder than the Allemagne. Its texture is beautifully equal, 
and fine grained. Its price is one-third more than that of Caen 
stone, and, of course the labour upon it is considerably increased. 
It is well adapted for exposed situations, and is used, I believe, in 
the quays ana dock basin now constructing at Caen. 

I was, of course, anxious to ascertain whether the magnificent 
and ancient buildings in the citv could be relied upon as proofs of 
the quality of the stone in the Allemagne quarries, of which there 
is a traditional report handed down from one generation to another, 
that they are constructed. And, certainly, the lofty pinnacles 
and spires, and the solid high square towers, which rise up in 
clouds, defying the fury of the elements, for many years exposed 
to storms, hail, rain, snow, and frost, acted upon by all the alterna- 
tions of heat and cold, wet and dry, present a snarpness of arris 
and smoothness of surface, as seen from below, that prove a con- 
siderable degree of hardness in the stone of which they are con- 
structed. Less reliance can be placed upon the indications on the 
parts within reach, for exposed as they have been to the Vandal 
wantonness of the revolutionary phrenzy of destruction, and the 
Calvanistic zeal of misguided religious feelings, there are many of 
the lower parts broken away and considerably worn. But the 
attenuated and refined details of some “ renaissance ’ finials, pin- 
nacles, and flying buttresses, in the lady-chapels and apsidal altar- 
ends of the churches of S. Pierre and S. Sauveur, and S. Sauveur- 
le-Marchd of the beginning of the sixteenth century, more 
minutely enriched and elaborately carved and subdivided than even 
the most refined details of the flamboyant parts near them, are 
as fresh and sharp as if executed within the last fifty years. Time 
and weather have not had, on the monuments of Caen, the same 
corroding hideous influence as on the edifices of Chester, Coventry, 
or Oxford. The graceful spire of S. Pierre, the summit of which 
is 250 feet above the market-place, and itself more than 100 feet 
high, does not appear to be thicker than 9 inches in the lower part, 
and is reduced, it is said, to 4 inches thick at top. The immense 
weight and exposed situation do not seem to have affected it in 
the least degree; and it may be quoted, if not for size, at all 
events for its grace, daring construction, and state of preservation, 
after 540 years’ trial, with its sister spire of our own Salisbury, 
erected at the same period. 

At the same time, I am not prepared to assert whether the stone 
employed was all taken from the Allemagne, or from some other su- 
perior quarries ; but the appearance of the stone justifies the tra- 
dition of its origin, and I know not how to question it. 


CONWAY TUBULAR BRIDGE. 

Experiments on the Completed Structure . 

We are glad to be able to quote from a contemporary an ac- 
count of the experiments on the tubular bridge just completed, 
as given by Mr. Fairbairn himself, in a letter to a friend : — 

“ We have solved an important problem in practical science; and, despite 
the prognostication of some eminent mathematicians, the whole of my ex- 
periments at Millwall have been more than realised. On Wednesday last, 
the tube was suspended upon temporary piers, 400 feet span ; and with its 
own weight (1,300 tons), the deflection did not exceed, but was under, 
8 inches. With 300 tons of loaded trucks, the deflection was increased to 
11 inches — being, as near as possible, in the ratio of 1 inch to 100 tons of 
load. The computed breaking weight of the tube is 2,200 tons equally dis- 
tributed, exclusive of its own weight; and, having its perfect retention of 
form and great rigidity, 1 am of opinion that it would sustain 3,000 tons 
before fracture took place.” 

It appears from this account, that the deflection under a load of 
300 tons, is less than one foot — an amount which Mr. Fairbairn 


9S 

considers so small as to demonstrate the successful issue of the 
undertaking in which Mr. Stephenson, with the able co-operation 
of himself and Mr. Hodgkinson, is engaged. Certainly, when we 
consider the length of the structure, the multiplicity and complex- 
ity of the component parts, and the number of joints and rivets— 
the accuracy of adjustment, and the extreme nicety of workman- 
ship which effect the result stated, must appear wonderful ; and 
the superintendents of this great work, who have concerned them- 
selves in its minutest details, and therefore have the fullest sense 
of its difficulties, must naturally estimate this amount of success 
more highly than comparatively uninterested persons can do. 
But iron, even of the best quality, is not perfectly elastic ; bolts 
and rivets, though ever so carefully formed, are not mathematically 
true ; and, therefore, it may reasonably be asked, if the structure 
sink one foot now, how much will it sink when the bolts have been 
worn, the bolt-holes enlarged, and the plates strained by the wear 
and tear of six months’ railway traffic ? 

It is to be remembered, also, that the dynamical effect on the 
structure of a load in motion, is much more than the statical effect 
of a load at rest. In the case of a jointed structure, of which 
the elasticity is imperfect, the dynamical strain and deflection 
would be certainly double the corresponding statical effect. 

These remarks are not intended as forebodings as to the ulti- 
mate success of this magnificent undertaking. All that we wish to 
do is to point out how much of the problem is solved, and how 
much remains in doubt. Considering the question abstractedly, 
we cannot deny the possibility of making the structure strong 
enough to bear its load. Theoretically, a tubular bridge may of 
course be made strong enough to bear any assignable load what- 
ever — ton after ton of metal might be added till the requisite 
strength would be obtained. For as each ton of metal would be 
disposed so as to bear something more than its own weight, we 
should, by continuing the process of increasing the thickness of 
the plates, arrive ultimately at a point where the strength was suf- 
ficiently in excess to sustain any load assigned. 

But the question is, not whether the bridge may be made strong 
enough, but whether it be made so at the least expense of material. 

It is to this point our doubts refer. Mr. Fairbairn says, that his 
experimental results contradict the conclusions of some eminent 
mathematicians ; and, except for the laudatory epithet, we should 
be disposed to think that he refers to investigations which have, 
from time to time, appeared in this Journal , in which alone, we 
believe, the mathematical principles of the tubular bridge have 
been discussed on an extensive plan. But leaving the personal 
question, it is enough to explain that we call in question not the 
effect, but the means ; not the sufficiency of the structure, but its 
economy. It has been already shown (Vol. IX. for 1846, p. 300), 
that straight tension rods, proceeding in right lines from high 
suspension towers to several joints along the tube, would act with 
the greatest possible efficiency. It is not even now too late to 
apply the suspension rods to the bridge : only let it be by recti- 
lineal rigid diagonal bars — not by flexible or catenary chains. 
Comparing equal quantities of metal disposed — first, in increasing 
the thickness of the tube — secondly, in diagonal bars, acting 
either as struts beneath the tube, or as tension rods above it, — it 
has been mathematically demonstrated that the efficiency of the 
metal may be trebled by the second method. W ere it not dan- 
gerous to prophesy on a subject so novel and so difficult, we should 
be inclined to predict that this second method, in one or other 
of its forms, of diagonal tension rods or diagonal struts, will be 
found necessary after the structure has been some time in use. 


NOTES OF THE MONTH. 

The Tabernacle . — Among the interesting exhibitions now open is that of 
the Tabernacle of Israel, at 58, Pall-Mall. The Rev. R. W. Hartshorn, a 
clergyman of the University of Dublin, feeling an interest as to the form 
and structure of the Tabernacle, has had a model made, with all the details 
elaborately executed, as gold and silver candlesticks, brass sacrificial instru- 
ments, and embroidered curtains. The models are two in number, and are 
executed in strict conformity with the texts in the bible, which describe the 
arrangement of the original Taberoacle of the Jews. The first of these 
models represents the Jews encamped in the plain of Moab, with the tribe of 
Levites and the Tabernacle in the centre. The tents of Ephraim are shown 
in the distance, and afar off the Dead Sea and the mountain range. This is 
a most interesting tableau. The other model is devoted to the illustration 
of the court of the Tabernacle in greater detail. Here are shown the sixty 
pillars, the altar of burnt offering, the embroidered curtains, and all the ac- 
cessaries of the place of worship. The water* vessels are copied from au- 
thorities in the British Museum ; the pillars are gilt, the candlesticks and. 
vessels are of gold and silver, and the model of a high priest stands at the 
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altar, superintending a sacrifice. »This exhibition is An extraordinary exam- 
ple of the practical illustration of a text, and is likely to excite very great 
interest, from the nature of the subject and the mode in which it is carried 
out. 

Setoage Pipe*.— Glazed-ware pipes for sewers hare become a large article 
of manufacture since the late sanitary agitation. 

Water Work*. — In the new sanitary bill, provision is made to enable the 
new commissioners to set up water and gas works. 

Death. — Mr. Charles Dyer, a member of the Institute of British Archi- 
tects, has died of paralysis. His works are chiefly at Bristol ; and indude 
the Victoria Rooms, with a large Corinthian portico ; the Bishop’s College, in 
the Gothic style; Christ Church, Clifton ; Bedminster, New Church ; and the 
Female Orphan Asylum. 

New Theatre. — The Royal Polytechnic Institution has been nearly doubled 
in slEe by the erection of a very large theatre, capable of holding a great 
number of persons. 

Decoration. — Regular courses of lectures are now being given at the 
School of Design, Somerset House. 

New Gallery. — In consequence of the gift of the Vernon collection, the 
government have obtained a committee of the House of Commons to inquire 
into the accommodation at the National Gallery, and what provision ought 
to be made for the national collections. This will result in a new building. 

Builders’ Foremen. — The Institution of Builders’ Foremen has reached its 
third year. Its first investment of £100, 3} per cents, has been msde. 

Window*. — An agitation is being carried on to get rid of the window tax , 
and as it is supported on sanitary grounds it is likely to be successful, though 
the government have refused to do anything this year. 

Death.— The newspapers announce the death of Lieut. Col. Henry Brand- 
xeth, R.E., one of the paid Railway Commissioners. He was a very dis- 
tinguished member of the Corps to which he belonged. His death was 
sudden. 

Dividend*. — The railway dividends declared at the half-yearly meetings 
have been more satisfactory than was expected ; while a complete denial 
has been given to the charge that dividends have been paid out of capital. 

Broad Gauge. — The course of litigation has been latterly in favour of the 
broad gauge, and it is expected the Great Western will be left masters of the 
Birmingham and Oxford line. 

Telegraph. — Mr. Wishaw is, it is stated, engaged on an hydraulic tele- 
graph, of which system, as is well known, he was the inventor. He organised 
the establishment of the Electric Telegraph Company. 

Colonies. — Colonial railways are quite at a stand-still : the Demerara works 
are stopped, the new Jamaica lines given over, and the Trinidad and Barbadoes 
Companies defunct. 

Survey The ordnance surveyors have begun the survey of London, for 
fear they should be stopped. Mr. Wyld gave some opposition in the House 
of Commons, but the surveyors have been so supine, that the government 
have been able to carry out their own system. 

Blackburn.— On the 18th ult.,a new market-house was opened at Blackburn. 
It is by Mr. Terence Flanagan, C.E., and is 181 ft 6 in. long, and 109 ft. 6 m. 
wide. The roof is in three spans. The tower is 18 feet square, and rises 
90 feet high. The material is Longridge stone, and the cost £800. 

Flaxman . — A collection of 150 works of Flaxmtn has bee* presented to 
the University College by Miss Denman, hit executrix. 

Saltash Bridge for the Cornwall Railway . — The estuary of the Hamoaze 
at Saltash Passage, is, at high water, about three-quarters of a mile 
wide, 10 fathoms more or lest deep, and, from its narrowness compared to 
other parts, the stream runs there with a most powerful force. It is designed 
to carry over the river, at this passage, a bridge of three arches, 95 feet 
above the surface of high-water spring tides. To aid in the accomplish- 
ment of this great object, the Cornwall Railway Company have purchased 
two 14-gun packet brigs — the Pigeon and Magnet — of 300 tons each, and 
have moored them at the passage about midway. By a series of moor- 
ings, it has been ascertained that the bed of the river is covered with mud to 
depths varying from 18 inches to 15 feet. On the Cornwall side, a stage 
being moored 20 feet from the beach at low water, and a 30-bar ladder 
with weights attached, let down to rest on the ledge of a steep rock, a 
diver had yet to descend 9 feet before the bottom was obtained. On the 
Devonshire side thefe is not so much declivity. The company have just 
received from Bristol, by Bristol and Exeter and South Devon Railway to 
Totness, and thence by sea, an immense cylinder, weighing 23 tons, 85 ft. 
9 in. long, and 6 ft. 3 in. diameter. It is designed to let this cylinder down 
perpendicularly between the two brigs, when it will be about 25 feet oat of 
the water, and in that position to moor it with hemp cables, fastened to four 
or five anchors, some of which weigh 1 ton each, purchased expressly from 
her Majesty’s dockyard. An effort will then be made to pump the cylinder 
dry, by steam-engines to be fixed on board the brigs. Should the experi- 
ment with this cylinder prove successful, it will have to give place to one of 
much greater magnitude, weighing 130 tons, of the same length, but having 
a diameter of 30 feet — thus providing an area of sufficient extent to lay 
foundations for the piers of this formidable work. At the present season 
there are not more than about 30 men employed at Saltash ; but a far 
greater number will shortly be employed. They are under the control of 
the resident engineer, Capt. Donee, who is aided by Mr. Pope, the gentleman 
Who 80 ably assisted in floating the Great Britain steam-packet. 


LIST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM JANUARY 22 , TO FEBRUARY 23 , 1848 . 

Six Month* allowed for Enrolment , unless otherwise expressed. 

Henry Heywood, of Blackburn, Lane— hire, for “ certain Improvements in looms for 
weaving.** Sea l e d January 23. 

William Hudson, of Burnley, Lancashire, machine-maker, aad John Dodgeou, of 
Burnley, same county, overlooker, for “ certain Improvements In looms for wearing.** — 
January 22. 

Henry Hornhlower, late of Dalgleiah- place, Commercial- road, Middlesex, but now of 
Devon'a-lene, Bromley, engineer, for “ certain Improvements in machinery for exerting 
motive power, and for raising and forcing fluids.**— January 25. 

Thomas Topham, of B4pley, Derbyshire, manufacturer, for “ Improvements in the 
manufacture of time-tables.**— January 25. 

George Ferguaaon Wilson, of Belmont, Vauxh&U, gentleman, for ** Improvements in 
treating and manufacturing certain fatty or oily matters, and in the manufacture of 
candles and night-lights.** — January 25. 

Henry Highton, of Rugby, master of arts, and Edward Highton, of Regent's Park, 
Middlesex, for ** Improvements in electric telegraphs.** — January 25. 

James Barr Mitchell, M.D., and Thomas Best Wooiryche, chemist, for “ Improve- 
ments in the manufacture of soda, and in treating products obtained in each manufac- 
ture.”— January 25. 

John Collins, of Leominster, in the county of Hereford, architect, for '* certain Im- 
provements In furnaces, stoves, grates, and fire-places, and in kilns and other apparatus 
for preparing vegetable and other substances, and the generation and application of heat.** 
January 37. 

Thomas Robinson, of Coventry, ribbon manufacturer, for '* Improvements in looms for 
weaving ribbons aad other fabrics.” — January 27. 

William Watson Patti uson, of Felling, near Gateshead. Durham, chemical manufac- 
turer, for " Improvements in the manufacture of soda.*' — January 27. 

William Henry Barlow, of Derby, civil engineer, for “ Improvements in the manufac- 
ture of railway keys.*’— January 27. 

William Russell, of Lydbrook, in the county of Gloucester, iron master, for “ an Im- 
provement In the preparation of such bar-iron aa is used in the manufacture of certain 
kinds of rod-iron.**— January 29. 

Alfred Vincent Newton, of Chancery- lane, mechanical draughtsman, for “ Improved 
machinery for manufacturing shot and other bails.” (A communication.) — January 31. 

James Blackwell, of Winsford, in the county of Cheater, salt proprietor, for “ certain 
Improvements in evaporating furnaces.”— February 2. 

Robert Fowles, of North Shields, Northumberland, gentleman, for “ certain Improve- 
ments In propelling.'*— February 8. 

James Bird, of the Cwn Avon Works, Taibacb, Glamorgan, gentleman, for ** certain 
Improvements in propelling.*'— February 8. 

Godfrey Anthony Ermen, of Manchester, cotton spinner, for “ certain Improvements 
in machinery or apparatus for twisting cotton and other fibrous substances.** — February 8. 

Richard Clatke Burleigh, of Featherstone-butldings, Middlesex, gentleman, for *' Im- 
provements in burners for obtaining or producing light and heat, and In apparatus to be 
used therewith.”— February 8. 

Jacob Brett, of Hanover-aquare, Middlesex, gentleman, for “ Improvements in electric 
printing and other telegraphs.”— February 8. 

William Heywood, glover, of Stone Bridge, Cheater, chemist, for ** Improvements In 
the manufacture of oil from blubber.**— February 8. 

William Sangster, of Regent-street, Middlesex, for “ Improvements in umbrellas and 
parasols.”— February 8 . 

Jean Napoleon Zermen, of Greenwich, Kent, captain in the French navy, for “ Im- 
provements in ships and other vessels.**— February 8. 

Luke Hebert, of Ryde, Isle of Wight, civil engineer, for ** Improved mechanism for 
redaring, grinding, and sifting bark, sugar, coffee, seeds, and other substances.”— 
February 8. 

William Peter Piggott, of Oxford-street, Middlesex, and Wardrobe-place, Doctors' 
Commons, city, for “certain Improvements in nautical instruments, and in the manu- 
facture of cases for containing instruments, goods, or merchandise.”— February 8. 

Jean Marie Magnin, of VUle G ranch e, (Rhone,) France, avocat, for ” Improvements In 
machinery for sewing, embroidering, and for making cords or plaits.” — February 9. 

Gustav Adolph Bockholz, of Fors ton-street, Middlesex, gentleman, for M Improvements 
in obtaining motive power.”— February 9. 

Felix Douche, merchant, of Rouen, France, for ** certain means, processes, and appa- 
ratus used for saving and apptying the lost heat in general and sometimes direct heat, to 
many usefnl purposes.” (A communication.)— February 10. 

William Jeary Cannon, of Cambridge, solicitor, for ” Improvements In the construction 
of carriages for the conveyance of sheep and other animals on railways.” — February 11. 

The Right Hon. Thomas, Earl of Dundonald, Vice-Admiral of the White squadron of 
Her Majesty’s fleet, Knight Grand Cross of the Most Hon. Order of the Bath, for “ Im- 
provements in marine steam boilers and apparatus connected therewith.”— February 11. 

Horatio Black, of the town and county of Nottingham, lace-maker, for “Improve- 
ments In evaporation-**— February 14. 

John Watson, merchant, and Edward Cart, gentleman, both of Hull, for “ Improve- 
ments in the manufacture of gas.”— February 14. 

James Timmins Chance, and Edward Chance, of Birmingham, for “ Improvements in 
furnaces, and in the manufacture of glass.'*— February 14. 

William Tottie, of Crosby-square, London, merchant, for “ Improvements In distil- 
ling.” (A communication.)— February 14. 

John Weston, of Portland-town, Middlesex, machinist, for “ certain Improvements in 
obtaining and applying motive power.” — February 16 . 

Joseph Barber Haxby, of Dewabury, for “ Improvements in making communications 
between the guards, engineers, and other servants in charge of railway carriages, and also 
between the passengers and such servants, which improvements are applicable generally 
where speedy and certain communications ore required.”— February io. 

Edward Massey, of Middle ton- square, Middlesex, watchmaker, for “ Improvements in 
logs and sounding apparatus.”— February 18. 

Edward Duncombe Lines, of Chelses, sod Samuel LuU Freemont, *of Love-lane, City 
gentleman, for *' Improvements In the manufacture of colours, oils, and varnishes, and lo. 
the manufacture of charcoal, and also in treating vegetable substances for, and in ob- 
taining extractive matters therefrom.”— February 18. 

William Irving, of Trigon-road, Kennlogton, engineer, for “ Improved apparatus for 
cutting or carving ornamental forms in wood, stone, and other materials.” — February 23 . 

James Nasmyth and Holbrook Gaskell, both of Manchester, engineers, for “ certain 
Imp r ove ments In machinery or apparatus for forging, stamping, and cutting iron most 
other substances.”— February 23 . 
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CANDIDUS'S NOTE-BOOK, I 

FASCICULUS LXXX. | 

" I must hare liberty 
Withal, as lurg* a charter «■< the winds. 

To blow on whom I please.'* 

I. Caryatides completely contradict Vitruvius's conceit, as to Ionic 
and Corinthian columns being proportioned respectively after Gre- 
cian mammas and misses, for tne real feminine or lady-like pillars 
are far more bulky and robust than even the most masculine ex- 
amples of the Doric order, — to such degree, in fact, that they would 
be positively clumsy were they mere pillars, whereas variety of 
form and play of outline entirely dissipate the heaviness which 
would attend simple masses of stone of the same bulk. Of the 
effect and value of Caryatides in architectural composition scarcely 
anything is said by architectural writers, although it is that which 
chiefly demands their consideration and remark; for as to the 
origin or first introduction of such figures to perform the office of 
columns, that in reality matters not a rush, notwithstanding it is 
what exclusively occupies the attention of those who speak of them. 
The current legend respecting the adoption of them into Greek 
architecture, may be true or may be false ; but at all events it is 
not necessary in order to account for pillars being shaped to re- 
semble human figures, such figures being frequent in the Egyptian 
style, — of course with very wide differences as to taste ana de- 
sign, the fundamental idea being nevertheless one and the same. 
Far more to the purpose is it to consider the aesthetic effect of 
such statue-columns, and their value in architectural composition. 
That while they greatly extend the resources of the latter, there is 
direct classical authority for them, and that in an example fraught 
with the most exquisite taste, is undeniable ; notwithstanding which, 
the propriety of the taste so displayed has been called in question, 
or rather has been peremptorily condemned. It is contended that 
such figures both suggest painful ideas, and partake of the prepos- 
terous. With regard to the first of these objections, it is aifficult 
to understand wherefore statues performing the office of pillars 
should excite any idea Of pain if they themselves express no such 
feeling — which of course they ought not to do — but stand calm, 
immoveable, and indicate perfect ease and tranquillity. As to the 
preposterousness of employing human forms for offices which living 
human beings could not possibly perform, if there be absurdity in 
that, it is of a species which extends itself — or I might say, incor- 
porates itself — with a very great deal of both architectural decora- 
tion and ornamental design generally. It has been said that what- 
ever is contrary to common-sense is contrary also to good taste. 
The validity of such dictum depends very much upon tne latitude 
allowed to the term w common-sense." If we are to understand by 
it merely the knowledge based upon actual experience, a very great 
deal that has hitherto been regarded as manifesting refined taste, 
must be set aside altogether, and pronounced to be in very false 
taste. If Caryatides are to be condemned as inconsistent with 
good taste, because they represent the human form contrary to 
what we know by common-sense it is capable of, the same autho- 
rity of common-sense must pronounce statues employed as pinna- 
cles and acroteria on pediments or elsewhere to be equally repug- 
nant to good taste, they being placed for a continuance where real 
persons — if they could stand there at all — could remain for only a 
few minutes, and that at the peril of their necks and limbs. 
Again, how can we reconcile with plain common-sense such 
classical monstrosities as arabesques or human and animal 
figures terminating in foliage ? Nay, is there anything of common- 
sense — that is, of plain, honest, matter-of-fact common-sense — in 
the cramming a crowd of figures into a Dediment, where half of 
them are, perforce, crouching down ? Or what shall we say to 
such conceits as corbel-heads, or to statues fixed in between the 
mouldings of the head of an arch, in such manner that some of 
them are nearly in a horizontal position ? If common-sense is not 
startled by them, it may surely excuse what are less at variance 
with it — namely, Caryatides, which last are at once so picturesque 
and elegant in effect, that their being so rarely employed may well 
excite our wonder. Their being frequently employed is not to be 
looked for, on account of their expensiveness as compared with 
other pillars of the same dimensions ; still what prevents their be- 
coming too common by being applied on ordinary occasions, should 
operate as a strong reason for introducing them where magnificence 
is affected, and cost becomes a secondary consideration. 

II. From what Mr. Gwilt says on the subject, in his Encyclop®- 
dia, it would seem that Caryatid figures are by no means uncom- 
mon features in architectural composition, for he tells us that “the 
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variety in quest of which the eye is always in search, and the pic- 
turesque effect which may be produced bv the employment of Carya- 
tides, leads often to their necessary employment. * How he recon- 
ciles the epithet w necessary ** with the opinion uttered by him just 
before, viz., that the purpose of support can be not only as well but 
even better accomplished by a small order, — must be left to himself 
to explain, which it would, perhaps, puzzle him to do ; and puzzle 
him also it would to justify the expression “ Often ," by enumerating 
examples. On the contrary, they are exceedingly rare indeed, in 
this country more especially, for I can call to mind only one in- 
stance of the kind in the metropolis, namely, that afforded by the 
church of St. Pancras. Yet, though he evidently entertains no par- 
tiality for Caryatides, Mr. Gwilt appears to regard with favour 
Inigo Jones's idea for the circular court in the palace of Whitehall, 
which was intended to have two orders of colossal figures, answer- 
ing to two entire stories of the edifice, which enlargement of scale 
for figures of the kind is certainly no improvement upon the taste- 
ful Athenian example. 

III. It would be well were we to ask ourselves what is likely to 
be the result of the present system of architectural copyism and 
mere reproduction. The works so formed and fashioned will, by 
and by, come to be looked upon, at the best, only as so many clever 
counterfeits and imitations of what were previously living styles 
of the art, fraught with vitality and with the actual impress of the 
period when they respectively flourished. Just now, while we are 
imitating, our imitations may interest ourselves, but they will be 
of no interest or value to those who come after us. Historic inte- 
rest they will have none, except as testifying to our skill in me- 
chanical mimicry, and our utter want of inventive and creative 
power. Do what we will, imitation of something done before there 
always must be in architecture ; yet, as if that were not sufficient, 
we affect and pique ourselves upon direct and express imitation. We 
must always have u something after somebody,' or after something 
else. And this of itself constitutes a prodigious difference between 
the art at the present day and in former periods, our own being 
little better than a blank with regard to original ideas. So that 
with all our reverence — real or pretended — for precedent, we refuse 
to recognise the artistic liberty to which we are indebted for those 
styles and examples of them which we now cry up as patterns of 
excellence. 

IV. The free exercise of invention in design is not to be con- 
founded with mere arbitrary innovation. The inventive power for 
which such freedom is claimed must, however, be of a legitimate 
kind, — that is, be directed by sound principles of art. With them 
and a cultivated taste for his guidance, he who has the spirit of an 
artist in him may safely be trusted to his own impulses and ideas ; 
whereas he who has no insight into artistic principles, who has 
never applied himself to aesthetic study, cannot be trusted at all 
beyond tne limits of the most ordinary common-place and jog-trot 
design, for if there be a possibility of blundering he is sure to do 
so. No matter in what style he attempts to disguise himself, his 
vulgarity is certain to betray him, and his irrepressible Pecksniffism 
breaks out, without being at all suspected by him, or it being in 
his power to guard against it, for the simple reason that it is his 
nature, and he has no idea of what he ought to guard against. 
Daily experience confirms the truth of this : how many atrociously 
vile and vulgar copies— or rather parodies and caricatures, although 
intended for copies — do we see of styles and modes of design and 
composition that happen to have been brought into vogue— as, for 
instance, the astylar “ Palazzo" fashion introduced by Barry, which 
has in many cases been either positively vulgarized, or else treated 
in the most prosaic manner, — as if the intention were to prove 
what miserable taste may be displayed in things that affect to con- 
form to precedent and to be perfectly free from oaprice. 

V. As to caprice, that term is frequently applied very unmean- 
ingly. It is very common for people to set down at once for 
caprice whatever deviates from general rule and usual method ; 
thereby perplexing that ordinary and petty criticism which has no 
other standard of judging than established routinier precepts, in- 
terpreting them, moreover, to the very letter. Such criticism is 
unable to discriminate between what is mere caprice and what is 
not, — wide as is the difference between them. The capricious is 
that for which no satisfactory reason can be assigned by the author 
of it ; but, however contrary it may be to usual practioe, that i9 
not caprice which is done with deliberate intention and well- 
studied ainb at effects previously untried. And if to do well 
merely according to precedent be meritorious, much more so must i 
be to do so and at the same time go beyond actual precedent, creating 
what in its turn will be recognised as valid precedent and authority. 
It is proper enough to be perfectly well acquainted with precedent, 

I but to be tied down to it— to be made a slave to it, is ill. Those 
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who are incapable of thinking for themselvs, take refuge in pre- 
cedent, and make it their stronghold, since it enables them to as- 
sume a tone of authority, and to decide dogmatically without any 
trouble of thinking. 

VI. Careful observance of rules will enable any one to avoid 
positive faults ; but between them and positive merits there is an 
immeasurable distance— one which defies calculation. In art, it is 
very possible to be at once faultless and valueless — without any 
specific fault, but also without any interest or any charm, — in a 
word, to be altogether humdrum. Perhaps it is rather unfortu- 
nate than not for architecture, that a great deal of humdrum is 
of necessity tolerated in it : however worthless or unworthy they 
may be as productions of architecture, buildings may as buildings 
completely answer the purpose for which they are erected. Besides 
which, they must, when once erected, remain indefinitely, to the 
discredit of the art and the corruption of public taste. Humdrum 
poetry becomes serviceable as waste-paper ; humdrum pictures find 
their way into lumber-rooms and garrets ; but buildings of the 
same or even worse quality cannot be so got rid of, or put out of 
sight ; otherwise a good many that might be mentioned would now 
disappear. 

VII. There is something startling, perhaps diverting also, in the 
decidedly opposite opinions entertained by two of our architectural 
professors with regard to Vitruvius. While Professor Hosking 
speaks of him, in his Treatise on Architecture, in the most un- 
qualified terms of contempt, Professor Cockerell venerates him ; — 
as to vindicating him, that is quite a different matter, and what 
he does not even so much as attempt, but leaves altogether un- 
noticed the highly depreciatory remarks thrown out against his 
idol, not by Hosking only, but by the author of the “Newleafe 
Discourses,” both in that publication and elsewhere. The ignoring 
them may be prudent enough, but assuredly does not show much 
of either courage or ingenuousness, keeping quite out of sight as it 
does the fact that Vitruvius has of late years been violently im- 
pugned by professional writers in this country, and his work de- 
clared valueless to the architectural student; — nay, not only 
valueless, but in some degree mischievous also, by filling him with 
absurd and idle notions, and affording him no insight whatever into 
his art, — as art. If Vitruvius has been unjustly aspersed and 
vilified, it was for Professor Cockerell to defend him — if he could • 
instead of which, in his closing lecture this season at the Royal 
Academy, he gave his hearers reason to suppose that the chief ac- 
cusation brought against him had been by his German editor, 
Schneider, on the score of his Latinity. Schneider, it seems, was a 
mere philologist, and honestly avowed his ignorance of the subject- 
matter of Vitruvius's writings, which I take to have been rather in 
favour of his author than the contrary, because, had he been ca- 

able of judging of the value of the matter also, hardly would he 

ave entertained a higher opinion of him. The name of 
Vitruvius is, undoubtedly, one of great traditional fame — one 
sanctified by inveterate prejudice, partly or even principally be- 
cause his books De Architecturd represent to modern times all 
that remains of similar writings by the ancients. That mere ac- 
cident has conferred upon him a monopoly of reputation, there 
being no one to share it with him ; and it has been too lightly 
taken for granted, that, writing in classical times, he must him- 
self have been a competent judge and expounder of classical 
architecture. He shows himself, however, to have been at the 
best of a very plodding turn of mind — notwitstanding his pompous 
and priggish proems, and to have been what would now be called a 
mere “ practical man," acquainted only with matters of routine and 
the technicalities of his craft. While there is a very great deal in 
nis work which is utterly irrelevant, it being only in the remotest 
degree connected with the professed subject, there is absolutely 
nothing whatever that gives evidence of the artist or the aesthetic 
critic. There is not so much as any attempt to lay down and ex- 
plain principles of correct taste in architecture. There is neither 
argumentative criticism, nor reasoning, nor remark ; but every- 
thing is treated in the dryest manner conceivable, and for the most 
part very obscurely also. What is to us his obscurity may partly 
be laid to the charge of our own ignorance— our not being better 
informed as to various matters that were sufficiently well under- 
stood by those to whom he addressed himself, but which, after all 
attempts to explain them, can now only be guessed at. The 
question then, is, of what value is Vitruvius to us, especially at 
the present day, when by means of various ancient buildings and 
examples that have been from time to time discovered, explored, 
and delineated, we have obtained a far cleaier insight into the 
principles and practice of the architects of antiquity than can 
possibly be derived from the writings of Vitruvius ? In some 
instances, obscurities in his text have oeen explained by what has 


been observed in extant monuments ; yet that only proves that the 
latter are infinitely more intelligible instructors than Vitruvius, and 
that accordingly he may now be dismissed by us, for any real advan- 
tage to be derived from the study of him. Such study will, indeed^— 
if that be any advantage — enable the architect to talk learnedly, 
but will not help in the least towards making him an artist ; rather 
will it be apt to render him a pedant, and obstruct the advance he 
might else make in his capacity of artist, by withdrawing his at- 
tention from what is his proper study as such ; as has too fre- 
quently been the case. Many would have been far greater pro&> 
cients in their art, if, instead of poring — perhaps stupifying them- 
selves also — over Vitruvius, they had thrown him entirely aside, 
and exercised their own powers freely in composition and design. 

VIII. The subject of the invisible — perhaps altogether imaginary 
—curves in the fines of the Parthenon has been again brought for- 
ward before the Institute, though it was to be hoped we should 
hear no more of it. Matters of far greater immediate importance 
than such nugce difficile* and refined subtilties and speculations, 
claim our attention, ere we advance so far as to be able to appre- 
ciate such exquisite niceties in architectural optics as those attri- 
buted to the Greeks. Little less than ludicrous is it for us to pre- 
tend to interest ourselves with them, when we complacently tole- 
rate the most crude and spiritless school-boy imitations of classical 
architecture, which chiefly show how very ill the pretended origi- 
nals have been understood. So long as we shut our eyes to tne 
glaring barbarisms in taste, and the harsh contradictions with re- 
gard to style, that are allowed to manifest themselves in copies of 
that class, it is in vain to expect that we shall ever open them 
wide enough to discover such philosophically-studied minutia as 
are the curvatures in question, which certainlyjwere not even so much 
as suspected till very recently, notwithstanding the diligence with 
which the Parthenon has been examined, not only by Stuart, but 
by many others since his time. It has been ascertained beyond 
contradiction, that Polychromy was — to a certain extent, at 
least— employed as an effective and legitimate mode of architectural 
embellishment, both for the Parthenon and other Greek structures; 
and yet even that discovery has been altogether useless to us in 
practice, inasmuch as we have not attempted to avail ourselves of it 
on any occasion : and if we forego a trait of Grecism that would be 
plainly perceptible to every one, hardly is it to be supposed that 
we shall ever think of making any use of refinements in optical 
effect that would not be perceptible to one person in ten thousand. 
Let us provide the shirt before we think of the ruffles for it : when 
we can show that we are capable of fully entering into the charao- 
ter of classical architecture with genuine artistic sentiment for it, 
it will be time enough to think of those exquisitely subtile and deli- 
cate touches which are now imputed to the Parthenon. For us, 
who show ourselves so obtuse as we do to many even tolerably pal- 
pable qualities in Greek design, to concern ourselves with its finest 
imperceptible workings, is nothing less than absurd. Besides 
which, Grecian architecture has of late fallen into discredit with 
us, we having at last found out that, as our buildings are necessa- 
rily constituted, it is nearly altogether inapplicable by us in actual 
practice. Copy Greek orders we may, but we cannot keep up — 
except in very particular cases indeed — anything like the genuine 
Greek physiognomy ; so that the degree of resemblance aimed at 
and obtained, only serves to render the departure from the original 
style the more evident, particularly if the order be the Doric, 
since that refuses to accommodate itself to any other purpose than 
a simple colonnade. 

IX. So very far are we from studiously calculating optical 
effects with mathematical precision, that we do not seem to under- 
stand — at least, not to be able to foresee— that difference of appear- 
ance which takes place between a geometrical elevation, in which 
every part shows itself equally distinctly to the eye, and the building 
executed from it, in which last it is perhaps afterwards discovered 
that much of the detail does not tell at all. Seldom is any calcu- 
lation made with reference to the actual locality, and the distance 
from which the structure itself will generally be viewed. Hence, 
when erected, it is sometimes discovered that a building can be 
seen only so far off that its lesser features are scarcely distinguish- 
able at all, or else only from so close a point of view, that all the 
upper part of it becomes so greatly foreshortened as to become 
quite distorted, and altogether a different object from what the 
geometrical design promised. It is not uncommon, again, to find 
that while those parts which can be but imperfectly seen— or at 
the best seen only in their general forms — are elaborately decorated, 
those which being almost close to the eye show themselves dis- 
tinctly, are comparatively neglected ana treated as subordinate 
ones ; — and so they may fie with regard to the design as seen upon 
paper, but not as it is seen in the building itself. In many cases, the 
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merest indication of detail and finish would answer the purpose just 
as well as that degree of the latter which is now deemed indispens- 
able, although the parts to which it is applied may be out of sight, 
or nearly so. Therefore, I cannot help taking the river front of 
the new Palace of Westminster to be a very great mistake, and a very 
costly one also. However exquisite may be its beauties of detail, 
they are valueless if, as really is the case, they are invisible, and 
aannot be enjoyed by being admired. 

X. What is or is not a palace seems to be difficult to say, when 
we find among the examples referred to under that designation, in the 
index to Cresy's translation of Milizia's Lives, not only Barbers* Hall, 
the Horse Guards, Heriot's Hospital, and other buildings which do 
not seem to belong at all to that class, but also the Monument on 
Fish Street Hill ! W e may therefore congratulate ourselves on 
having besides that, two more palaces which we have not reckoned 
before — namely, the Nelson and the York Palaces. A most agree- 
able surprise must it be to Mr. Railton, to find that he has erected 
an entire palace when he attempted only to stick up a single 
column. 


THE HOTEL DE VILLE, PARIS. 

Hotel de Ville de Paris , Mesure , Dessine, Grave , et Publit , par 
Victor Calliat, Architecte; avec unehistoire de ce monument, par Le 
Roux de Lincy. Grand folio. Paris, 1844. 

As the seat of the Provisional Government of the new French 
Republic, this edifice has recently acquired a degree of interest 
even with those who would be wholly indifferent to it as a work of 
architecture. Of course, it is as the latter alone that we notice it, 
and had the same means of doing so been afforded us, should have 
done so before. Still, late as we are in our notice of the splendid 
architectural publication whose title heads this article, we are not 
at all behind others, for we are, we believe, the very first to make 
mention of it in this country. It may sound oddly to say that we 
hasten to give our readers some account of it ; nevertheless such is 
the case, because, anxious to speak of it without further delay, 
just at the moment when circumstances give the building an inci- 
dental importance, distinct from that which it possesses as an ar- 
chitectural subject, we are at present prepared for reporting only 
of the graphic part of the work, having no time to examine the 
literary one. The latter is. in fact, so exceedingly copious, and 
contains such a vast mass of historical matter, as to require very 
patient study, more especially as the form in which it is given is a 
highly inconvenient one for either perusal or reference. In our opinion, 
it would have been greatly better to publish the plates by them- 
selves, or with only so much letter-press as was requisite for ex- 
plaining them, and describing the present edifice architecturally ; 
the history being made to form a separate octavo volume, either 
as a distinct work or not, as might be deemed expedient. Had 
that been done, both the folio volume or atlas of plates, and the 
octavo of text, would have answered their respective purposes much 
better than is now accomplished. The former would not have 
been so inconveniently bulky ; the other would have been a read- 
able volume, whereas now, however readable the matter itself may 
be, hardly can it be said to be in a readable shape ; whence the pro- 
bability is, that very few will encounter the fatigue of reading it 
at all. The perusing the text continuously in its present shape 
would, to ourselves at least, be a formidable task ; vet, fortunately, 
we are not particularly solicitous about matters of mere historical 
record, — events and transactions which have no other relation to 
the edifice itself than what is derived from the latter having been 
the locality where they occurred. 

Leaving M. Le Roux de Lincv’s portion of the work, we shall 
confine ourselves to M. Victor CalliaVs department of it, who, we 
should observe, holds, or lately did hold, the office of Inspecteur of 
the building, and who employed five years in carefully measuring 
and delineating the various parts of the structure, having, besides, 
free access to the designs of MM. Godde and Lesueur, the archi- 
tects employed for the new work. Until the recent amplification 
and alterations, which have rendered it one of the most important 
monuments of the French capital even in its present greatly im- 
proved and embellished state, the Hotel de Ville was of little ar- 
chitectural note, except as a souvenir of old Paris. The style of 
it had been voted “ Gothique n and obsolete ; and the actual design 
showed much more of the grotesque than the beautiful. All that 
Woods says of it in his “ Letters, when speaking of the buildings 
of Paris, is : “ It has a certain richness of appearance, although it 
is not in a style of architecture capable of great merit (?) and even 


not one of the best examples of the sort. It is, however, as good 
as our Guildhall.” As good as our Guildhall ! — as well might be 
have called it at once intolerably bad. 

The original edifice that forms the nucleus of the present 
greatly extended mass, was commenced in the reign of Francis L, 
viz., in 1533, after the designs of Domenico Boccadoro, or Boccardo, 
otherwise called Domenico di Cortona, assisted by Maitre Jehan 
Asselin, and the fa 9 ade and the “ Cour a Honneur,” now the middle 
one of the three courts, were completed in 1541 ; and much was 
subsequently done from time to time. At the period of the first 
Revolution, the edifice suffered greatly ; many sculptures and em- 
bellishments that were obnoxious to the enlightened populace 
were destroyed ; among others, a series of portraits from the 16th 
century, and a number of large paintings Dy Porbus, de Troyes, 
Largilliere, Mignard, Vanloo, and other masters,— or if not actually 
destroyed, removed, nor is it now possible to ascertain what has 
become of them. 

During the Empire and the Restoration, the edifice underwent 
some partial alterations ; but it was not until 1836 that it was de- 
termined to undertake improvement upon a comprehensive scale ; 
and great as it was, the scheme has been carried out so successfully 
that the Hotel de Ville may be placed foremost among the ar- 
chitectural monuments that mark tne reign of Louis Philippe. 

If not particularly remarkable in itself, remarked it may be, that 
this edifice, which is, in some degree at least, similar in purpose, is 
also contemporaneous with our own new Palace of Westminster, 
except that it is already completed, while the completion of the 
other cannot at present be calculated upon. Further, being in 
the Renaissance style, it shows what might have been made of our 
our own building at Westminster, had the stipulated-for Eliza- 
bethan or Anglo- Renaissance style been adhered to, but at the 
same time treated with the same freedom and refinement as are 
shown by MM. Godde and Lesueur, in their rifacciamento and 
enlargement of the Parisian Hotel de Ville. Among the improve- 
ments which the structure has received from them, not one of 
the least is that whereas it before showed only a single front — that 
towards the Place de la Greve — it now forms an entirely insulated 
mass (405 feet by 272), with four regular fafades, the original or 
west one (now greatly extended) towards the aforesaid P/Sce, the 
corresponding or east one towards the Rue Lobau, and of the two 
shorter ones, that facing the north towards the Rue Tixerandie, 
and that on the south facing the Quai de la Greve. Bo far. if in 
no other respect, it has greatly the advantage over our Palace of 
Westminster, one side of which, and that which according to the 
design is the principal fa 9 ade, is altogether inaccessible, so that 
its elaborate decoration, requiring as it does the closest inspection, 
is completely thrown away. 

The former west front, or that towards the Place — which was 
all of the edifice that then showed itself externally — was not quite 
200 feet, but is now extended to upwards of twice that length, by 
the addition of two more lofty pavilions, similar in character, but 
somewhat varied in design, from the original ones. Hence, the 
general composition is now increased from three to seven divisions % 
or compartments, two of them being the intermediate corps de 
bdtiment connecting the two pavilions (the old and the new one) 
on either side of the centre. We may refer our readers to two 
different views, which they will probably be able to turn to at 
once, one of them being in Pugin s “ Paris,” the other in Allom's 

France for from them they will immediately perceive how 
gTeat is the improvement as well as change that has taken place. 
That fa 9 ade, however, is not the one which best satisfies us, there 
being in the original portion of it a good deal in a rather mesquin 
taste, to which the architects were obliged to conform for the rest ; 
whereas in the three other fronts, and also the inner courts, they 
have, instead of allowing themselves to be tied down to precedent, 
given artistic scope to their ideas, seizing on the better spirit of the 
style by which they were to be guided, and refining upon it by 
preserving all its really valuable characteristics and motifs , and 
avoiding its uncouth nesses, its harshnesses, and its mere eccentri- 
cities. Compared with the other principal front — the eastern one, 
facing the Rue Lobau — the original one has, in spite of all im- 

* Pugin’* representation of the building is so exceedingly poor a* to be scarcely Intel- 
ligible, all the features being so very rudely expressed, that it la impossible to make oat 
more than the mere general design. Allom’s, on the contrary. Is tastefully touched, and 
shows as much as can be expected in a general riew of the whole front in so small an en- 
graving j at the same time, there are inaccuracies In it which ought to hare been guarded 
against. That so able an architectural artist as Mr. Allom Is, should have given only a 
single exterior, and not so much as one interior view of so important a public monumeot. 

Is to be regretted. Perhaps he himself, or his publishers, regret It now that circum- 
stances have given a particular interest to that particular budding. Let us hope then, 
that Mr. A. will visit the French capital once more, and give us a '* Paris after the Third 
Revolution,” since he may there And many subjects for his pencil which he had passed 
over } — among others, the Church of St. Vincent de Paule, and the Ecole des Beaux 
Arts, both of which would require to be illustrated by mors than one drawing. ' 
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provement,'a confused, crowded-up look, and shows not a few dis- 
agreeable inequalities of taste. Tne new fa 9 ades, on the contrary, 
exhibit not only greater simplicity, but greater richness also. 
There is infinitely more of homogeneousness of character, the 
character itself of the style adopted being purged from its little- 
nesses of manner and other defects. The architects — or perhaps 
we should say M. Godde,* for the other appears to have been only 
his adjoint in the execution of the works — may be said to have 
given us the ideal of Renaissance— -that is, French Renaissance, 
modified so as to be applicable at the present day. 

Previously to its assuming its present shape and greatly ex- 
tended dimensions, the Hotel de Ville had only a single inner 
court — a trapezium in plan, whose eastern side, or that lacing the 
entrance, is considerably wider than the latter. Besides this, which 
is denominated the “Cour d’Honneur,** there are nowtwo other more 
spacious ones, that on the south side being the “ Cour du Prefet,” 
and on the north the “ Cour des Bureaux. Yet, in the letter-press 
account — description it can hardly be called — of the building, in At- 
om's “ France,” no notice is taken of this very material enlargement 
of the plan, but we are left to understand that there is only a single 
court, — “a spacious (?) quadrangle, entered through the lofty 
arches in the principal front whereas those entrances lead into the 
two separate new courts. The letter-press writer, the Rev. G. N. 
Wright, M.A. — don* t let us forget the M.A., though it does not 
mean Master of Architecture, — is one of those ready writers who 
pay more attention to quantity than quality ; for he gives the 
credit of the present structure to Molinos, an architect who was 
only employed on some additional constructions to the building in 
the time of Napoleon, which have 6ince been entirely swept away. 
He also assures us that all the additions have been made “ in the 
most exact and complete harmony** with the original fi^ade, which, 
as far as it means anything at all, means that they are little more 
than a mere copy of it. 

Although not very spacious, the inner courts are not the least 
beautiful parts of the structure; it is, however, easier to judge of 
their design than their effect, for they are shown only sectionally, 
whereas subjects of that kind require to be represented perspec- 
tively also. For an external fa 9 ade — more especially if it consist 
of little more than a single general plane of frontage, without ad- 
vancing or receding parts — a geometrical elevation may be suffi- 
cient ; out where several fa 9 ades or sides — be they those of a room 
or of a cor tile — are seen in combination with each other, the aid of 
perspective becomes requisite in order to convey an idea of the 
actual appearance. There ought, in fact, to have been a perspec- 
tive view also of at least one of the fa 9 ades, and it should have 
been of that facing the Rue Lobau, it being the finest of them all, 
and moreover distinguished from the others by a circumstance 
that is likely to escape notice in a geometrical arawinff, more es- 
pecially one merely in outline, where there are no shadows to ex- 
press the various degrees of relief : — the distinction we allude to 
is that in that front, instead of being engaged ones, the columns 
of both orders are completely detached from the wall behind, at 
' least along the whole of the central portion of it (extending to 
fifteen arcaded intercolumns in its length, and having a large and 
highly-enriched lucarne over each alternate intercolumn). 

From the exterior alone, a very imperfect idea is to be obtained 
of the magnificence of this noble pile of building, which may be 
one reason for its not having obtained the notice, or anything like 
the notice, which it may justly claim. Truly palatial in outward 
appearance, it is equally so within, containing as it does, besides 
a very great number of various offices and other mere business 
rooms, no inconsiderable number of state apartments for municipal 
reunion* and entertainments, which are not only spacious and 
handsome, but even truly splendid and sumptuous, and withal 
afford an unusual variety of scenic effects in architecture. Yet, 
of all of them, only one ? and that by no means the most remarkable of 
them as a room, is pointed out by the M.A. description- writer in 
Allom's u France — namely, the “Salle duTrone,** which is in the ori- 
ginal portion of the building towards the Place, f Of the new apart- 
ments, nothing whatever is said in that publication ; not even the 
“ Galerie des Fetes** itself is bo much as mentioned, although that, 
and the approaches to it, constitute a group of varied and well-com- 


* From what U Mid of him in Nagler*a 44 Kuns tier- Lexicon,” ire find that this architect 
(who was born In 1781) was employed, among other works, on the restorations of the Ca- 
thedral of Amelns ; and that while he was Inspecteuren chef de la lime section des Tra- 
▼aux Public, he made plans, elevations, and sections of various churches at Paris, 
amounting in all to about three hundred drawings j yet whether they were ever published 
la not stated. 

t It is mentioned chiefly for the purpose of Informing us that it was from the central 
window, Louis XVI. addressed the people with the cap of Liberty on his head ; and 
Louis Philippe afterwards addressed them, when Lafayette told them, that in him they 
beheld 44 the best of all Republics I* 4 — words which the present Revolution and the new 
Republic will probably verify most disastrously. 



bined architectural beauties, that taken altogether has not its 
equal in any royal palace of Europe.* 

To give — what is no easy matter — something like an adequate 
idea of this part of the interior : — from the lower vestibule is 
seen extending to the right and left (or north and south) a mag- 
nificent staircase, consisting of two wiae successive flights of steps, 
carried in a straightforward direction, between arches supported 
on marble columns in the upper part of it, where there are gal- 
leries or open corridors along its sides. On ascending to the upper 
landing, a highly enriched dome, though one of moderate dimen- 
sions, presents itself ; and through this, and three ornamental com- 
artments over the stairs, + the staircase is lighted. On looking 
ack from that upper landing, a most striking architectural coup 
d’ceil presents itself, — an exceedingly rich perspective vista 
through an open saloon (the “ Salle des Cariatides,** over the vesti- 
bule below), into the other staircase.f It is, therefore, not with- 
out just reason that the staircase is spoken of in the text as a 
chef-f oeuvre of its kind. Even admitting that either of the stair- 
cases, in some respects, and among others in spaciousness as to 
width, yields the palm to the one in the Bibliothek at Munich, 
the ensemble produced by the two greatly surpasses it ; for as here 
managed, it is far more striking than it would have been, had the 
entire space been thrown open from end to end. In one respect, 
these staircases have a decided advantage over that at Munich, 
they being lighted from above, in the manner described,— conse- 
quently more picturesquely. Besides which, the Munich one leadfl 
architecturally speaking, to nothing, there being merely a number 
of plain shelved book-rooms, after all the extraordinary parade of 
approach to them. 

Such highly-disappointing falling-off, both with regard to pur- 
pose and effect, is most assuredly not experienced in the Hotel de 
Ville, when on passing from either staircase through a noble 
ante-room, the “Galerie,** with its thirty-two fluted Corinthian 
columns, profusely enriched pendentives and plafond, and other ela- 
borate decorations, expands itself in allits magnificence. Thisapart- 
ment, which comes in the centre of the Rue Lobau front, is 160 
feet by 42, and 40 feet high, with thirteen intercolumns on each 
side, and three at each end. The cove is divided into arcs-dou- 
bleaux and lunettes ; of which last, the thirteen on the side facing 
the windows are open, so as to form a gallery or series of tribunes 
for spectators, who, through open arches, have a view down into 
the “Galerie** from the “ flavor roof above the staircases, which 
space glazed all over, and having pillars along its sides, is thus ingeni- 
ously turned to account, and made to produce much novel effect. 
A similar view is there obtained into the “ Salle des Cariatides,*’ 
through similar openings and the gallery carried around the upper 
part of that room, to which they afford access. The room just men- 
tioned — which derives its name from eighteen caryatides resting 
on its cove, so as to form the gallery in its upper part, and support 
the plafond — comes in between the “ Galerie des Fetes" ana the 
“ Salle du Conseil Municipal,** as well as between the two staircases ; 
so that from this point— -a most happy “ episode ” in the plan — 
a striking architectural picture presents itself in every direction, 
whether we look towards the “ Salle du Conseil" with the “ Cour 
d’Honneur** beyond it, or towards the “ Galerie,** or towards either 
of the staircases. In fact, this part of the plan is eminently re- 
plete with piquant complexity — or what seems to be complexity — 
and variety of effect ; and it is all the more striking, because it 
unexpectedly opens a vista branching out from one side of the 
“ Galerie,** and which, therefore, breaks up that excessive same- 
ness of arrangement which, so dull and unartistic in itself, is 
so prevalent — we might say so uniformly a defect in continental 
buildings. 

There is, besides, a more than usual degree of variety and play 
in other parts of the plan ; for instance, in the several saloons in 
connection with the “ Galerie" at either end of it. One of these 
bears the name of the “Salon Louis Philippe” — an appellation, 
that will now, doubtless, be reformed ; another that of the “ Salon 
Napoleon.** Then there is the “ Salle des Banquets," respecting 
which, however, no information is afforded, nor does it show itself 


* After all, such omission on the part of the letter-pren was perhaps judicious, be* 
cause to have spoken of those parts of the interior as they deserved to be, would bare 
been accusing the artist of culpable omission on bis part. In not describing any of them 
with bis pencil, more especially as his forte lies in interior subjects. 

t Prom the perspective view of the staircase, ft appears that these compartments In 
the vaulting »» f the eviling are not exactly what we should call skylights, but ornamental 
panels filled in with figured glass, either coloured or plain, in the same plane as the other 
panels. This ougbt to have been explained lu the letter-press, as likewise ought many 
other particulars with respect to decoration— colour Included— which are now left to be 
conjectured. 

t Thus, in regard to mere general disposition of plan, these staircases are aomewhat 
similar to those In our National Gallery ; but other resemblance there la none. In all 
other respects the difference is amusingly great, nor need we My on which aide the marked 
superiority lies. 
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in any of the sections ; and a grand saloon of reception on the 
south side of the building, which forms altogether a space of 80 
feet by 50, but is so disposed as to assume the appearance of three 
rooms thrown open to each other by means of three large arches 
on two opposite sides of the central one. This saloon and the 
“Galerie* form the subjects of two most exquisitely-elaborate 
perspective views, replete with a multiplicity of the richest and 
most delicate details, all rendered with a precision truly marvellous. 
The other perspectives are, a view of one of the new staircases look- 
ing from the upper landing towards the “ Salle des Cariatides,” and 
one of the old Staircase as seen from below. There is also a de- 
tailed elevation of one end of the u Salle du Trone,” showing 
one of its chimney-pieces and the large caryatid figures, between 
which is placed the spacious mirror over it. Unfortunately^ we are 
left to desiderate a perspective of the “ Salle des Cariatides, which 
would have been highly welcome, because, although it comes into 
two several sections, it is on such a scale, that little more than 
its general architectural design can be made out, and the effect — 
which is of a peculiar kind — is left to the imagination. Many of 
the plates are occupied by details and ornaments of both the old 
and new portion of the edifice, and show how elaborately it is 
finished up. 

One important apartment and architectural feature in the build- 
ing, which we have not yet mentioned, is the “ Salle des Elections.” 
This is on the ground-floor, immediately beneath the “ Galerie 
des Fetes,” and of the same dimensions, except that it is somewhat 
shorter, and, as may be supposed, considerably less lofty. The 
columns here are of the Doric order, and are brought forward to a 
greater distance from the walls than in the upper u Galerie.” We 
will now conclude this account — after all, but an imperfect one — by 
saying, that no« only is the edifice itself a most noble and tasteful 
monumental work, but M. Victor Calliat's publication illustrates 
it — if not altogether so completely as could be wished — with ad- 
mirable diligence and taste. We have no English work of the 
kind that can compete with it, or with the similar splendid one by 
Joly, on the w Chambre de Deputes” (1840). We have got a Royal 
Institute of Architects, but architectural publication does not 
thrive under its fostering auspices. And so wretchedly low is the 
remuneration of architects in this country, that even those who 
are most employed cannot afford to risk any of ther earnings in 
endeavouring to promote architectural study and taste. We can 
—or rather we will only say : Valdc deflendum est ! 


ARTS MANUFACTURE EXHIBITION, 

AT THE SOCIETY OF ARTS* ROOMS, ADELPHI. 

The Exhibition at the Rooms of the Society of Arts deserves 
particular notice, because it shows that the workmen of this 
country have taste and artistic skill, as well as mechanical profi- 
ciency. This is the second exhibition of the kind, and it shows 
very great progress, while it is most remarkable in this very good 
feature — that whereas before, manufacturers had to be begged and 
sought to send their works, they have this year sent them freely 
and with good will. This is going forward in the right path, for 
it shows that the manufacturers now feel an earnest in the cause, 
and that gives us another body of yoke-fellows. The artists and 
workmen nave likewise shown their feeling, by the greater care and 
skill they have bestowed ; which is the more pleasing, as it is an en- 
couragement to all those who have come forward in behalf of manu- 
facturing art. 

We cannot however help saying, that so much has not been 
done as ought to have been done in this way, and that still more 
remains behind. It is pleasing to witness the skill which has been 
shown ; but we are yet far from the goal, and leave foreign nations 
ahead of us, while we have not means enough to enable us to beat 
them. We are not yet even with the old Schools of Design in 
France and the Gewerbe-Instituten of Germany, which we set 
out to follow, while of late years they have made further way. 
We call the Central School or Design a mockery ; and as for the 
others, they are only good drawing-schools. The whole is a failure 
as to quality and extent ; and we might just as well think to beat 
the hosts or Prussians with the Lumber Troop, or set Tom Thumb 
againt the Spanish giant, as to meet the French, Prussians, Bel- 
gians, Swiss > and Italians with the paltry staff we have. Drawing 
must be taught in all schools to the sons and daughters of working- 
men ; there must be a high school for drawing in every town, and 
there must be good schools of design in the great seats of manu- 


facture. The buyers at home must be taught as well as the sellers ; 
we must have our people brought up to a knowledge of art, and 
then we shall be able to go into the markets abroad on a fair 
footing. 

This question of teaching design is one of trade more than of 
anything else : we were pinched in our pockets before we thought 
of bestirring ourselves. It was only when we found out how much 
we were giving to the French for silks, flowers, fancy paper, 
bronzes, and paper-hangings, — to the Prussians for iron castings and 
embroidery patterns, — and to the Italians for objects of art, that 
we began to set up schools for giving our workmen knowledge of 
design. The tax we pay to foreigners for our lack of knowledge 
is so great that it would hardly be believed ; we spend millions 
yearly for goods that we ought to be able to make as well : nor does 
the evil end here, for as we cannot make for ourselves, so neither 
can we meet the foreigner in the market abroad. This loss falls, 
too, upon those who have no need of a knowledge of design. 
Because the French can bring out silks ? satins, muslins, cottons, 
and shawls with better patterns, the English spinner and weaver of 
plain goods, the machinist, the drysalter, and the merchant, lose a 
very large share of employment. 

It is good that it should be so, that there should be a tie by which all 
are bound to woik, for otherwise there would be no getting any 
change, for many would give no help to bring it about. Nothing 
is easier than to show that the machinist, who deals with hard 
and stiff forms, and who thinks taste is as much beyond as 
beneath his care, — nothing is easier than to show that even 
he, working largely for the manufacturers of this country, has a 
share in the welfare of art. If more silks and cottons, fancy and 
stained papers, carpets, shawls, furniture, and glass can be sent 
abroad, more machinery must be wrought for their production. 
Mr. Fairbairn and his brethren at Manchester, the machinists at 
Glasgow, at Belfast, and in every manufacturing town, must and 
ought to know that they have a fellow-feeling in the right growth 
of the arts of design. If a School of Design be good for anything, 
it ought to be good for making the trade of the town in which it 
is greater : it ought not only to better the goods now made, but it 
ought to enable the town to send out goods such as we now take 
from *the foreigner, or such as we cannot now send abroad. 
Therefore, we say this has as much to do with the machinist as 
with any one ; but we say that art has to do with all. 

Pleased as we were with the Exhibition now open, we cannot 
but see that what has been done as yet has not carried art down 
among the people. The works in the Adelphi are either for the 
higher or middling classes, those who are already cared for — and not 
for the people. We have always held, from the first time that we 
undertook to write about it, tnat art must not only bring forth 
ood works, but cheap works ; that it must show itself in the 
welling of the working-man, as well as in the drawing-room of 
the rich. The earthenware, the glass, the paper-hangings, the fu*- 
niture in the smallest cot may be as well made as those in the 
abode of a king, — while taste shown in them will do much more 
good. If knowledge be power, it is so in the arts as much as in 
anything else ; and we cannot have a people powerful in the art, 
unless they be well taught. The Society of Arts have the chance 
of leading in this path — indeed they have given a few prizes ; but 
we call out again, that more ought to be done. Many working 
men and women and their children will, no doubt, see this Exhibi- 
tion, but they will go away with the thought that such things are 
not for them, and that the rich only are happy in being able to 

f lad their eyes with such sights. Thus, the great teaching of the 
Exhibition will be thrown away ; for we hold that working-men 
will have a greater feeling for the arts of design, as giving a 
charm to their own dwelling, than as a mere means of livelihood 
at the will of the rich. 

Felix Summerly has taken upon himself a task which is truly 
worthy in these davs ; but we want a Felix Summerly for the 
kitchen as well as tne drawing-room : and we hope if he does not 
take this further task upon him, that some one else will. Mr. 
Cole, as Felix Summerly, by choosing this path in art, has made 
himself a good name, as Mr. Hay has by choosing house-painting; 
and we wish that other men who have taste and skill would follow, 
and take each some branch in which he can make his artistic 
knowledge useful. Sir Walter Scott spoke most wisely when he 
led Mr. Hay to follow house-painting instead of high art ; for 
although Mr. Hay's powers of mind cannot be doubted, we could 
much better have spared a Landseer or a Wilkie, than one who 
by his works and his writings has done good to a whole trade, and 
has taught hundreds- of workmen that they may use their heads 
and eyes as well as their hands. 

In the late free-trade speeches in the House of Commons, we 
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were much struck by what Mr. Wilson said, that the only goods 
sent out in 1847, on which there was no falling off, but which were 
more in worth, were silks sent to France, a trade which has grown 
very much, and which some few years ago would hardly have been 
believed. If we try we can push the French home, but then we must 
set about it in the right way, not narrow-mindedly as we have 
hitherto done, but boldly and skilfully. The workman must be as 
well taught here as he is in France, or he will do no good. We 
must not have him kept back for fear he should turn out a painter, 
and come in the way of some Royal Academician hereafter ; but we 
must have him as well taught as the Royal Academician. The 
groundwork of ^rt is one and the same, whether for a paper- 
hanger or a weaver, a Landseer or a Gibson ; and we believe that 
often, more taste is shown in a glass jug or in a common shawl, 
than in the many landscapes and Art-Union paintings which deck 
the walls of the Royal Academy. So sorrily has the School of Design 
been managed by the Board of Trade, that we are still no better 
off than we were eight years ago ; nay, we believe that there was 
a better and a stronger feeling for the arts of design then than 
now. Since Somerset House lost the spur of the Society for Pro- 
moting Practical Design, in Leicester-square, it has gone on but 
slowly, and it has done nothing for spreading a knowledge of the 
arts or design among the people. 

The Board of Education is as much behind-hand. Though 
drawing is as useful to the child of a working-man as reading 
and writing, and though Mr. Wyse has for years brought this 
before them, masters and mistresses in National and British and 
Foreign schools know next to nothing of drawing, and do not 
teach it. The few who do, teach drawing only to a small number 
of the elder boys, however willing the younger ones or their 
fathers are that they should learn. 

Little or nothing too has been done to teach drawing to girls, 
so as to fit them to earn a livelihood in many trades where a know- 
ledge of it is of use. When we bethink ourselves how few trades 
are open to women, we feel how very needful it is that every 
means should be taken to enable them to earn their own bread ; and 
nothing seems so likely to forward this, as by giving them a 
kind of knowledge which is so much wanted in England. The 
trade of flower-making, which is a new one, and in which in 1 841 
there were a thousand women at work, has now grown very much ; 
but still, many thousand pounds' worth of these flowers, which are 
better made, are brought over from France. 

It is hardly fair to say anything about the Exhibition without 
speaking of the Catalogue, which will do as much good as the Ex- 
hibition itself. It not only tells us what the Society of Arts did 
last year, and what is shown this year, but it lays down a plan for 
spreading wider the good the Society is now doing. This plan is 
two-fold : first, to send round to the country Schools of Design the 
objects shown in London each year, and thereby to bring it to bear 
upon the scholars and workmen throughout the country; and 
second, to have a great show every three or four years, to be held 
in a building raised at Charing-cross. Altogether, there is such 
earnest shown to uphold the arts of design, that we feel truly 
thankful to the Society for the work they have done, and we hope 
thev will have the help of the Board of Trade, and of the Board 
of XV orks, in carrying out the two plans. Indeed, the former Board 
have already made known their goodwill towards it. 

There are so many things worthy of being named, that we are 
almost kept back from saying anything, because we cannot speak of 
all. 

The bronze and iron castings show that we have made way ; but 
we must not hold till we have got beyond the Prussians and the 
French. The iron castings from Coalbrook Dale, from Messrs. 
Stewart and Smith, and Mr. Messenger, are very good ; and the 
last has sent some good bronzes, as Mr. Hatfield has likewise done. 

Messrs Leighton, the book-binders, have sent a few designs by 
Luke Limber (John Leighton), and some book-covers in papier- 
mache, which are very ably done, and show that their trade is not 
behind-hand. Indeed it is perhaps doing more than others to spread 
taste among the people. 

The carvings in wood by Mr. Jordan's machinery are truly won- 
derful. They are as good as those of Grinling Gibbons, or of any 
of his school. There is a freedom about them which shows the 
hand of a master, rather than of a machine. , 

Mr. Drayton, it will be seen, has brought forward his new way 
of silvering glass, by which he can now silver the inside of cups 
and bowls, plain or carved. 

The cartoon decorations by Mr. W. B. Simpson are sure to 
strike the looker-on, for there is a power in them beyond what 
has been before seen in decorations. The cartoon of “Loyalty," 
from Mr. Redgrave's fresco in Westminster Hall, is so good, that 


it seems the handiwork of a skilful painter ; and we can hardly 
believe that it is not so, for it is so unlike what we see in the gene- 
rality of decorations. 

W e think this new process very likely to spread a knowledge of 
art among the people. There are many places where it can be 
used, and many joint-stock undertakings which will give it their 
help. For first-class waiting-rooms in railway stations, for board- 
rooms, for the counting-houses of banks, assurance companies, and 
docks, it might be well applied. These great undertakings would, 
we are sure, willingly lay out a little money in what would please 
the public, and do credit to themselves. A set of likenesses of 
engineers would fit a waiting-room well. We would name Watt, 
Trevithick, the two Stephensons, Brunei, and Locke. Many 
paintings bearing on trade might be shown, as Mr. Lee finding out 
the stocking loom ; Queen Elizabeth giving a charter to the East 
India Company ; Drake teaching ship-building to Prince Henry hk 
the Tower; the Marquis of Worcester likewise in the Tower making 
a steam-engine; King William giving a charter to the Bank ; the 
Duke of Bridgewater and Brindley overlooking the works of the 
Bridgewater canal ; Arkwright and the spinning jenny ; Watt and 
Dr. Robison making experiments on the steam-engine; Don Ricardo 
Trevithick directing the putting together of a steam-engine in 
Peru ; Peel, Huskisson, and George Stephenson witnessing tfao 
starting of a locomotive on the Liverpool and Manchester railway. 
Some of these have been already painted, and there are many other 
subjects shown in Westminster Hall which might be chosen by Mr. 
Simpson, as an early English trial by jury, Alfred manning his 
ships, King John signing Magna Charta. 

The inlaid work from Messrs. Holland and Sons shows that in 
this branch the French and Belgians are not before us, and give 
hopes that we shall in time drive them out of the furniture trade 
to America. The taking the duty off foreign woods now allows 
our cabinet-makers to send goods abroad. The only fault we find 
is with the centres of some of the tables, which in Nos. 7 and 8 
are very ugly. 

The copy of an antique shield (No. 10) is a favourable specimen 
of iron casting. 

Nos. 11 and 12 are a very good application of papier-mach£ to 
picture frames, by Mr. Bieleheld. 

The papier-mache cheval screen by Jennens and Bettridge has 
been got up with great labour. It is called in the Alhambra style 
and decorated with Arabic inscriptions, but we neither like the 
style nor the composition. We think the labour misapplied. ThB 
colouring of the frame, gold upon a warmish white, looks tame 
without being rich. 

Most of the encaustic tiles by Minton and Co. are dull in colour, 
which arises from the attempt to apply all colours, instead ot 
sticking to those which do best. Mr. Minton has been happier in 
glazed tiles. We cannot but wish that the old Flemish glazed 
chimney-tiles, or something like them, were brought out again. 
An old chimney-corner, with its set of bible tiles or Flemish land- 
scapes is a story book in itself, and pleasing to old and young. 
Tiles for walls, with drawings of interesting objects, or with maps, 
would be welcome in schools and manv other buildings. 

Mr. Copeland seems a worthy follower of Wedgewood. His 
works in earthenware are among some of the best in the Exhibition. 
The taste and care shown in them cannot be gainsaid, and they 
keep up our fame in this trade, which is worth so much to us. The 
English earthenware is now the best in the world, and much of it 
is sent abroad. Indeed, it is a great staple, and worth the more to 
us as the work and the ware are all our own, only some of the 
colours being brought from abroad. By the care given to the higher 
kinds of porcelain, we shall in time be able to put down foreigners 
in that branch of the trade likewise. 

There are so many good works of Mr. Copeland's that we can 
name very few. An earthenware wash-stand (No. 37) is a very 
good design. It has a blue ground and white borders tastefully 
drawn. There are many other jugs and bowls well worthy of praise. 
The wash-stand No. 88 we do not like so well ; its effect would de- 
pend wholly on the hangings which might be used in the room. 
The enamelled porcelain cups and saucers, Nos. 139 and 140, show 
the resources of the establishment in decoration. 

The chimney slabs show the progress which has been made in 
the application of porcelain ana painting for this purpose. The 
lock-iurniture and bell-lever, likewise in porcelain (No. 170), ard 
richly ornamented with gold. Porcelain is now being much used 
by builders, as is likewise glass for ornamental purposes. 

The large collection of works and groups in statuary porcelain 
shows Mr. Copeland's power in what may be considered a more 
purely artistic department. This material has been employed by 
the Art-Union for prizes, and promises to be very useful m spread* 
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ing a knowledge of the works of our best sculptors, for in effect it 
comes near marble, and in cheapness near plaster. It takes a 
middle place between marble and plaster, and being more lasting 
than the latter, is likely to be very much used by the middle classes. 
We fear, however, that it will give us in sculpture a school of 
statuettes, as we have in painting a school of cabinet pictures, and 
so far draw away the public mind from high art. Still, we welcome 
the statuary porcelain and the Parian as a good beginning, and we 
can take the evils when they come with the less remorse, as now 
sculpture is far from being in the most palmy state. This kind of 
copy promises likewise a better reward to the artist, for marble i9 
a material costly in itself and hard to work, and therefore the 
sculptor gets few orders for a good study, and few are fond of 
casts. Now, a small gallery of groups can be had for a very small 
mm, and no one need be ashamed of having such works in his 
drawing-room. Among Mr. Copeland’s productions we would no- 
tice the Narcissus, after Gibson (No. 209) ; Innocence, after J. N. 
Foley (No. 210); Paul and Virginia, after Cumberworth (No. 211); 
the Return from the Vintage (No. 212); Apollo, after W vatt (No. 
*14} ; Cupid chained (No. 218) ; and Onaine, after Praaier (No. 
219). The busts do not tell so well. 

The Cupids holding a Tazza (No. 182) is a very good design for 
a flower-stand, in statuary porcelain. 

Mr. Copeland is very successful in the Portland jug (No. 202), 
of the same material. 

Another work of his we shall name is the Armada bottle (No. 
217). We are likewise pleased with this vase after Cellini (No. 
223). 

Messrs. Chamberlain, of Worcester, have sent some very gorgeous 
porcelains, gilt, painted, and enamelled. 

Mr. Magnus, of the Pimlico Slate Works, has sent slate chimney- 
slabs, likewise table tops, which are worthy of notice by builders. 

Mr. Pratt's Anglo-Etruscan vase, in the Great Room, is very 
praiseworthy. 

The prize candelabrum must be the work of an architectural 
student, and have been chosen for the prize by an architect. It is 
what some architects call classical, and what other people call 
tame, stiff, and bald. We think the prize is thrown away, and we 
should have been much more pleased with a copy of one of the 
oandelabra in the British Museum. 

The prize lamps are not much better. They may catch some 
ejres, being in silver, but are poor and common-place. We wish 
there had been more designs for silver-plate. One very good is 
No. 348, an adaptation of the trumpet lily for a dessert-stand. 

The papier-machd productions to our mind show much more 
splendour than taste. They are too much in the gewgaw and 
Vauxhall way. 

The u Repose” arm-chair (No. 242), is very unluckily named, for 
there is no repose in its composition, and there can be none within 
its arms. Mr. J. C. Horsley is the designer, but his skill is quite 
thrown away, for the reliefs have no effect. The terminal figures, 
in whatever material they may be finished, will be indistinct. 

Mr. Nicholson has shown a very elaborate shell cameo (No. 268), 
but the subject is too complicated, and therefore indistinct. Miss 
M. A. Nichols has sent five imitation cameos. Cameo cutting is 
worthy of care, for in Paris it gives work to many hundred men. 

The glass works (Class XII.) are so very good that we hope they 
are an earnest of our making a great trade in glass, and becoming 
free from the Bohemians and Germans. 

The Decorative Art Society is doing so much good, that we look 
forward to see some other society raised which shall take in a lower 
class of workmen. There is room for a great deal to be done, and 
we feel very strong hope from what we call the small exhibition of 
the Society of Arts — small because we are sure we shall soon see 
much larger exhibitions held under its care. 


INDIAN RAILWAYS. 

Indian Railways and their Probable Results , with Maps and an 
Appendix containing Statistics of Internal and External Commerce of 
India. By an Old Indian Postmaster. Third Edition. London : 
Newby, 1848. 

We are now in 1848, and Indian railways remain where they 
were, though the East India Railway Company has got a guarantee 
and U »ve to begin. This is a hard lesson, but one which is of no 
good so far as the present is concerned, and will, we fear, be found 
little better in the future. Governments are not ready scholars, 
even in the matter of revolutions. We have always upheld the 


freedom of joint-stock undertakings, as the best safeguard against 
speculation and the want of it. The East India government were 
fearful in 1845 of the gambling madness of the times. Scheme 
after scheme was brought before them, money was held out freely, 
but they drew back frightened, and set themselves down in what 
they held to be a quiet and orderly way, to lay down rules on which 
railways should be carried on and shareholders should pay thehr 
money. Following in the path of the Board of Trade here, they 
sent out to India a railway board, with Mr. Simms at its head. He 
did his work as well and carefully as he could, and sent home some 
long blue-books, from which, however, we are sorry to say, we 
have learned no more than we knew before, so that they have in 
no way put railways forward one inch. Everything has to be tried 
still ; Mr. Simms has given us no answer as to embankments in the 
valley of the Ganges, long bridges over the streams, how wood will 
serve for sleepers, how works are to be carried on, nor one single 
point in engineering has he settled, — and from no fault of his, be- 
cause experience is the only guide and judge. Therefore, three 
years have been lost on this head, and instead of beginning with 
three or four years* experience, we are as far behind-hand as we 
were before. It is during the first three or four years that the 
greatest changes are made, because it is the time of experiments ; 
every day shows something, and instead of trying to settle the 
engineering of India before-hand, a wise man would wait for prac- 
tice to guide him in fixing any lasting system. 

India has needlessly lost so many years of railway transit ; by 
this time the traffic of the Ganges would have had some small help 
from railway works. Perhaps a couple of hundred miles of railway 
would have been open ; and if only so much, or even less, still 
the results would have been great, because each hundred miles of 
railway is the saving of a day in the communication with the up- 
land. The opening of a railway would have been felt by the steam- 
boats, and more of them would have been put on the river, while 
branch roads would have been laid down to reach the railway. 
The making of a railway is, as is well known, only a small part of 
the good which is to arise. The railway will be the trunk towards 
which steamboats will run, and roads be made. The traffic will be 
always growing, so that at each step food for new railways will 
be found. The steamboats have shown this, though not so much. 
At first six small steamboats were run, sometime after six more, 
and latterly six large steamboats have been put on, and there is a 
call for more. All are paying well, though there is more than four 
times the power that was in the first instance held needful. We 
have heara of railway carriages carrying their own railways with 
them, but it may be said of Indian railways that they will carry 
their own traffic with them. 

When we come to the money part of the question, and say that 
three years have been lost, we do not give a right idea of the evil 
which has been done. Time in the share-market cannot be trifled 
with, and cannot be got back again. The fatal event of Louis 
Philippe's death or Ml has been long hanging over us ; it was 
known that it must happen, and that when it did the share-market 
would be utterly upset. Never was it so needful to make hay 
while the sun shone ; the storm was hanging about, it was looming 
in sight, and there was no time to be lost. In the years 1845 and 
1846, any money could have been raised ; in the years 1847 and 
1848, no money can be raised, — and who dares look forward with 
hope? 

If the share-market were as law-makers wish it, and as they 
have tried to make it, it would be very well ; but unhappily it is 
not so. It does not work so smoothly as they think it may ; it 
has its ebbs and its floods ; sometimes setting in with a full tide, 
whirling and eddying round, the waters rising to the top of the 
flood, then the stream pouring out with a quick rush ana leaving 
all bare. People were wonder-stricken that there should be gamb- 
ling in 1846, as if there never were before ; and though they were 
quite ready to say that a heavy fall would follow, they did none 
the more wisely. Time has shown that while share-gambling is 
going on, railway-making is going on ; and when share-gambling is 
at an end, money cannot be raised even for the most useful under- 
takings. There is a cloud hangs over all, the good and the bad ; 
and though those who have helped to make the storm worse may 
wish it otherwise, the good feel it as much as the bad. 

While the share-market flourished, and the East India govern- 
ment were besought to give their leave for the railways to be begun, 
they stopped short, as if they had time in their own hands, and 
could wait as long as they pleased. They have so often set up 
kings in the east and put them down — they so often send out their 
word, and a mighty kingdom springs up or is cast down, that they 
thought they had only to speak, and railways would be made when- 
ever they liked. Had they then, as they were told, given the 
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lines without guarantees, the money would have been raised ; 
whereas now, even with a guarantee, the undertakings linger, and, 
as we have said, how long they may linger no one knows. „ The 
share-market when once shaken does not recover at a fixed date ; 
it is not within the power of any one to know when it will recover, 
while the shock is now very great. The banks throughout Europe 
are breaking, the hoarding of gold and of silver has begun, money 
will go out of sight, war may spring up, the government may give 
as formerly six or seven per cent, for loans, and then the common 
returns of joint-stock undertakings do not hold out hope enough 
to the shareholder or lender. 

By the blundering of the government has the welfare of India 
been threatened, ana it is only by acting otherwise than they have 
done, that they can stop the evil from spreading further. India 
has felt a great loss in tne want of railways, but if she is to be kept 
without them for years, the mischief which will be done will be 

f reat. India has to struggle in trade with America and the W est 
ndies, where railways and steamboats are widely spread ; and un- 
less India have the same help, she cannot keep up in trade against 
them. India can raise cheaply — none can beat her ; but so much 
time and so much money is spent in carrying goods to market, that 
they come dear and bad, instead of cheap and good. 

It will do little for India that English gold is now not likely to 
be sent abroad to France, Flanders, Italy, and Spain for railways ; 
shareholders are sick of them, and will be afraid to have any thing 
more to do with them. This is however no help, we fear, for India, 
for the call for money at home cannot be met, as so much has been 
lost. 

Among the undertakings which were brought into the market in 
1845, none hardly were more useful than that of the East India 
Railway Company, for making a railway from Calcutta for 800 
miles up the valley of the Ganges. Mr. Macdonald Stephenson, 
its managing director, gathered together all that could be learned 
in India, and in his works gave the heads of what Mr. Simms has 
written since. There was quite enough to show the likelihood of 
the undertaking, and when it was brought forward it was hailed 
by the leaders of the money market as a railway well worthy of 
tfieir help. The heads of the East India Railway Company were 
some of the richest merchants here, and there was such trust given 
to it that its shares rose very quickly in price. 

Thanks to the Board of Trade, the Company was withheld from 
taking more than five shillings a share when they could have had 
two pounds ; so that now instead of having some hundreds of thou- 
sands of pounds in hand, enough to make a good beginning, they 
have hard work to raise a hundred thousand pounds, which is to 
be lodged with the East India Company. 

The East India Company has in the end given to the Railway 
Company leave to go on, and offered a guarantee of interest, whicn 
in 1845 or 1846 would have sent up the shares to such a price as to 
have made them among the best in the market. There were then 
no shares in the market guaranteed by any of the English govern- 
ments, and such was the call for guaranteed shares that those 
guaranteed by the great railway companies were eagerly sought. 
Therefore the market was clear for the Indian railway shares, and 
nothing but the utter blindness of the government kept India back 
at such a time. On what good grounds it could have been done 
no one can readily see, for India is always in want of money, and 
when there was a hope of getting it from England it should not 
have been let slip. 

We have still the utmost trust in the East India Railway Com- 
pany, for we believe that the line must be made, and we hope 
therefore that everything will be done at once to help it on. We 
see no good in leaving a hundred thousand pounds in the hands of 
the government, that should be dropped at once. The Company 
should likewise have full power to borrow money here and in India, 
in whatever way they can. If there be any need of it, the govern- 
ment of India must lend them money to begin, so that they make 
a start, for there is no time to be lost. If there should be a war in 
Europe, and the overland way to India be stopped or hindered, 
then it will be still more needful that there should be a quick 
transit between Calcutta and the north-west. 

On these grounds we say to the East India Railway Company 
u Hold on for if the government do their share, the undertaking 
will become one of the first in the world. Much of the railway can 
be readily made, and as cheaply as those of America, while it has 
only to be opened to have a good income at once. We have always 
believed, and we do still, that when a start is made, a great deal 
of money will be got from India : India finds money tor banks, 
assurance companies, steamboats, coal mines, indigo works, sugar 
mills, and tea plantations, and we do not see why she should not 
for railways. The Indian mind is awakened. What has been seen 


of late years has laid the way for railways. The steamboat has 
shown the Hindoos that speed can be got, that goods can be brought 
up quickly, and they are ready to believe that railways will do for 
them what it has been held out they can do. India waits only for 
a beginning, and then railways will spread as many arms over the 
land as they have in England or America. 

In Southern India the companies are still less ready to begin 
work, so much have they been weakened by the loitering of the 
stand-still government, but as railways are fully as needful there 
as in Bengal, we hope very little time will run before steps are 
taken to bring them forward. The growth of cotton in Bombay 
and Madras is kept back by the want of railways, and a little help 
only will enable the merchants and people of those two presidencies 
to make their own railways. They have come forward most warmly, 
and although their late losses have lessened their means, they will 
be found ready to follow up the lead of the government. 

Railways in India must be made, and they must be carried out 
as joint-stock undertakings ; for whatever may be the want of power 
of these latter now, the government in India are no stronger, and 
always find it hard to raise money. Let us hope, as so much blame 
belongs to them for the hindrances they have hitherto thrown in 
the way of railways, that they will see good to make a change, and 
do all they can to make up for lost time. If they do not do it of 
themselves, the parliament of England must do it for them ; for if 
the cotton-growers of India cannot be heard there, they will be 
heard here, and the cotton-weavers of Manchester have already 
spoken out. We cannot be left in the power of America for the 
cotton, on which our great staple manufacture depends, and whereby 
so many Englishmen earn their scanty livelihood. 

The third edition of the book before us is on the same plan as 
those that went before it. It is enlarged by some new extracts, 
which are put together without any great regard to order, and the 
staple is still from the works of Mr. Macdonald Stephenson. The 
right title would be “ Indian Railways from the works of Mr. Mac- 
donald Stephenson, with other matter by an Old Indian Post- 
master.*’ Except Mr. Stephenson’s materials, the best thing in 
the book is a map of the lines of railway in Northern India. 


THE WICKSTEED ENGINE. 

Mr. Wicksteed was the first to introduce the Cornish engine 
into the metropolis, and he deserves great credit for his exertions. 
The first engine was put up about four years ago, when a descrip- 
tion of it was published in this Journal. The second, which is 
larger, is named the Wicksteed engine, and is erected at the East 
London Water Works. It was started to supply water to that 
compan/s district in June 1847, and is the largest engine hitherto 
erected in London; it was designed by Mr. Wicksteed, who is 
engineer to the company, and was erected under his superintend- 
ence. It was manufactured by Messrs. Sandys, Carne, and Vivian, 
of the Copperhouse Foundry, Hayle, Cornwall. The diameter of 
the cylinder is 90 inches, the diameter of the pump 44 inches, 
length of stroke 11 feet, and it pumps 20 imperial barrels at each 
stroke. When working at the rate of eight strokes per minute, it 
raises 5,792 gallons per minute, or 8,340.480 gallons per diem, or 
84,563,200 imperial barrels per annum. The power when working 
at this speed is 200 horse-power. The main beam is 39 feet long, 
and weighs S3 tons — it vibrates on a cast-iron main gudgeon 16 
inches diameter, and the whole is supported by four columns and 
an entablature of cast-iron, designed in the Grecian-Doric style. 
The plunger with its appendages weighs 43 tons, which mass of 
matter is raised 1 1 feet high at each stroke of the engine. The 
pump- work is supported by two iron girders weighing each 10 tons, 
and is strongly bolted down to a mass of masonry in the founda- 
tions. The boilers, four in number, are cylindrical, 34 feet long, 
6 ft. 6 in. diameter, with an internal fire-tube four feet in 
diameter. The diameter of the steam-pipe is 16 inches. 

The total weight of the engines, pump- work, and boilers is 414 
tons, and the whole cost was £ 10,000, or <£50 per horse-power, or 
about £24 per ton. 

The quantity of coal consumed by this engine, if working at full 
power night and day, would be 2,000 tons per annum, and the 
quantity of coals that would be consumed by the best of the ordi- 
nary non-expansive engines in doing the same work would be 4,500 
tons ; showing a saving m favour of the Cornish engine of 2,500 tons, 
which at 13#. per ton is £l,625 per annum, or 16^ per cent, upon 
the cost of the engine for coals only. 
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COAL DROPS, AND MIDDLESBOROUGH DOCK. 

( With Engravings , Plate VI. ) 

Account of the Drops used for the shipment of Coals at Middlesbro'- 
on-Tees , with a description of the Middleshro* Dock . By George 
Turnbull, M. Inst. C. E. — (From a paper read at the Institution 
of Civil Engineers.) 

The dock was commenced in the spring of 1840, and was opened 
for trade on the 12th May, 1842* The general form of the dock 
and its position with respect to the river Tees will best be under- 
stood by reference to the annexed engraving. It possesses an area 
of 9 acres at the water surface ; the approach is by an entrance 
channel, rather more than a quarter of a mile in length, cut 
through the sand banks of the river, and kept open by means of 
occasional sluicing from the lock-gates, and also through culverts 
built in the lock walls for that purpose. Some apprehensions were 
entertained of the practicability of keeping open the entrance 
channel by these means, as there is much shifting sand in the bed 
of the river Tees, and every interference with the current of the 
river produces marked alterations in the form and position of the 
shoals or sand banks. After due deliberation, the scheme was at 
length carried into execution, under the sanction of the Tees 
Navigation Company, and the result has been marked with the 
complete success which was anticipated by the projectors ; the 
channel was dredged out to its full depth, the slopes and banks 
were covered with a paving of rough chalk and stone, and after a 
trial of nearly three years the channel is now in a better state 
than when it was first made, and is kept up at a very trifling cost. 

The entrance lock is built principally on a foundation of hard 
sand, and on account of the quantity of water found in it, an un- 
usually large proportion of piling and wooden platforms were re- 
quired in the foundations. The lock is built of stone, chiefly from 
the Byker quarries, on the river Tyne ; It is 132 feet long and 30 
feet wide ; the depth of water is 15 feet at neap tides ana 19 feet 
at spring tides: the bottom of the dock was excavated to the 
depth 'of 3 feet under the level of the lock cills. 

In connection with the dock, a branch line was laid down, di- 
verging from the Stockton and Darlington Railway and terminat- 
ing in ten double lines, leading to the ten drops (1 to 10) situated 
on the west side of the dock. The raised platform of a triangular 
shape, covered by these diverging lines of railway, comprises an 
area of 15 acres, and affords spare room for 1,200 loaded wagons, 
or more than 3,000 tons of coal, besides means of egress for the 
locomotives with their trains of empty wagons. This great 
amount of standing room forms a principal feature in the arrange- 
ment of these works, as in the district, of which this is the shipping 
port, there are numerous descriptions of coal, several of wnich 
come down the railway in the same train ; a separation is made on 
the platform, and each colliery having its own drop assigned to it, 
the wagons, with the proper description of coal, accumulate in one 
branch, and descending along the railway, which is so inclined as 
to permit the wagons to move by their own gravity, the shipment 
is carried on with much facility. An inclination in the contrary di- 
rection is given to the empty line, sufficient to allow the unloaded 
wagons to move of themselves, by which means some saving of 
horse labour is effected. 

The cost of all the works connected with the dock, including 
the branch railway, raised platform, permanent rails, dock work, 
entrance lock and channel, and breastworks along the shore of the 
river Tees, with the ten coal drops, amounted to the sum of 
£ 122 , 000 . 

These works were designed by Mr. W. Cubitt, V. P., and the 
author was the acting or resident engineer. 

The coal drops are peculiar in their construction and are pro- 
bably not much known beyond the district in which they are used; 
they are distinguished from the drops in common use on the Tyne, 
by the coal wagons being lowered perpendicularly to the ships* 
decks, whereas in the latter the wagons are lowered by means or a 
cradle and vibrating frame, which describes the arc of a circle in 
its descent. In places where the wagons have to be lowered from 
a height of 30 feet and upwards to the ships' decks, which is a 
common circumstance in the Tyne and the Wear, the vibrating 
frame (originally invented by the late William Chapman of New- 
castle) are found well adapted for the purpose ; but where the 
height is limited, or where the railway is so low that the wagons 
are jusi clear of the taffrail of the light ships, the perpendicular 
drop becomes more convenient. This ingenious contrivance was 
first suggested to the Clarence Railway Company by Mr. George 
Leather, of Leeds (M. Inst. C. E.), and was carried into effect at 
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Port Clarence on the river Tees, where several of them have been 
in use for some years, and are very effective. 

The ten drops erected on the west side of the Middlesbro' Dock 
are almost similar, in every respect, to those at Port Clarence. 
The principle of their construction and mode of operation will be 
readily understood by a reference to the engravings, Plate VII. 
Fig. 1 shows a front elevation, and fig. 2 a side elevation of the 
drop and its machinery ; fig. 3 shows the machinery, with the 
cradle and wagon, drawn to a larger scale ; the same letters refer 
to the same parts in the different drawings. 

The wagon A, weighing about 30 cwt., and containing one chal- 
dron or 53 cwt. of coal, is shown standing on the moveable stage 
or cradle B, which is suspended by means of chains passing over 
the sheaves C, C ; the ends of the chains are attached to the large 
, sheaves F, F, the latter being cast with grooves of unequal depth, 
to accommodate the two chains, which it will be seen are of un- 
equal length, and require a corresponding inequality in the sheaves, 
to preserve the cradle in a horizontal position. These sheaves are 
fixed on a strong iron axle H, on the extremities of which are two 
other sheaves or pulleys K, K, to take the chains which sustain 
the counterbalance weights M, M. The break machinery for 
lowering the wagons consists of the toothed wheel P, 7 feet 
diameter, fixed on the same axle H ; the pinion-wheel Q, 2 feet 
diameter ; and the break-wheel R, 6 feet diameter, having a break 
over its whole circumference, worked by a strong lever-handle, 
which controls the descent of the loaded wagon, and its ascent 
when empty. 

When the machinery is at work, the loaded wagon is run on to 
the cradle, or stage, B, and is stopped by wooden chocks in its 
proper position, directly over the natchway of the vessel to be 
loaded (T, T, fig. 1.) The breaksman then releases the break- wheel, 
when the cradle and wagon descend perpendicularly, the suspend- 
ing chains winding off the sheaves F, F, the counterbalance 
weights rise, and their suspending chains wind on to the sheaves 
or pulleys K, K. The cradle, with the wagon upon it, still main- 
taining its horizontal position, having nearly reached the ship's 
deck, the contents are discharged by a man who descends with it 
for that purpose ; the counterbalance weights then have the pre- 
ponderance and the operation is reversed, hy the weights descend- 
ing and the empty wagon and cradle rising to their original posi- 
tion. The whole is so guided and controlled by the breaksman, 
and the counterpoise weight so adjusted, that the wagon can be 
made to descend and ascend quickly or slowly, or be stopped with 
ease in any position, either ascending or descending. 

The drops at Middlesbro' Dock are constructed of strong wooden 
framework fixed on Memel fir piles, and the cost of the ten drops 
was £7,300, or £730 each, including all the timber, iron-work, ma- 
chinery, and the labour in fixing. 

Each of these drops can ship a wagon load of 53 cwt. in a 
minute, or about 150 tons in an hour; but as the coals cannot be 
trimmed off so quickly in the ship's hold, about thirty wagons an 
hour may be taken as the ordinary rate of working. Forty 
wagons, containing a chaldron each, which are = 5 keels or 106 
tons an hour, may be considered the limit of working. 

In the year ending 1st July, 1845, 505,486 tons were shipped by 
means of the ten drops here described. The shipment in the six 
months ending 31st December, 1845, amounted to 264,180 tons. 


ON THE RESISTANCE TO BODIES IN FLUIDS. 

On the relation between the Velocity and the Resistance en- 
countered by bodies moving in Fluids . By John Mortimeb Heppel, 
Grad. Inst. C.E. — (Read at the Institution of Civil Engineers.) 

The determination of the relation between the velocity and the 
resistance encountered by bodies moving in fluids, has always been 
an interesting topic of inquiry, as well to the speculative philoso- 
pher as to the practical mechanist, and perhaps on no portion of 
physical science have more pains been spent ; whether looking to 
the sagacity with which experiments have been devised, the libe- 
rality with which they have been carried out, or the mathematical 
acumen with which their results have been classified and brought 
under general laws. To enumerate the names only of the men, 
illustrious by their science, who have brought their energies to 
bear on this subject, would fill a larger space than these few re- 
marks are intended to occupy. It is sufficient to mention Newton, 
who in this, as in so many other departments of philosophy, first 
shed the light of his brilliant genius on the former obscurity ; — 
after him the scarcely less celebrated Daniel Bernouilli, and in 


latter times Bossut and De Buat, whose patience and accurate re- 
search opened such a multitude of observed facts to the contemp- 
lation of the theorist. Again, the valuable experiments of tne 
French Academicians; the indefatigable labours of the late 
Colonel Beaufoy, so liberally made available for the objects of 
science by his son ; and lastly, though not among the least, must 
be mentioned the excellent experiments on canal boats by Palmer 
and Macneill, given in the Transactions of the Institution (vol. I. 
pp. 165-237). After such a retrospect it may appear presump- 
tuous in a young and unknown individual, attempting to and 
anything to a subject already enriched by such contributors; as 
his remarks, however, are brought in an humble and modest spirit, 
and so far as he is aware, have not been anticipated by any pre- 
cisely similar, he begs to lay them, without further introduction, 
before the Institution. 

It will no doubt be recollected, that in the cases already glanced 
at, the almost invariable method of experimenting has been to 
attach a weight, or other known motive force, to the body in ques- 
tion, and to determine, by direct observation, the quantity of this, 
corresponding to an uniform velocity of progression. From this 
method it has necessarily followed, in most instances, that the 
bodies subjected to experiment were of moderate dimensions, and 
the theoretical views derived from the observations, have been ex- 
tended to those which from their magnitude have been placed 
beyond the range of direct experiment. In the experiments of 
Palmer and Macneill, the same mode of proceeding was adopted, 
by applying the dynamometer to boats moving on canals, and from 
the magnitude of the scale of these experiments, as well as from 
the care and accuracy with which they appear to have been con- 
ducted, they must be very valuable. Gigantic, however, as these 
bodies were, as compared with those which had previously been 
brought under investigation, they become dwarfs in respect of the 
vessws, the knowledge of whose properties is every day becoming 
a matter of deeper practical importance. It has often surprised 
the author, that these vessels themselves had not been made the 
object of experiments, with reference to this question, and more 
especially, it it can be shown, as is here attempted, that those pro- 
pelled by steam, more especially, unite all the conditions requisite 
for obtaining easily and simply, accurate and important results. 
The form, however, of these experiments, must differ from that of 
former ones, as the tractive power requisite to maintain a high ve- 
locity, in such large bodies, would be far greater than could be 
conveniently disposed for such a purpose. 

There is, how ever, another no less certain mode of inferring the 
amount of resistance encountered by a body, which is, to remark 
the diminution of velocity produced in a given small portion of 
time, when the body is exposed to the action of this resistance 
alone, from w T hich diminution of velocity, the force which produced 
it may be inferred with mathematical precision. Let it be pre- 
sumed, in the first instance, that the velocity with which the vessel 
is at any instant moving through the water, is capable of being 
measured and observed ; then having set the vessel in motion, 
with a given velocity, let the action of the motive power be 
stopped. The only forces to whose action it will then be exposed, 
are the resistance of the water and the air, of which the former 
will be by far the more considerable ; but of both of which it will 
always, under ordinary circumstances, at the same velocity, have 
the same amount to encounter, and whose amount therefore con- 
stitutes the obstacle to be overcome by the motive power, and de- 
termines the quantity of that power always required to maintain 
that velocity. From the instant when the engines are stopped, 
the speed of the vesssel will obviously diminish, and let the amount 
of its diminution during some small interval of time, say a second, 
be noted ; that is to say, the difference between the velocity at the 
commencement and at the end of that interval. Now if the 
vessel had been subjected to the action of a force equal to its 
whole weight, the amount of velocity destroyed in a second would 
have been 32 feet per second, therefore, as 32 feet is to the observed 
loss of velocity in feet per second, so is the whole weight of the 
vessel, as shown by its displacement, to the force by which this 
loss of velocity has been produced ; that is, to the united resist- 
ance of the water and the air, corresponding to the velocity in 
question. It is here assumed, that the force of resistance, for the 
small period of the observation, may be regarded as uniform ; a 
supposition which is not precisely true, as the resistance diminishes 
with the velocity ; the smaller, however, the interval of time which 
is taken, the nearer will this supposition be to the truth, and if the 
inferred resistance be taken to correspond neither to the initial 
nor the final velocities, but to their mean, the error will become 
infinitesimal. A more important source of error would be found 
in the circumstance of the resistance of the paddles, or the screw, 
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where they are arranged so as to be disconnected, being included 
“ r* e determined resistance ; and in these cases, this would have 
to be allowed for and be deducted. As however the resistance to 
litH» U Jiffi Ce8 |. ha8 b . een 80 f “ U y investigated, this would occasion 
little d'fficuUy. An example perhaps will serve better to render 
rP® fo T®f® ln S proposition clear. Suppose a vessel to be going 
through the water with a velocity of IS feet per second, and on 
the stopping of the engines, the speed be observed in one second 
to sink to 144 feet per second, the velocity destroyed in one second 
“. tu ", e . w k ouia be equal to 6 inches; this is ^th part of the velo- 
city which would have been destroyed, in the same time, by a force 
wjuaito the weight of the vessel, and the force which destroyed it 
is therefore equal to 4th part of that weight. Now suppose this, 
m ®^f rtaine c fr< ?“ the Displacement, to be 1,000 tons, then the 
mean force of resistance between the velocities of IS feet and 144 

tJhf! r p r i r° nd 'l ff t0n8 ’ a ? d the P ower expended in overcominl 
this resistance, at the mean between the two velocities or 143 feet 
per second, is— ’ * 

1000 x 2240 
64XSS0 — 63,36 H.p. 

describ ® d the mode in which the observation should be 
conducted, it maj not be uninteresting briefly to notice the advan- 

0 ^^ pTan. might rCSUl ' fr ° m 8 weU ' arran g ed 8et of experiments 

♦bfoiSfv" 4 ? laCe ’ U W ° U l d offeran infaUible means of testing 
the qualities of any particular vessel, apart from those of her ma- 
chinery; since the action of the engines being stopped during the 

mitton li nf°thi laS l ea r ly n ® * nflu ® nce whatever on tEe rate of dimi- 
nution of the velocity. The observer would thus, in case of anv 
deficiency of speed, be enabled to fix the fault with certainty upon 
the vessel, or the engines, as the case might be. Indeed if^all 
vessels were submitted to the observation here described’ there 
seems to be no reason why their resistance should not be as pre- 
cise and definite a quantity, and as capable of accurate expression 
for any particular draught, as their displacement ; and it might be 
confidently asserted, that the vessel which in this way showfd the 
least resistance, ought to beat all others catteris paribus , and if she 
were not found to Jo so, that the fault was either iHhe engines 
or to the propelling apparatus, and certainly not in the ship g 
This however though one advantage, would not be the only one. 

88 , a ®^ ries of observations made upon the same vessel at various 
velocities, could hardly fail to demonstrate some expresfion oXw 
of relation, between the observed velocities and the resistances 
which if found to be uniform within the limits of the experiment 
™? b / a i rl y be Presumed to extend to some distance beyond them! 

^! re W ° U d bea 8tro ?S ground for predicting, with conft 
dence, the increase of speed which might be expected to result 
from any proposed increase of power. expected to result 

of w£tt n r fnthl® obServation s were repeated for various draughts 
£=£• \ *. h . “f, 1 " 6 vessel, the means would be furnished of 
knOTnng, dpnon, the precise amount of power which should be 
necewary for maintaining a given speed, with any required load. 

tbe P° wer remained constant, what would be the speeds 
which should correspond to various loads, and as before if the 
performance of the vessel should faU short of what had ’beln so 
determined, the fault would be in the machinery. 

ma y be mentioned, that although hitherto no opportunity has 
been afforded for testing the correctness of the views here nro 
pounded, by a practical application of them to the point P in 
th ? author has on several occasions ad^ted a 
method, similar in principle, m determining the resistance of 
shafting and machinery, by observing the rate of diminution of the 
velocity on shutting off the steam “from the engine and having 

b^fn g t^f» re w 0n f ° r beli ? vin ff tbe results, in these cases, to have 
keen toieraWy accurate, in spite of the difficulty of correctly es- 

tbe ate momentum of so many bodies revolving at 

velocities, he is encouraged to suppose, that in the cases of 
a floating body, whose momentum is so easily and precisely ascer 
tamable, the result would be more exact and^nquesrionabfe 

«n^ne D1 c thod -J‘ d0pted V M - de Pambour, for ascertaining the 
amount of resistance to the motion of railway trains, by th/cir- 

that here advan“d! Up ° n prec,8efy the sam ® Principle as 


bracket, carrying a pin, which should pass through a hole in a 
slender rod, hanging down below the surface of the water, and 
prolonged a few inches upwards above the bracket. Upon this rod 



Fig. 1. V 

•• »r 

of the rod, a small cord or S3 hi th ? “PP ei ; extremity 
convenient spot on the fore-Dart of th ^ r ® u ffbt, passing to some 
attached to one arm of TTStZLSL i deck N wher « it should be 
ind “ 8bo “ld move along an arc ofLtaL Ver ’ * ^ arm ° r 

resistance by* the^iLme velocity^ ''so'tiZ 

b.jn. .iarCb » 

0 ,^ a ‘ h , ema , t ‘® a . 1 expressions have in the course of this paper been 

P ^\ b8 alned fr j m ’ a8 bein ff unnecessary to a general view 
of the method proposed. It may however not be outof place to 

^®/ nark ’ tbat perhaps the best way of treating the observations 
whe„ obtained would be to endeavour to disefver an expresston 
rfl« e -f a n a in / accu . rate] y th® velocity in terms of the time, m whtoh 

^ b ® ecceratdy proportional 


ofUiTvSl c^Tbe m« n8ider j by What meaM the variable velocity 
w,^^ 1 b measured, so as to ascertain it, at any instant 

I °T^ II ^h rr bo^*^^ > ™^ 4>Par ^ apa;b ® «1 vantage*-— 


Remarks made at the Meeting after the reading gf the above Paper. 

Mr. Scorr Rpsssll said he coold not venture, without more care 

the paper^read °to d«w * *“ bjeCt * b#n W “ P ermitted b f merely hearing* 

authored the., a t Dy ifT pa " ,0n betwwn tb « remits stated by the 
author and those which he had arrived at from the extensive series of er- 

powdwas not h the m mMt !r ‘ fi j* i m P reMion wm, that the method pro! 
He dn^hLa L^fv. It d,rect - * nd tb «* i‘ w« liable to several objections. 
He doubted whether there was a sufficient knowledge of the resistance of 

thl flMtTof'thT Mddl ° 8h i, *° eD8ble the P° rti ® n of resistance due to 

tbe floats of the paddle-wheels, in a state of rest, to be separated, in the 

Sit ™” the resistance due to tbe body of the veswl. Assuming 
20 * t0 1,6 the cwe » h® mu *t contend, that nnless some means existed of 
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raising the paddle-wheels out of the water, simultaneously with stopping the 
engines, an accurate result could not be arrived at. The screw propeller 
offered greater facilities, as he believed methods had been devised for rais- 
ing it out of the water. He was of opinion also, that unless the experiments 
were tried in perfectly smooth water, they could not give accurate results, 
on account of the dipping of the bow of the vessel, and the consequent 
oscillation of the suspended sphere and rod, which would become a pendu- 
lum. These were practical objections, which were raised in his mind, by the 
difficulties he had experienced, in determining the method of conducting his 
own experiments, which were all tried upon vessels of considerable bulk and 
tonnage. The mode he eventually adopted was, to try the vessel both light 
and loaded. First taking all the float-boards off the paddle-wheels, and by 
means of a steam-tug, of about 250 h.p., drawing the vessel through the 
water, ascertaining the resistance at different velocities by means of a dyna- 
mometer ; then, by replacing the float-boards, varying the load, and conse- 
quently, the immersed section of the vessel, and noting carefully all the re- 
sults, he found an extraordinary uniformity in the amount of resistance by 
similar forms at equal speeds. At first he conceived, that it would have 
been necessary to reduce all the oscillations of the dynamometer, but he 
found the motion was so uniform, that any ordinary instrument would suffice 
for the purpose. He used an instrument, called Pitot’s tube, for measuring 
the velocity, and he had found it very valuable ; he might say almost unerr- 
ing. It consisted of a vertical glass tube placed in the centre of the vessel, 
through the bottom of which a hole of about half an inch diameter was 
bored, to pass a metal tube, continuing for a distance horizontally beside the 
keel, and terminating in a funnel-shaped mouth. When the vessel was at 
rest, the water outside, and the column within the tube, stood at the same 
level ; but in proportion as the velocity of the vessel increased, so the column 
of water in the tube rose ; and by graduating the tube in accordance with 
observed heights for given speeds, the results might be read off with great 
facility and accuracy. Any undue amount of oscillation was prevented, by 
contracting the area of the metal tube at one spot, by a stop cock, which 
was only opened when taking observations. He thought the method he had 
described, combined with the use of Pitot’s tube, was preferable to that pro- 
posed by Mr. Heppel. 

Mr. Rknnik concurred with Mr. Russell in his opinion of the proposed 
method of experimenting. No subject was more difficult than the resistance 
of fluids. It had occupied the attention of the most learned philosophers, 
yet nevertheless the present state of knowledge of the subject was still very 
imperfect. The true theory had never been discovered. Newton to whom, 
after Galileo, the credit of the first precise experiments was due, had also 
given the first of the two theories, of which the least imperfect supposed the 
body to be directly struck by each of the molecules in motion. The subse- 
quent experiments of Bernouilli, Euler, Robins, Borda, Bossut, De Buat, and 
others, had shown the imperfection of that theory. 

The experiments of the French Academy, and the labours of Bouguet, 
Clairbois, Duhamel, Don Juan, Chapman, Forfait, Attwood, Dupuis, Poisson, 
and others, 1 * * had shed considerable light on the subject, and on that of the 
stability of floating bodies; but no extended series of experiments was tried 
in this couutry, until the question was taken up by Colonel Beaufoy, who in 
1791 established a 44 Society for the Improvement of Naval Architecture,” 
under whose auspices he made, in the Greenland Dock, the elaborate experi- 
ments, the first portion of which had been so munificently presented to the 
scientific world by Mr. Henry Beaufoy. 8 The society however sunk for 
want of funds, and the experiments were eventually conducted and brought to 
a conclusion, entirely at the expense of Colonel Beaufoy. A short notice of 
them in Thomson’s <4 Annals of Philosophy” 8 induced the communication of 
the results of a similar series of experiments, made by Messrs. Lagerhjelm, 
Forselles, and Kallstenius for the Society of Ironmasters of Stockholm, at 
the Fahlun mine, between 1811 and 1815. Owing to the combined circum- 
stances of the Swedish language being but little cultivated in England, and a 
want of mathematical attainments in those who did understand the lan- 
guage, the Swedish experiments remained untranslated, until after Colonel 
Beaufoy ’s decease. Mr. Henry Beaufoy then committed the book to the 
Rev. Elijah Smith, of Sidney College, Cambridge, who learned Swedish and 
completed the translation, as also that of Lagerhjelm’s 44 Testamen Theorise 
Resistentiae Fluidorum constituent!®.” The results of these examinations 
occupied ten years in their reduction, and yet but few practical results had 
been obtained. The general deductions which appeared to be drawn were — 

1st. The confirmation of the theory, that the resistance of fluids to pass- 
ing bodies was as the squares of the velocities. 

2ndly. That, contrary to the received opinion, a cone would move through 
the water with much less resistance with its apex foremost, than with its 
base forward. 

3rdly. That the increasing the length of a solid, of almost any form, by 
the addition of a cylinder in the middle, diminished the resistance with which 
it moved, provided the weight in the water remained the same. 


l See Bonguet, Traitl des Navires ; Euler, SdenUse Navalis; Clalrbola, Architecture 

Navale; Duhamel, ditto, ditto; Don Juan, Examen Maritime; Chapman (Sweden), 

Naval Architecture; Forfait, Traitl sar la Mature dea Valaaeaus; Attwood, PhiloeophU 

calTranaactions; Dupuis, G&>m£trie Descriptive; Poisson. Tb£orle des Ondea; D’Alem- 

bert and Bossut, Recnerches pout ia bodete des Experiences en Architecture Navale ; 

Lagerbjeim and Kalistenlna, Experiments for the Swedish Society ; M area tier, Memoir® 
our lea Bateaux h Vapeur; Beaufoy, Nautical Experiments. 

a Btaufoy’s " Nautical Experiments.” Vol. L London, 1834. 

* Thomson’s 41 Annals of Philosophy.” 1814. 


4thly. That the greatest breadth of the moving body should be placed at 
the distance of two-fifths of the whole length, from the bow, when applied 
to the ordinary forms in naval architecture. 

5thly. That the bottom of a floating solid should be made triangular ; as 
in that case it would meet with the least resistance when moving in the 
direction of its longest axis, and with the greatest resistance when moving 
with its broadside foremost. 

Such was a short summary of the labours of Colonel Beaufoy, to whom 
the scientific world was deeply indebted. Mr. Rennie thought, however, 
that errors had been fallen into, by not sufficiently considering the question 
of the friction upon the sides of the various forms used in the experiments. 
They were moreover tried upon masses of too small dimensions. 

The papers on the same subject in the archives of the Institution of Civil 
Engineers, presented by Bidder, Carlsund, Telford, Palmer, and MacneiB, 
and those of Fairbairn and Colonel Page, 4 * * * treated of experiments upon 
larger vessels, and produced more practical results. 

The great difficulty of separating the resistance from the friction, arose 
out of the imperfect apparatus hitherto adopted. The balance of Coulombe, 
and the pendulum, had been tried with doubtful success. Profiting by the 
problem of the cylinder revolving in the vortex, in the Principia of Newton, 
Mr. Rennie undertook a series of experiments in the year 1830, which were 
published in the Transactions of the Royal Society, 44 On the Resistances of 
solid Bodies in Air and Water.” 8 The apparatus consisted of an upright 
spindle of wrought iron, made to slide up and down in a frame, so as to be 
plunged to any convenient depth in the water, or to revolve in air only, as 
required. 

The iron discs of square, circular, and triangular forms, as well as the cy- 
linders and globular bodies, all of the same areas, were moved through the 
same spaces, and with the same velocities, in air and in water ; the results 
were tabulated, and the conclusions arrived at were: — 

1st. That the friction and adhesion were not as the surfaces, with slow 
velocities ; being in the ratio of 1 to 3, and diminishing rapidly with the 
velocities, without observing any ratio. 

2ndly. That the resistance of fans and globes of equal areas in air, was as 
the squares of the velocities up to 8 miles per hour. 

3rdly. That the resistance of fans or discs with equal areas, was to globes 
as 2 to 1. 

4thly. That the resistance of fans or discs to globes of equal area in 
water, was to the globes as the squares of the velocities. 

5thly. That the mean resistance — 


Of Circular discs in water * 
„ Square discs in water - 
„ Wooden balls in water. 
Of Circular discs in air ' 
„ Square fans in air .. - 

„ Wooden balls in air.. 


were to each other as the numbers 21 to 3, 
16 to 2, and 4 to 2. 

were to each other as the numbers 25 to 18, 
22 to 1, and 10 to 2. 


Mr. Bidder doubted whether the question of resistance, or friction, could 
be fairly tested by a cylinder revolving in a fluid, inasmuch as a rotary mo- 
tion was imparted to a portion of the water, in the same direction as the 
revolution of the cylinder. 

The subject was one of great interest, and to which he had devoted much 
attention. Some years since he assisted Mr. Walker in a series of experi- 
ments in the East India Dock, and he came to the conclusion, that it was 
not possible to arrive at one law suitable for all cases. There were in reality 
three cases to be considered : — 

First. The resistance due to displacement. 

Secondly. The resistance due to non-pressure. 

Thirdly. The resistance due to friction. 

As regarded the first case ; the resistance due to displacement included 
that of the area of resistance of the water heaped up against the bows, 
which augmented as the velocity increased. In such case he found, that 
the increase of resistance was in a more rapid ratio than the square of the 
velocity. 

In the second case ; that of non-pressnre, occasioned by the filling up of 
the channel in the wake, vacated in the passage of the vessel through the 
water. In this case he found the resistance increased in a less ratio than 
the square of the velocity. In Mr. Walker’s experiments, boats were used 
with bluff prows and with acute prows ; it was found that at a slight immer- 
sion, and when drawn at a low velocity with the bluff prow foremost, there 
was the least resistance ; but that when deeply immersed, all other condi- 
tions remaining the same, there was the greatest amount of resistance. 

As to the third position. The formula of Du Buat with regard to friction 
was found applicable ; as there was no distinction whether the vessel was 
moving through the fluid, or whether the fluid was running over the bottom 
of a river. In this case the resistance due to friction was as the square of 
the velocity. 

Bossut tried a variety of experiments upon the angles of resistance, by 
attacking to a rectangular parallelogram various shaped prows, at angles 
varying from 168° to 12°, with the view of ascertaining the law of resistance 
due to the angle of the plane meeting the water; but he overlooked the con- 
stant deduction necessary for the non-pressure due to the rectangular form 
of the stern, which formed the largest portion of the resistance, and conse- 
quently invalidated the deductions from the experiments. 


4 “ Remarks on Canal Navigation.” By W. Fairbairn. 8vo. London, 1831. 
* Vide 44 PhlL, Trans.,” 1831, p.423. 
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The view Mr. Bidder took of the mode in which the subject should be 
considered, was not with reference to the reflection of the particles due to 
the angle of incidence, but with reference to the absolute velocity imparted 
to the particles of water the vessel would have to displace. For instance, if 
the angle of the vessel was such, that the sine was one-half the radius, then 
the velocity of the particles in contact would be reduced one-half, and the 
resistance would be reduced to one-fourth ; subject to the previous explana- 
tion of the heaping of the water against the bows. 

With reference to a plane disc dragged through a fluid ; it formed for 
itself a sort of natural prow of dead water, which was drawn forward with 
it; but the form of this prow varied with the velocity of the passing current, 
and hence the anomalies which had been observed in all experiments on the 
subject. 

He could not agree with the infallibility of the Pitot tube ; for he thought, 
that in proportion as the vertical tube was moved from the stem, an error 
roust arise from the lifting of the stem and the dropping of the stern as the 
velocity increased. 

Palmer’s experiments gave anomalous results. The resistances came out 
as the tubes rather than the squares of the velocities. This Mr. Bidder 
thought must be attributed, in a great degree, to the friction arising from 
the small area of the channel, as compared to the surface of the body of the 
boat, and that of the sheet of pent-up water between the flat bottom of the 
boat and the bottom of the shallow canal. 

In trying experiments upon large vessels, he conceived, that a tug boat 
could scarcely get up sufficient speed to obtain satisfactory results, and that 
it was necessary for the vessel to be floating in perfectly still water, in calm 
weather ; or else the circumstances being changed the results must be modi- 
fied accordingly. 

As regarded the resistance offered by the paddle floats, when they were 
dragged through the water, as alluded to by Mr. Heppel, when it was re- 
membered that the absolute velocity of the paddles impinging upon the 
water did not usually exceed 4 miles per hour, to propel a vessel at the rate 
of 12 to lb miles per hour, it would follow, that as soon as the engines were 
stopped, unless the paddles were disengaged simultaneously, they would be 
dragged through the water at the same velocity at which the vessel was 
proceeding. In that case, the resistance offered by the paddles, would be so 
enormously disproportionate to that offered by the body of the vessel, as to 
render the results entirely nugatory. 

Mr. Walkbr confirmed Mr. Bidder’s statement of the results of the ex- 
periments tried in the East India dock, which were communicated to the 
Royal Society in 1827. 7 The machinery employed for those experiments 
was very simple. It consisted of a crab- winch with a barrel 3 feet in diame- 
ter, and handles of a sufficient length for the necessary number of men to 
work at it. The line, of f inch diameter, w as attached at one end to the 
barrel, and at the other to a dynamometer in the bow of a boat, 18 ft. 6 in. 
long, by 6 feet broad, with a depth of immersion of 2 feet ; the greatest im- 
mersed cross section was 9 feet. The experiments were tried in the Import 
Dock, where there was a space of 1,410 feet in length, 560 feet in width, and 
24 feet in depth ; so that there was no resistance from the sides or bottom 
of the dock. The velocities were calculated from the time of passing through 
176 yards, or one-tenth of a mile; that length being marked off in the mid- 
dle of the distance traversed by the boat. The speed was attained by a given 
number of men working at the winch, and was regulated by the vibration of 
a pendulum. 

The results obtained were, that in almost every instance the resistance 
showed an increase, amounting to the square of the velocity for the distance 
traversed ; but where the velocity was considerable the resistance followed a 
still higher ratio. In a narrow channel the increase would have been con- 
siderably greater. The excess beyond the square, must, he conceived, be 
attributed, in a great degree, to the raising, or heaping, of the water against 
the bows at high velocities, and to the simultaneous depression of the stern. 

In these experiments the weight, or power, required, was of course, at 
least, in the ratio of the cube. For instance, if one man at the winch pro- 
duced a velocity »1, eight men were required to produce a velocity « 2 ; but 
as in the same time double the space waB passed over, the exertion of power 
over the same space was the half of 8, or 4 ; but the velocity being twice 
the former velocity, it required twice the power, or eight men while they 
were at work ; the distance was, however, traversed in half the time, so that 
the expense of power by doubling the velocity was only as 4 to 1. 

The results shown by dragging the bluff prow or the sharp prow foremost, 
at various velocities, showed clearly, that very different figures should be 
taken for vessels intended for carrying cargo, from those intended for great 
speed. 

Mr. Bidder said, that Mr. Barlow, in bis deductions from Mr. Palmer’s 
experiments, 8 stated, “ that in the case of loaded canal boats the resistance 
varied in a higher ratio, viz. : as the cube of the velocity very nearly, if not 
exactly,” and from the experiments be bad computed the power of traction 
on a canal, thus : — 

At 4 miles per hour 1 lb. would draw 200 lb. 

At 2 miles „ lib. „ 16001b. 

The rule adopted by some of the principal marine engine makers (as 


• Vide Minutes of Proceedings, 1642, vol. U. p. 102. 
f Vide Phil. Trans., 1828, vol. cxviil, p. 15. 
a Vide " Trans, lastit. C.E," voL i, p. 166. 


Messrs. Boulton, Watt, and Co.), 1 8 for ascertaining the sailing qualities of the 
vessel, viz. : multiplying the sectional area by the cube of the power, and 
dividing the product by the velocity, bad, he believed, been found a true 
test ; and if when the power in the same vessel had been increased, the 
quotient had been found uniform, which he had also reason to believe was 
the case, another proof was afforded of the correctness of the theory, of the 
resistance being as the square of the velocity. 

Mr. Spiller thought the results of Mr. Palmer’s experiments were to 
have been anticipated, from their being tried in a narrow and shallow chan- 
nel ; the progress of the boat was necessarily retarded by the friction of the 
water against the sides and the bottom, a mass of water was carried along 
with the boat, and not having space to expand, reacted against the boat, 
unduly increasing the resistance, particularly at high velocities, Under ordi- 
nary circumstances the resistance would be as the square of the velocity, and 
a vessel going at a given velocity required eight times the power. 

Mr. Scott Russell, thought the incongruities in the results of the ex- 
periments arose from want of due attention in noting all the circumstances 
attending them. The forms of the vessels were not particularly registered, 
nor were the various forms experimented upon, under similar circumstances. 
Now, as the law of resistance must vary with every difference of form, al- 
though a general rule might be given, it could not be relied upon in practice, 
and it became essential to analyse every experiment carefully before any de- 
duction was made. One point to be particularly noticed, was the resistance 
of different forms of the bows of vessels, and of the quarters, as the law 
would vary as they were changed. Any experiment made in a channel of 
contracted dimensions, perhaps only three or four times that of the area of 
the midship section, could not be trusted ; the law of resistance would vary 
with the form and dimensions of the channel, and great allowance roust be 
made for lateral friction. In short, as a practical man, and speaking upon 
the authority of nearly ten thousand experiments, made upon large vessels in 
open spaces, under every variety of circumstances, he must still think the 
mode of experimenting by the steam-tug that which was best calculated to 
furnish accurate results. 

Nor was he less wedded to the observations by Pitot’s tube, using it as an 
instrument for measuring velocity. He would of course have the zero point 
adjustable ; and its delicacy might be further tested by having another tube 
beside it; one of them indicating the immersion, and the other the velo- 
city. 

Mr. R. Stephenson said, the object appeared to be, to ascertain the law 
of resistance with respect to large vessels, as deductions from the experi- 
ments on small bodies did not seem to apply. He could scarcely agree in 
the propriety of relying upon the results obtained by dragging a vessel 
through the water by a steam- tug, which was only capable of obtaining low 
speeds. He thought that a steam vessel contained within itself the best 
mode of trying experiments, by means of the indicator attached to the en- 
gines. He was of opinion, that method would be found preferable to any 
other, if the vessel was tried at various rates of immersion, different speeds, 
and under circumstances that enabled deductions to be drawn. 

Mr. Bidder replied, that in practising such a mode of experimenting, it 
would be first necessary to ascertain with accuracy the slip of the paddles, 
and the allowance to be made for the angles of impact and the depth of im- 
mersion, all which difficult problems were as yet little treated of and but 
imperfectly understood. 

He was not satisfied with the accuracy of the Pitot tube, even as a mea- 
sure of velocity, as the statical pressure must be affected by the varying ve- 
locity, and false results would be indicated. 

Mr. Scott Russell said, it was true that if the tube and the funnel mouth 

a Extract from a letter from J. Brown, Esq., dated January 28th, 1833 

In the years 1818 and 1819, Mr. Watt made a series of experiments with his vessel, 
the * Caledonia,* to ascertain her velocity under different circumstances, and amongst the 
rest, the effect with one engine disengaged from the other. Each was nominally 14 h.p , 
and the operation of uncoupling one occupied about five minutes, so that the trials ia 
both instances were precisely under the same circumstances as to tide and wind. 

A measured mile In Long Beach was run with and against the tide six or eight times, 
and the average taken. 

In 1818, with paddle-wheels of 10 feet 6 inches diameter, the results of these experi- 


ments were as follow 

Miles. 

With both engines at work, eight experiments gave average . . 8 01 

With one engine ditto, eight experiments gave average .. 6*17 

In 1819 these were repeated with paddle-wheels 13 feet diameter : — 

Both engines working during eight experiments, gave an average of . . 8 83 

One engine „ eight ditto .. .. 664 

Again, both ditto „ eighteen ditto .. .. .. 8*29 

One ditto „ eighteen ditto . . . . . . 6 24 

Similar trials were made with the 'Magnet* in 1827. Two engines of 

60 h.p.— with Ml>s. 

Both engines at work during four experiments, the average speed was 9*72 
One engine ditto „ four ditto ... .. 7*42 


You will remark, that the velocity with one engine in all these experiments, is some- 
thing under what should arise, but Is accounted for from the circumstance, tl>at the 
number of strokes per minute, was reduced below the maximum, from the excess of 
load. 

The results are however sufficiently near to establish the fact, that ths power required 
is as the cube to the velocity, and according to this the * Caledonia’ experiments In 1818, 
with one engine, should have given 6*36 miles, Instead of 6*17 miles j and in 1819, 6*72 
miles, Instead of 6*64 miles ; and 6*58 miles, Instead of 6*24 miles. 

In none of these experiments was the indicator applied to the engines i the actual 
power exerted by each was, therefore, not ascertained, but the nominal power was taken. 

In those of the * Magnet* this instrument was used In the experiment quoted, and the 
actual power, when both engines were at work, was ascertained to be equal 227 b.p., 
giving 9*72 miles velocity; with one engine 103 h.p., 7*42 miles velociiy; which Is witlna 
the second place of decimals what it should be, say 7*47 miles. 
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were large and the orifice was near the surface of the water, the effect appre- 
hended by Mr. Bidder would be produced ; but with a small tube and a 
proportionate orifice, with a proper arrangement of the apparatus, having the 
orifice immersed from 10 feet to 15 feet beneath the surface, the statical 
pressure was so uniform at all velocities, that no sensible variation could be 
observed, and he must record his conviction, that if properly graduated, and 
conveniently arranged, no instrument he had hitherto seen possessed the 
same amount of advantages for trying experiments. 


ON REACTION WATER-WHEELS. 

Communicated to the Franklin Institute , United States , by Z. 
Parker, of Philadelphia . 

On the subject of Barkers wheel, which, with a few exceptions, 
appears to be the only reaction wheel noticed in the elementary 
books till recently, I nave seen no notice of any variation in the 
discharge, caused by variations in the velocity of the wheel ; from 
which I infer that the writers regarded them as uniform in their 
discharge under all velocities. In practice, however, it has been 
observed that, when the wheel runs without resistance to its free 
motion, the orifice moves with a velocity considerably greater than 
that due to a pressure of the head of water, and that the discharge 
is greater than the theoretic discharge. So far as I am informed, 
no experiments have been recorded, or rules given for determining 
the ratio of discharge under different velocities of such wheels. 

The following rule, I think, will be found to hold good for all 
wheels of the reaction kind which discharge the water at their 
verge, and into which it enters without circular motion, or in 
which a circular motion of the water is caused by the wheel itself 
— the supply being full : 

“ To the head of water actually pressing at the orifice, add such 
a head as will, by its pressure, produce a velocity equal to the cir- 
cular motion of the orifice; the velocity through the moving 
orifice will be the same that it would be if stationary, and under 
the pressure of the sum of the heads." For example : — 

Suppose such a wheel to have an issue of 36 square inches, under 
a head of 9 feet, and that the orifice move at the rate of 16 feet 
per second ; the discharge will be the same that it would be if the 
wheel were standing under a head of 13 feet. Consequently such 




a wheel would, by this theory, discharge, standing, 6 cubic feet 
per second, and running at that rate, 7*2 cubic feet. And if the 
orifices were suffered to move at the rate of 24 feet per second, the 


discharge would be the same as if standing under 18 feet head ; 
in which case, the discharge should be 8*48 cubic feet per second. 

It is obvious that, in applying this rule in practice, such deduc- 
tions must be made (as in other cases) as may be due to the form 
of the orifice, the angles in the passages, and the friction on sur- 
faces. 

The following experiments were made with a centre discharge 
reaction wheel of the form and proportions represented in the ac- 
companying sketch. The wheel was 34 inches in diameter at its 
outer verge ; the inner diameter of the annular rim 26 inches. It 
had 16 issues (8 by 1*8 in.) =230 square inches. It received the 
water at the verge, from an involute sluice embracing the whole 
circumference. The water was conducted to the involute through 
a large spout ; the discharge of which into the involute 24 in. 
wide by 14 inches deep, = 336 square inches. The terminus of 
the involute was within an inch of the verge of the wheel. The 
circular motion of the water caused by the involute coincided with 
the motion of the wheel. 
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The condition of the works at the time the experiments were 
made was favourable to the wheel. It had run about two months 
after being repaired and adjusted, and the proprietor (Mr. A. 
Atwood, of Troy, N.Y.,) stated that it was performing as well as 
it ever had. There was a fault, however, in the construction. The 
“spout” (so called) conducting the water from the flume had an 
elbow of nearly a right angle, first descending from the bottom of 
the flume and then passing horizontally to the involute ; the seo- 
tion at the commencement of the horizontal portion being about 
16 by 36=576 square inches. The opening into the “spout” 
from the bottom of the flume was about SO inches square, with 
sharp angles. All things considered, I am of the opinion that this 
method of employing the “pressure” of water, with a good struo- 
ture. in good condition, is capable of giving about 62 per cent, of 
available power. 

A remarkable feature of inward-discharging reaction wheels is 
found in the smallness of their discharge, and its tendency to 
uniformity under all velocities of the wheel, obviously arising in 
this application, from the outward pressure of the circular motion 
of the water in the involute sluice and wheel. 

The theoretic discharge of 230 square inches, under a pressure 
of 8*61 feet, is 2,249 cubic feet per minute. The actual discharge 
is only *498 of this. Had the discharge been outward, through the 
same aggregate aperture, and with the same circular motion of 
water, in the portion of tne wheel occupied by the vanes, the dis- 
charge (judging from the results of my experiments made in 1844), 
would have been *884 of theoretic discharge ; and had it been out- 
ward, and without circular motion, it would have been about 1*289, 
at the speed of maximum power. 


ON THE VELOCITY OF ATMOSPHERIC JETS. 

The following table ( communicated by Z. Parker to the Frank- 
lin Journal) of the velocity of atmospheric jets, under the given 
pressures, may be useful. 

The table is constructed under the assumption that all fluids ac- 
quire equal velocities under the pressure of equal heights, without 
regard to their specific gravities ; allowing the superincumbent 
column to be homogeneous with that portion at the jet. The 
formula is V = \/ 64 h ; and for a pressure of 15 lb. per square 
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inch, 27,600 feet of homogeneous atmosphere* The height 
for other pressures in proportion. 
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REOX8TER OF NEW PATENTS. 

SACK HOLDER. 

Henry Gilbert, of St. Leonard's-on-Sea, surgeon, for u Im- 
provements in apparatus far holding sacks to facilitate the filling of 
them with corn or other materials. — Granted May 27 ; Enrolled 
November 27, 1847. 

Heretofore when filling sacks it has been usual for one person to 
hold up the sack whilst the other fills the same. In other cases 
the sack has been hung from hooks or instruments from a wall or 
post or some other 'permanent structure. The object of this in- 
vention is so to arrange apparatus that it may be carried about 
with facility, and stand in a field or other place, and uphold a 
sack in an open state so that the sack may be filled with facility ; 
the invention simply requiring such an arrangement of parts that 
it may be independent of a fixed or permanent structure, and be 
capable of being moved from place to place, and yet uphold an 
empty sack in an open state and allow of a person readily fill- 
ing the same. The annexed engraving shows a side and back 
view of the apparatus, a is the main frame, having two legs a 



The sides a are combined together by the bars 6, which are bent to 
receive the sack as it rests against it ; c is a diagonal frame which 
turns on axes, and d are two studs or projections fixed to the side 
rails of the frame, by which the legs or feet can be caused to stand 
a greater or less distance apart, there being notches in the pro- 
jector to receive the studs or projections. At the upper part of 
the apparatus is fixed an elliptical frame f through which the 
mouth of the sack is to be drawn. The upper part of the sack is 
to be folded over the bars f and the clamping-bars brought down, 
which will clamp the upper parts of the sack securely between the 
parts ff and g g , by winch means the sack will be held open at the 
mouth and supported or suspended from the frame/, and the appa- 
ratus may be placed in the position shown in the side view. 


STEAM-ENGINES. 

W iLLiAM Bacon and Thomas Dixon, of Bury, Lancaster, 
engineers, for “ certain Improvements in steam-engines." — Granted 
August 19, 1847 ; Enrolled February 19, 1848. [Reported in the 
Patent Journal .] 

The invention of improvements specified and enrolled under 
this title applies generally to that class of steam-engines usually 
termed Woolf's engine, or the compound-cylinder engine; that is, 
an engine having two cylinders, where the steam is admitted into 
one cylinder, at a high pressure, where having actuated the piston 
of that cylinder, it is admitted thence to the larger cylinder, 
where it again produces a motive power, and usually subject to 
condensation. In one case also, herein specified, it is applicable 
to single-cylinder engines. The patentee states that in the ordi- 
nary arrangement of compound-cylinder engines, the area or 
content of the passages from the expansive valve for the high- 
pressure cylinder to the inside of the low-pressure cylinder are 
such as to form a large proportion to the cubical content of the 
high-pressure cylinder ; and that this content or space is filled, at 
the conclusion of each stroke of the engine, whether it be the 
upward or downward stroke of the low-pressure piston, with steam 
of a similar density as that produced by its admission into the low- 
pressure cylinder, which in many cases is five or six pounds, or 
even more, below the pressure of the surrounding atmosphere. 
When the return-stroke of the piston takes place, the steam ad- 
mitted to effect the preceding stroke of the high-pressure piston 
is passed into the passage or space before-mentioned, thence to the 
low-pressure cylinder, where it joins with the before-mentioned 
rarified steam, and therefore the steam in, or escaping from, the 
high-pressure cylinder, is considerably reduced in pressure, with- 
out producing a corresponding amount of force on the piston. 
The principal object of these improvements is to obviate in a great 
measure the before-mentioned deterioration of the steam in its 
passage from one cylinder to the other, and also to simplify the 
construction and at the same time to obtain an increased amount 
of duty from the steam in compound-cylinder engines. To attain 
the advantageous results just enumerated, the patentees construct 
their improved engine so that by a peculiar arrangement of the 
passages, valves, and openings, the exhaust ing-valves for the high- 
pressure cylinder, or admission-valves for the low-pressure cylinder, 
are placed as nearly as possible to the ports or entrances to the 
low-pressure cylinder. On account of this arrangement of the 
passages between the steam-valves for either of the ports of the 
low-pressure cylinder, and the opposite end of the high-pressure 
cylinder, these passages are constantly filled with steam of the 
same density as that in the high-pressure cylinder ; therefore, the 
content of the passage from the valve to the entrance of the low- 
pressure cylinder is the additional extent of the space the steam 
admitted to the high-pressure cylinder will have to occupy, and the 
steam always be in reserve for the commencement of the stroke of 
the low-pressure piston ; consequently the pressure of the steam 
will be reduced but to a very trifling degree ; and, therefore, they 
argue that a more perfect expansion of the steam in the low- 
pressure cylinder is obtained, which is attended with a corresponding 
additional result in the motive-power. These improvements con- 
sist : — First, in so arranging the valves, passages, and openings, 
that one valve-box, one double hollow valve (or two sliding-valves 
of the common construction) are adapted to serve for both the 
high and the low-pressure cylinders. The same passage in the 
valve which admits steam to the top of the low-pressure cylinder 
from the bottom of the high-pressure cylinder, in a downward 
stroke of the pistons, also forms the passage from the top of the 
low-pressure cylinder Jto the condenser, in the upward stroke of 
the pistons ; and the same passages m the valve which admit the 
steam to the bottom of the low-pressnre cylinder from the top of 
the high-pressure cylinder, in the upward stroke of the pistons, 
also forms the passage from the bottom of the low-pressure 
cylinder to the condenser, in the downward stroke of the pistons. 
The same part of the valve which admits the steam to the low- 
pressure cylinder forms the exhausting-valve for the opposite end 
of the high-pressure cylinder. Secondly, these improvements con- 
sist in using separate plate or other valves for the admission of 
the steam to the high-pressure cylinder, and using these valves as 
expansion-valves with which to cut off the steam from the high- 
pressure cylinder, and so arranging them that the amount of ex- 
pansion may be varied to any required extent in the high-pressure 
cylinder without interfering with the ingress or egress of steam to 
or from the low-pressure cylinder. ThircUy, these improvements 
consist in arranging conical-valves, Cornish, or other description 
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of disc- valves for compound-cylinder engines, so as to effect the 
same result as by the slide-valves above-mentioned, and in arrang- 
ing each valve to be raised by a separate tappet (or by other me- 
chanical means), so that any one valve can be closed without inter- 
fering with any of the others; by reason of which arrangement 
any amount oi expansion or compression of steam in either the 



high or low-pressure cylinder can be effected. Fig. 1 represents a 
vertical section of a low-pressure cylinder, together with the 
steam-passages, so arranged that by one valve-box, six openings, 
and two common, single, hollow sliding-valves, they are adapted 
to serve both the high and low-pressure steam-cylinders ; and 
tig. 2 is a transverse vertical section of the passages through the 
line 1, 2, showing also the position of the cylinders, a indicates 
the admission and exit openings for the top of the high-pressure 
cylinder ; and a 1 the opening for similar purposes to the bottom 
of the high-pressure cylinder; and ft, and A 1 , the ports for the 
admission and escape of steam to or from the top and bottom of 
the low-pressure cylinder; c, and c‘, the passages to the con- 
denser ; d, and d l , steam-passages to the high-pressure cylin- 
der; e, and c”, the hollow sliding-valves ; and/, and/ 1 , the lap 
or covering for the condenser-ports c, and c‘. The action of this 
arrangement is as follows : — Steam being admitted from the boiler 
to the valve-box a, enters at d (when the valves are in the posi- 
tion shown), and passes thence by the passage g y to the top of the 
high-pressure cylinder 6, where, having performed the downward 
stroke of the engine, the position of the valves A, A *, will be re- 
versed, and the steam will return by the passage g ; and the open- 
ing d (as well as the port e 1 ), being now covered by the valve 
A 1 , the steam will be conducted thereby below the piston of the 
low-pressure cylinder c, and, on a subsequent stroke taking place, 
it will escape through the valve A 1 , to the port /*, and thence by 
a suitable passage to the condenser. For the upward stroke of the 
engine, the port d 1 will be uncovered by the valve A, and steam 
will enter, passing by the passage $r l , to the bottom of the high- 
pressure cylinder, and by the change in the valves it will escape 
from thence by the passage^ 1 , through the valve A, into the top 
of the low-pressure cylinder c, where, having performed its office, 
it is exhausted by the condenser through the passage f which, in 
its turn, will be covered by the valve A. The ports/ and /*, are 
always covered either by the valves A, and A 1 , or t>y their pro- 
jecting-pieces t, and »*. Fig. 3 represents a vertical section of a 
valve-case, together with the requisite passages, by which arrange- 
ment one valve-casing, live openings, and one double hollow slide 
are made to serve for two high-pressure cylinders and one low- 
pressure cylinder, these being arranged, in the drawings, one on 
either side of the low-pressure cylinder, to which the slide-case 
gnd slides are attached ; the different valves, openings, and pas- 


sages are lettered severally, as in the last figures, and to which 
the description thereof will be equally applicable, as the steam is 

conducted precisely in the same man- 
ner as in tnat case. Fig. 4 is a ver- 
tical section of a low-pressure steam- 
cylinder, with its valves and openings 
so arranged that by one valve-box, 
eight openings, two plate expansion- 
valves, and two common, single, 
hollow slide-valves are adapted to 
serve one high-pressure steam-cy- 
linder, and one low-pressure steam - 
cylinder. Fig. 5, a section through 
the line 3, 4, showing the arrangement 
of the passages, with the relative 
position of the two cylinders. A, 
represents the valve-case ; B, the 
high-pressure cylinder ; C, the low- 
pressure cylinder ; a is the opening 
m the valve-face, which is connected 
with the top of the high-pressure cy- 
linder by the passage A, which passage 
also serves to convey the steam from 
the top of the high-pressure cylinder 
B, to the bottom of the low-pressure 
Fig. x cylinder C. a x is the opening in 

the valve-face for the admission of steam to the bottom of the 
cylinder B, the passage A ! communicating thereto; this passage 




Fig. 4. F*g. 5. 

serves as a communication between the bottom of the high- 
pressure cylinder B, and the top of the low-pressure cylinder 
C. These openings o, and a 1 , are covered alternately by two ex- 
pansive plate-valves c, and c l ; which valves are furnished with 
suitable apparatus for varying the amount of expansion, and are 
placed on the same rod as the valves d, and d l , which are for the 
purpose of controlling the direction of the steam in its entrance 
and exit to and from the low-pressure cylinder C. e, ande 1 , are 
the steam-passages to the cylinder C, and /, and f 1 * the openings 
in the valve-face k> the condenser ; ^r, and g x , are tne openings in 
the valve-face to the steam -passages A, and A 1 ; and A, and A 1 , the 
laps of the slides d, and d 1 , for the purpose of covering the 
openings /,£, g', and /*. Steam being admitted to the valve- 
jacket from the boiler, at a high-pressure, it enters at a, to the 
passage A, which is filled as far as g x ; that opening being covered 
py the lap of the valve d l , it is conducted thereby to the top of 
tne high-pressure cylinder B, where, having performed the down- 
stroke of the piston, the position of the valves will become changed, 
the steam in the top of the cylinder B, will escape by the passage 
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^ through the opening g l in the valve- face, which will now be 
covered hy the valve d‘, and by it directed through the passage e 1 
into the bottom of the low-pressure cylinder ; the opening a, to 
the passage 6, during this part of the stroke, being covered by the 
expansion-valve c. During the upward stroke of the pistons the 
high-pressure steam in the valve-case will pass in at the opening 
a 1 , thence by the passage b' to the bottom of the high-pressure 
cylinder, the opening g to this passage being now covered by the 
lap of the valve d ; but the valves being again changed, the steam 
will rush from the bottom of the cylinder B, through the passage 
ft 1 , where it passes through the opening gr in the valve-face, and 
is directed hy the valve d into the top of the cylinder C, by the 
passage ; when the down-stroke takes place, during this part of 
its course through the passage b *, the opening a 1 is covered by 
the expansive-valve c l , preventing any admission of steam from 
the valve-case. The steam from the top and bottom of the low- 
pressure cylinder is exhausted by the condenser through the pas- 
sages/ and/*, which communicate alternately therewith by the 
change in the valves, d, and d l ; when the opening is covered by the 
valve d and the steam directed thereby to the condenser, the open- 
ing/ 1 is covered by the lap h x of the valve d, and when the opening 
f 1 is covered by the valve d*,/is in its turn covered by the lap 
h of the valve d. 

The object aimed at in these improvements, besides the simplicity 
of construction, are, that a more effective pressure is obtained 
from the admission of the steam immediate on the opening of the 
steam-valves to the low-pressure cylinder, and, consequently, a 
more effective result is obtained. Drawings are represented in the 
specification, showing the application of Cornish or disc-valves 
adapted to effect the admission of steam to the low-pressure 
cylinder in a similar manner, and so as to obtain a similar bene- 
ficial result, as with the slide-valves already described ; but, from 
the simplicity of the principle of the invention, it will be unne- 
cessary to give any description. In combination with these fore- 
going improvements, they also specify an improved apparatus for 
what is techically termed “blowing through” when an engine is to 
be started, the improvements being for the purpose of preventing 
the engine starting in the wrong direction. The improvement 
consists in arranging two passages from the blow-through valve 
to the low-pressure cylinder, one of these passages being con- 
nected from the blow-through valve to the top of the low-pressure 
cylinder, and the other passage from the blow-through valve to the 
bottom of the low-pressure cylinder— the openings into these pas- 
sages beinp so regulated by a three-way cock or valve, that when 
the operation of blowing through is performed, the steam enters 
simultaneously on each side of the piston in the low-pressure 
cylinder ; and that when the said valve is closed, any communica- 
tion between the passages will be entirely prevented. Having 
described the nature of their invention, and m what manner the 
same may be carried into practical effect, they remark that they 
do not claim the application of one valve-box to high and low- 
pressure cylinders, but what they claim as their invention is 
First, the peculiar arrangement of the valves and openings as they 
are represented in the cuts and hereinbefore described in detail • 
that is to say, the adaptation and application of a reduced number 
of valves, of the ordinary construction, to effect the necessary 
communications between the steam-chest, cylinders, and condenser; 
and the arrangement of ports or openings, whereby the steam is 
reduced as little as possible in passing from the high-pressure 
<ylinder to the low-pressure cylinder. Secondly, they claim the 
application of two high-pressure steam-cylinders to one low-pressure 
ateam-cylinder, and in so arranging the ports or passages that the 
same number of valve-boxes and openings which serve for one 
high-pressure and one low-pressure steara-cylinder, will also be 
sufficient for two or more high-pressure cylinders and one low- 
pressure cylinder. They desire it to be understood that they do 
not confine themselves, in the application of the improvements, 
exclusively to compound-cylinder engines with condensation, but 
also claim the application of their improvements to compound- 
cylinder engines without condensation, passing the steam from 
the second or low-pressure cylinder into tne atmosphere instead of 
into the condenser. Thirdly, they claim the application of their 
improvements in the methods of blowing through for the purpose 
of starting engines, as applicable to every description of double- 
acting condensing engines, whether with compound cylinders or a 
single-cylinder engine. They also claim any combination of the 
improvements herein specified, whereby similar objects may be ac- 
complished. 


CONSUMING SMOKE. 

William Edward Kyan, of Westbourne-park-villas, Padding- 
ton, clerk, for “ Improvements in consuming the smoke and economis- 
ing the fuel of steam-engines , breweries , and manufactories generally /’ 
—Granted July 25 , 1847 ; Enrolled January 25 , 1848 . 

This invention consists of a combination of mechanical means, 
to be applied to the furnaces, ash-pits, flues, fire-doors, door-frames, 
ahd chimneys of steam-engines, boilers, coppers, stills, and pans 
generally, for consuming the smoke and gas and lessening the 
expense of fuel. 

First, to regulate the draught of the chimneys, whatever may be 
their altitude, so that their area of cubical capacity shall not ex- 
ceed the conjoint areas of the furnace, — the space above the bridge 
and the fire-flue under the boiler, &c. Secondly, by adjusting the 
admission of atmospheric air, at given points, to afford the precise 
proportion of air needful to effect the perfect combustion of fuel, 
and its products of gas and smoke. 

Fig. 1 is a longitudinal vertical section 







i 


of a steam-boiler of cylindrical form, with 
its furnace, a, the furnace-doors; />, the 
plate ; c, the fire-bars ; d, the bridge ; 
e, the air-flue ; f the fire-flue under the 
boiler ; g , the lateral or side fire-flues. 

Fig. 2 is an enlarged view of the fur- 
nace-doors, which are in two heights ; 
the upper one has ventilators with 
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regulating slides to admit the air over the fuel (without lessening 

the temperature of the furnace 
which partly opening the door occa- 
sions), ana is opened to supply 
fuel ; and when that is done, it is 
closed, and the lower (plain) door 
is then opened to arrange the posi- 
tion of the fuel on the bars, e is 
the air-flue with ventilator to regu- 
late the air admitted, fi, A, are the 
ash-pit doors with their ventilators, 
by which the needful quantity of 
air is allowed to enter. There is a 
second air-flue marked /r, which 
enters the side flue into which the 
blaze first passes from the boiler, and this has likewise a ventilator 
marked /. 

In addition to the horizontal damper in the machinery to con- 
tract and regulate the draught, there is also a vertical damper 
fixed on one side of the chimney with a counterpoise weight, which 
damper is raised as occasion may require, to supply a volume of 
air to the chimney, and thereby lessen or stop the draught through 
the furnace at the time when fuel is supplied and arranged on the 
bars. 

The air is to be admitted gradually as required. Thus — by the 
admission of a moderate quantity through the ventilators of the 
ash-pit doors, the fuel is ignited— by the supply of air through the 
ventilating holes regulated by slides in the door-frame, above the 
doors, or in the upper door (as the case may be), combustion is af- 
forded to the gas and smoke while arising in tne body of the fur- 
nace, by the air supplied from the ventilator in the air-tube or flue 
which communicates to the back of the bridge, any gas and smoke 
which escapes from the furnace to the fide under the boiler, is 
ignited. And again, by the ventilator in the second air-flue, 
marked /r, entering the side flue at the end of the boiler, near the 
chimney, still further ignition is attained, and the full completion 
of the combustion is thus secured by the conjoint action of the 
whole of these arrangements, which could not be effected by the 
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admission of a large volume of air with undue force at any of 
these given points above enumerated. 

These arrangements are also applicable to boilers of marine 
steam-engines. Thus, where the boilers are set in brickwork, 
with flues or fire-bed passing under the boiler, and side flues sur- 
rounding the boiler, like those of stationary land-engines, the 
same method of applying the arrangements as before described 
will answer the purpose, and where the furnace and ash-pit are 
within the boiler, the ventilators are to be applied to the 
ash-pit doors, to the furnace door-frame and upper door, and to a 
metallic pipe to convey air to the back of the bridge, and should 
there be a slide-flue, one also to that ; the regulating damper to 
the chimney and a vertical damper enclosed for safety in a case 
open at the bottom to admit air. 

As some of the arrangements herein described are old, or have 
been in use, such as the horizontal damper, the divided furnace- 
door, with apertures therein, and the admission of air at the back 
of the bridge, the patentee does not claim any one of these sepa- 
rately, but claims their application combined with the following im- 
provements (that is to say) the vertical damper marked m, the open- 
ings in the door-frame, and slides to cover them occasionally, the 
side air-flue, and ventilator k, and that marked <?, the ventilators in 
the ash-pit doors, and the tube for conveying the air to the back of 
the bridge, marked e, in the manner set forth, to produce, by their 
regulated and united action, the effect , of more complete combus- 
tion, by igniting the gas and smoke, and thereby saving fuel to a 
considerable extent. 


CONDENSER FOR STEAM-ENGINES. 

Christian Schiele, of Manchester, mechanician, for M Improve- 
ments in machinery or apparatus for condensing steam " — Granted 
May 27 ; Enrolled November 27. 1847. 

The new condenser consists of a 
cylinder A, one end of which is di- 
vided off, forming a separate cham- 
ber B ; the two chambers are con- 
nected by a valve h , in the partition n, 
and a tube e, leads from near the 
bottom of the small chamber into the 
large one, proceeding along the upper 
part of the cylinder, and having its 
lower surface pierced with holes. 
The cylinder contains water, and on 
steam being admitted from the engine, 
through tne pipe e, into the large 
chamber A, it forces the water 
through the valve h in the partition into the small chamber ; but as 
soon as the steam begins to condense, and the pressure on the sur- 
face of the water is released, the compressed air in the small 
chamber forces the water up the connecting-tube e, and which, flow- 
ing along, passes through the orifices/ in a shower, and completes 
the condensation, k is an elbow-pipe, in connection with the 
force-pump of the boiler, to carry off the condensed fluid ; it is 
provided with a vertical tubular slide /, to be raised to any suitable 
elevation by a rod m, to regulate the level of the condensed fluid, 
and steam space c. g is a valve on the upper part of the chamber, 




chamber B, and is intended to furnish a fresh supply of water 
from an elevated cistern, in order to compensate for the fluid lost 
by leakage. 


GAS BURNERS. 

John Hunt, of Birmingham, brass- founder, for “ Improvements 
in the combustion of gas , oil, camphine , and other substances which ar e 
or may be burned for the production of light " — Granted July 3, 1847 ; 
Enrolled January 3, 1848. 

This invention relates to the application of caps or discs, made 
of perforated metal or wire gauze, to the tops of the chimneys or 
glasses of gas, oil, or other lamps, as shown at fig. 1. 

The second part of the invention relates to the manufactuer of 
argand burners and the chimney-holder* 
attached thereto. Fig. 2 is a vertical 
section of a burner and chimney-holder. 
In the ordinary method of making them, 
the several pieces are joined by solder- 
ing at the parts marked a, a ; but the 
patentee proposes to cast in one piece 
either the outer cylinder 6, and the bot- 
tom c, and rim d, of the glass-holder, or 
the inner cylinder e, and the bottom and 
rim of the glass-holder ; or, instead of 
casting, it can be made the same by stamp- 
ing from sheet-metal. The completion 
of the burner bv the addition of the 
inner or outer cylinder, as the case may 
be, is effected by the ordinary process of 
soldering. 


Fig. l. 
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Fig. 2. 


RAILWAY BREAK. 

Frederick Chaplin, of Bishops Stortford, Hertfordshire, tan- 
ner, for “ Improvements in wheels of railway carriages ." — Granted 
June 29; Enrolled December 29, 18 47. 

The improvements consist in applying to the tyres of railway 
wheels belts of hide, skin, or leather, in such a manner that they 
will come in contact with the rails on which the wheels travel, 
whereby the driving-wheels of a locomotive engine will be enabled 
to take a firmer hold of the rail, and the wheels of the railway 
carriages will travel more slowly and with less noise. 

Railway Wheels. — Patented June 28, 1847, by W. E. Newton, 
of Chancery-lane, consisting of a peculiar method of casting the 
iron wheels for locomotive engines and railway carriages, the 
object being to cool uniformly ail parts of the casting at the same 
time, and thereby preventing fractures from irregular shrinking. 
From the time when wheels with a chilled hub and flange were first 
brought into use, the difficulty of casting them has been known, 
for the chill sets and cools the metal of the rim before the spokes 
or parts connecting it with the hub, and these, in cooling, shrink, 
and either break, or become so weak as to break on the least 
strain. To obviate this, the hub was for a long time made in sec- 
tions, to enable it to open and yield to the contraction of the 
spokes, but this was attended with a diminution of strength, and 
the necessity of putting on wrought-iron hoops or bands. The 
patentee avoids these objections, which is effected by casting the 
whole wheel in a chill, and cooling all the parts at the same time, 
and without undue strain on any part. For casting a wheel of 
this kind a circular metal mould is to be constructed in several 
pieces, as shown in the annexed engraving, w'hich, when put toge- 



opening outwards to allow of the escape, at certain periods of the 
operation, of any steam or air contained in the chamber, p is a 
glass gauge-ball, in communication with the chamber B, by means 
of a small pipe, which depends from the top of that chamber to 
about one-nfth of its depth. This ball p is intended to show the 
diminution of the air in the chamber B, by the rise of the fluid 
into it. r is a small pipe with a stop-cock, for supplying air to the 
chamber when required. A third pipe q is connected with the 


ther, will leave an internal recess, or chamber, to receive the 
molten metal, corresponding to the figure of the intended wheel 
when complete. A quantity of molten metal being poured into 
the mould, the cast wheel will be produced, the inner faqe, flange, 
and outer periphery of the felloe being chilled and hardened by 
the cold metal surfaces, against which the molten iron has come in 
contact, and by which means all parts of the casting, as it cools, 
will shrink uniformly, and have no tendency to strain and crack, 
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or separate one portion from another, a is the circular metal 
plate, and b a metal ring, accurately fitted together ; c, a conical 
metal plug forming a core, with a feather d affixed, to form the re- 
cess for the key to fasten the wheel to the axle. 


Silvering Speculums.— Patented August 3, 1 847, by T. Fletcheb, 
of Birmingham. It consists in coating glass, after it is silvered witli 
metal, by the electrotype process, whereby the quicksilver is pro- 
tected from injury, and a stronger power of reflecting light given to 
the speculum. The silvered glass plate is lightly and carefully 
coated on the back, or silvered side, with a varnish composed of two 
ounces of shellac, half a pint of highly-rectified spirits of wine, and 
half an ounce of the best lamp-black ; this varnish protects the quick- 
silver from damp, and from the acid used in the subsequent process. 
Before the varnish is quite hard, shake over it from a muslin bag, 
finely-pulverised plumbago, black oxide of manganese, or any other 
metallic powder, or cover it with thin metal, so that the whole surface 
will be covered with a perfect but thin coat of metal ; after which 
it is submitted to the electrotyping process, and by this means a 
thin coating of copper, or other metal, will be precipitated over 
the entire back of the plate. 


Direct Application op Steam-Poweb to Mills. — Patented 
July 29, 1847, by J. Hastie, of Greenock. It consists in the 
application of direct action of steam-power to turn mills, by 
making the axis of the crank of the engine serve also for the axis 
of the mill — whether the same be vertical or horizontal. The 
shaft is provided with a fly-wheel, which receives an endless belt 
for driving flour-dressing machines, and on the shaft there is an 
eccentric for communicating motion to the slide valves. When 
two pairs of mill-stones are required to be worked by the same 
engine, it may be effected by causing the piston-rod to pass through 
both ends of the cylinder, and connecting it at each end with the 
shafts of the upper mill-stones ; and, in case it should be at any 
time desirable to work only one of the upper stones, the other may 
be disconnected. 

WALLER'S PATENT COFFEE-POT. 

This invention consists of a vessel divided into two equal parts 
by a dished partition A, with the centre depressed and pierced by a 
hole ; around the edge is attached a bent tube connected with a 
cock B, forming a passage through the strainer C, from the upper 
to the lower half of the vessel ; the strainer is finely perforated 



metal. Ascending from within a short space of the bottom of the 
lower chamber to within nearly the top of the upper one, is a 
tube E, passing through the centre of the partition and perforated 
plate, and which tube is surmounted by a valve D. F is an ordi- 
nary spout communicating only with the lower division, and fitted 
with a ground stopper. 

The mode of using the apparatus is this : the stopper being re- 
moved from the spout, the water is poured into the upper half of 


the vessel, the tap is then turned downwards to allow the water 
to run into the lower half ; when it has done running, the ground 
coffee is put into the top division, the tap again turned horizontally, 
the stopper re-inserted, and the vessel placed on the fire. When 
the rattling of the valve, and escape of steam from under the lid 
have continued a few seconds, the coffee-pot is to be taken quite 
away from the fire and allowed to stand about two or three 
minutes ; the tap is then turned downwards, when the infusion 
wlII rapidly Alter into the lower division, and be ready for use 
in a beautifully bright and boiling condition. 

The pnncipk °f this apparatus will be readily perceived. 
When it is placed on the fire, the water in the lower division is 
forced by the pressure of steam up the central tube, lifting the 
valve, and made to fall in a uniform stream, at a gradually in - 
ceasing temperature, upon the coffee ; as soon as all the water above 
the inferior orifice of tbe central tube has been forced up, then 
only steam arises ; when the vessel is removed from the fire the 
valve falls into its seat, and prevents the re-entrance of air into the 
lower chamber, after its total expulsion thence by the steam : 

urmg the period of infusion, the steam in the lower chamber is 
a lowed to condense, and thus a partial vacuum is produced, and 
preserved for any period, and rendered available for effecting rapid 
filtration whenever desired, by the employment of the tap. 

Prom experience we can state that this little apparatus is one of 
domestic articles that can be had. It produces the 
most brilhant and fragrant coffee in three or four minutes. We 
s ould observe that during the process the vessel is quite closed ; 
consequently, not the slightest quantity of the aroma of the coffee 
is dissipated. 


ON THE FLOW OF WATER. 

Of the Union and Division of Running Waters , with the Laws of 
their Increase and Diminution . By Bernardino Zendrini, della 
Citta de Ravenna.— (Translated by E. Cbesy, Esq., in his Evi- 
dence before the Metropolitan Sanitary Commissioners). 

I. A river which unites with another does not cause this latter 
to rise in proportion to the quantity of water which it brings, as 
would be the case supposing water to be considered as a solid, hut 
only increases the height by as much as the greater or less velocity 
of the influent or recipient may permit. On the contrary, if a 
river in the middle of a canal be diminished by a certain quantity 
of water, it ought to be lowered proportionally to the velocity of 
the canal of derivation and the river from which the water is ab- 
stracted, and such an alteration ought to be perceived not only at 
the lower part at the point where the water is added or subtracted, 
but also in the upper. In which law however, there is much ob- 
scurity ; what appears certain is, that both in the case of the union 
and of the separation that the surface continually adapts itself to 
the alteration in a regular progression, and although the impres- 
sion arising from such an anomaly does not disturb the whole level 
of the river if it runs over a long course, it reduces the problem 
to find the point w'here the disturbed mixes and unites with the 
undisturbed surface after following the oscillation of the water, 
which point in geometric rigour ought to traverse the whole length 
to the source of the river, since it would describe a regular curve ; 
but the course of the water encounters so many impediments and 
obstructions, that these laws do not really obtain. And in every 
river there is, in fact, a point beyond which the regurgitation does 
not take place. That, however, as much as possible, we shall treat, 
of in another chapter, when speaking of the falls of rivers, of 
their highest rise and lowest levels. 

For the present it will he sufficient to seek the elevation or de- 
pression which will be produced in a river by the addition or sub- 
traction of a quantity of water. 

. J 1 ’ Suppose A B to be the height of a recipient previous to the 
mflux of another stream, let L M be its width in a given section, 
FG the height of the influent before the union, HI its width. 
Supposing this latter introduced into the recipient, it ought to 
experience a certain rise. What will that rise be ? Since the ad- 
ditional water ought to conform to the width of the section of the 
recipient, conceive the height F G of the influent altered to that 
of the recipient A E, then the water of the one will have passed 
into the other, and since this fresh water presses upon the other, 
that of the recipient will be obliged to lower its surface, and from 
the point A will be brought down to C ; likew ise the point E will 

E ass to D and E D = A C. and consequently B D will be the entire 
eight of the recipient alter the addition of the influent w’ater. 
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Calling AB = d. AE = *=CD. BD = z. FG = 6. HI = 
a. LM=c. The velocity of the recipient before receiving the 
influent u. Its velocity after having received it, but before it 
could exercise any pressure and reduce it to equilibrium ; that is 
the same which it would have if the water of the influent ran in 
the width of the recipient = f, the velocity which the recipient 
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by the equation d P * M = 5* y pm 
Take B A =a b — j — , and from 
the point B describe another curve, 

which has for its equation = 

n +p-m p 

(» + T ' ) >“*• 


we 


has after the union and after the waters have equilibrated in 
their course = 7, and the velocity which the influent had in its 
own level before the union = r. Then since the two masses of 
water of the influent and recipient in a given and equal time can 
pass separately in the level of the recipient, they ought to be able 
to pass together through the aforesaid recipient. Hence the 

equation du + tx=qz and z — first general formula ; 

now since equal masses of water pass in equal times both through 
the influent separately and through the aforesaid influent when re- 
duced to the width of the recipient, we shall have ctx=.abr y 

whence x= and z = ~ — g - r . the second general formula 

ct cq 0 

expressing the whole height BD; wherefore AD, which is the 
whole increment produced by the influent above the first state of 

the recipient will be C ^ U ~ 0 — 

cq 

III. Corollary 1, — If the velocity be a mean proportional to the 

height, we shall have AD— X ~~ — ~ * = z -d, which 

V* 

reduces itself to z = W (d 3 + 2 d x V d x + a 9 ) and AD = 

V 0* 3 + $ dx \f d x — x') — d, inwhich,r=— rK -— 1 as is ob- 

V c 0 

tained by substituting In the formula ctx = a 6 r, the values of 
t and r, which are y' x, V b, which value of x if substituted for 
that of will give the value of A D. 

IV. Corollary 2. — On the supposition of Castelli and of Barattieri, 
that the velocity will be as the height, we shall have x = 

*j(dd + and AD= d + ^ — d. 

V. Corollary 3. — And consequently if u = d m — r =b n q = z® 
where m, n, <p are numbers which may be integers or fractions ex- 
pressing any power of the height by the velocity, we shall have the 

general formula z = (d m+ 1 + X c— I 6 n+ 1)0 + I, in which x 
being already eliminated, it only remains to substitute the values 
of d, a, c, 6, taking the aforesaid exponents as fixed, supposing z d 
unknown, the aforesaid formula will give the general equation of 
the whole curve pf the increment of the river by the addition of 
the other stream, the abscissa of which will be z , the ordinate d, or 

m n 0 

more generally making u = dp, r = bp, q = arp, we shall have 
4>+ p p + m p + n 

c z p s=cd p + a b P , and that z t+P — 

, P + m P±»>. 

f c d P + g b P j p y and we shall be able to determine the 
cP 

relation of z to d in the following manner : — 
p + m m 

Let d P = 6 P y; now d p + m = y p ; we shall have z 9 +Pz= 
n+p-m 

^ ^ ^ n ft p jP x ft m Construct the curve A E expressed 


OUU1A ua w t x/ JU — V ^ A & 

be the increment required. . 

VI. Scholium 1.— In the simplest case of the velocity m propor- 
tion to the height, using the first formula of the preceding corollary, 

ch ange this into dd=zz— the equation of the equilateral 

hyperbola b A, of which as 
well the parameter b n as the 
j. A t 2 b V 0, 

diameter 6 m = — — — 

wherefore D B will be the 
height after the union of the 
water, and B A the height 
which the recipient will 
- ’ !1 -^ral 

ilar 
we 



wnicn we icwji.v-. — - 
have on first receiving it. And bv the properties of the ' 
hyperbola, the square of B A feeing e«pl the rectangular 
B m X b B, that is, to the difference of tl 

shall have analytically d d=zz—~^, which ia the equation 

proposed : whence appears the method of describing such a hyper- 
bola, so as to contain every possible case of increment arising tro 
an addition of water. And calculating with the second 
the two parabolas of the preceding corollary, we shall nave 

d d = 6 y, B A = — ■ * and z z = b y + ; and if for 6 y we sub- 

b b a , 

stitute its equivalent d d, we shall have z z~d d-\ jp, t e 

equation which is found and constructed above. 

VII. Scholium 2.— If the velocity is as the root of the height, 
the equation resulting from the first formula of § V will ascend 
to the sixth dimension of the unknown quantity, and the 

sion will be c 4 — 2 a a 6* cc z* +a* &*~2 c 4 d* z* — 2a c b d 

+ c 4 d« = 0, which does not transcend the limits of a cubic equa- 
tion ; but with the second formula p = ^ = ^ = 4 we shall have 

*3 ^ y — ^ 2 x b ; and supposing d 3 = b y\ A E will be the 

parabola expressing the aforesaid equation, and B C that of z l — 
^ y X 6, without otherwise embarrassing itself in the 

resolution of the aforesaid equation, already sufficient complicated. 

VIII. The converse proposition to § II. deduced from the for- 
mula there enunciated, which gives the height of s river from 
which a quantity of water is deducted, to find the section 01 a 
canal, such as shall discharge the same quantity of water, ana 
whose height BD shall descend to BA. The equation cqz = 
cdu + abr is then changed into a b r = cq * — c d u, 
solves the problem. Let it be required to diminish it by such 
quantity of water as may have to the first, before the subtraction, 
the ratio of / to p, whence we shall have the analogy cqz \ cdu\\l : p, 

by making r=6», and u=dm, and wehave6=^~X—^Xd m+ J g+ i 

whence we deduce the height of the canal of deduction d 

( ?x— — X ^m+T formula, which denotes the height which 

\ c / — p / 

that river from which the water has been subtracted will have 
acquired after such deduction. _ . 

If the water of a river be diminished by a given height after the 
canal or derivation be opened, and the height of the effluent b is 
noted, required its breadth a. Let the first height before the de- 
duction be to the second, after the latter has taken place, as e to/ ; 

hence z\d\\c\f whence z ~'~y • Therefore by substituting this 
value in the general formula, since we have already r = 6 W , q ==* *, 
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and u = d m , the equation will be reduced to the following ; a — c 
e <p+l 

■= r-r , in which a and d are the unknown 

f 9 + lb » + 1 ’ 

quantities, and c,f> 6, z, the given quantities ; or else, if a certain 
breadth be given, and the height remains unknown, we shall have 6= 

/ e 9 + 1 d <r>+ ; /ft* * d m + _ L— Now in the case of hori- 

V a /9 + 1 J H + l 

zontal, or nearly horizontal streams, the canal of derivation being 
open, whose bottom regulates also the height of the water of the 

nver ; that is to say. v ‘ v A J ‘" Al ' 

or lesser quantity wf 

in regard to such a canal of derivation, 

(?*£>:-*■ 

IX. — Corollary 1. In the second formula of the preceding para- 
graph let m = n = 1 we change it to d = b X - j* ifl which 

if / = 4000, p = 3500, numbers expressing the quantity of water 
which passes through a given section of the river both before and 
" tnc 


after the subtraction of the water, 6 = 10 feet, a = 200 feet, c = 300 

eration, the logarithm of d = 
The value of the first height be- 


feet, performing the proper operation, the logarithm of d = 
1*3345034 answering to 21JgjjJJ}. Tl 


fore the diminution will be z = - where d being known, all 

V P 

the other quantities will be known also, and will be 23 0 ^ 8 7 feet. 

X. — Corollary 2. Making m = n = £, which is the case of Torri- 
celli, Mariotti, and others, transmuting the aforesaid second for- 
mula into d = 6 3 t/ - a aPP an( | z = ^ . V Lf substituting the 

cc{l—p) ** WPP 

proper quantities and placing the values of the quantities /, p. 6, a, c, 
as above, the logarithm of z = 1*4846658, the number to which is 
30, 7 /$&, from which it appears that if the river be lowered by the 
water, diminished by the effluent so that the first height shall be 
to the second after the diminution as 23 5 ’ , $& to 21$|JJh the quantity 
which passes through a given section below the point of diminu- 
tion, before the water is subtracted, will be to the quantity which 
passes through the same section after the water is subtracted as 
40 to 35 in the first case, and the height in the second case as 
m to 27$$. 

XI. Corollary 3. Taking the third formula of the preceding 
paragraph, in which we have supposed e,/ d, 6, c riven, making 
n, 9, m = 1, by the hypothesis of Castelli, let us seek the width of 

the canal of derivation. We shall have a = e ~~~ f-O- 

ff 6 6 

Suppose e : 9 : 8, d = 90, 6 = 18, c = 300, the logarithm of a = 
1*9999051, corresponding approximatively to the number 98, of so 
many feet will be the width of the canal of derivation, that the 
first height may be to the second, after the water is diminished, as 
9 to 8 ; but on the supposition that m, n, 9 = will be the formula 

changed too = X ^ — 6 . — and the logarithm nearest 

fVf b\lb 

to a will be 1*8900995, whose nearest number, 78, will be the width 
required. 

XII. Corollary 4. Using the general formula, z = ° d - U a b r * 

c q 

to obtain the residual height of a river, after a certain quantity of 
water has been subtracted, we shall have d = * - % ^ — . Now 

by substituting for g, r, «, their respective values z 6 s , d m , we 
shall have d = * — a ; 


if then 9, ft, m will be 


equal each to £, we shall have the equation. 


’d« 


2 a 2 6 1 d» 


+ z*—2&z 3 - 


9 a' 6 1 , o 4 6« _ ^ 

" - " " m T m “ v/# 

yit 1 


Or if, for greater simplicity, we reduce it to the following expres- 
won, d = w (*' a b b ~ X *>) ; and since * = 

we shaU have d = ( ™ f L fL + ££. y )- 

XIII. Corollary 5. — Using the preceding formula, in which we 


have constructed two parabolas, according to what has there been 
laid down, 

p + m 9+p p + n p + m o+p a b P_+ 

cd p = c z p — ab p , and thence d p =* p <T~ * 

( 9 + P ab p + n\ p . .. $+p m 

nowdP + m =[*— -7- -7 ) V and makm S z ~r= b p y 

we have, making the necessary substitution d P + m = 

^ y X Now let B C be the curve whose equa- 

a h P + n ~ m 

tion is z* + P = 6 m yp. Take B A = — » , and from the point 

c 

A describe another curve A E, expressed by the equation d * + w = 

/ ahP + *~ m \P 

( y — p ) X we shall have DE = d,CB = #, and 

C E the required difference of height. 

XIV. Scholium 1. — We shall give some examples of the fall of 
the surface of rivers, produced by derivative canals, as they have 
been called, and these examples will be taken from the Adige, 
which, as is known, affords many such, and on which I had cause, 
at various times, to make several observations for its general regu- 
lation. It was found 

1st. That the Bova della Badia, in flood time, measures 10.7.4 
Venetian feet, or 1528 lines, above the sill; a its breadth is 12^ 
feet, or 1800 lines. The reduced height of the Adige, opposite it, 
at flood time, was 11.3.1, or 1621 lines, being 402 feet wide, or 
57888 lines ; now by a preceding rule, § VI., in which we supposed 

the velocity as the height, having a = — 269, and conse- 

quently d = V (* * — xc)=z 1598, which being subtracted from 
the height of the Adige before the diminution, there remains 
23 lines, that is 1 inch 11 lines for the required diminution. 

2nd. At the mouth or sluice of the Sabbadina we found that 
z — 19.1.11, or 2759 lines; 6=9.2.11, or 1231 lines; a = 27^ feet, 
or 3960 lines; c=2280 feet, or 30240 lines, whence x = 554 and 
d=z V (zz - =2703, which, deducted from 2759, the first 

height, gives 56 Hues or 4J inches. 



3rd. At the sluice of the New River, when it was of wood, *t 
was found that * = 10.8.4 = 1480 lines, 6 = 4.10.8 = 704 
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lines, a = 60 feet = 8640 lines, c = 318 feet = 45792 lines, and x 
=r 306, and d = 1441, giving 2f inches for the diminution of the 
Adige. 

4th. At the Fossa Beilina which is the lowest of the derivatives 
with respect to the sea, it was found that z = 10.11.8 = 1580 lines, 
6= 4.4.2 = 626 lines, a = 60 feet = 8640 lines, c — 258 =37512 
lines.* Whence x — 301 and d= V Q* % - xx) = 1531, which 
subtracted from 1580, leaves 29 lines for the diminution of the 
Adige, that is 2 inches and 5 lines. 

5th. But at Castagnaro, which is the first and farthest from the 
sea of all, it was found that *= 14.2.10 = 2050 lines, 5=1491 
lines, a — 35064 lines, c = 95040 lines ; dimensions taken above the 
two falls on each side of the Cunetta, which remains in the middle, 
the result of which calculated separately will be x = 250 lines and 
d = 1816 lines, a sum which diminished by 2050 lines, leaves 234 
lines, or 1.7.6, for the diminution of the Adige at the flood time, 
by reason of the diversion, which the two falls are able to produce 
on each side of the Cunetta. Calculating then the diminution of 
this, we have z = 2050 lines, b = 2127 lines, a = 3816 lines, c = 
95040 lines, as above, whence d = nearly 2000 lines, which, sub- 
tracted from 2050, leaves 50 lines, or 4 inches 2 lines, wherefore 
we have for the whole diminution of the Castagnaro 1 . 11 . 8 , or 
within 4 lines of 2 feet. 

XV. Scholium 2. The celebrated Abbate Guido Grandi, mathe- 
matician of the Grand Duke of Tuscany, in his treatise on the 
motion of water, professes “that if two horizontal rivers, LG, F G, 
moved with a velocity, I G, G K, be united in one trunk, whose 
velocity and direction will be G H ; and, on the other hand, sup- 
posing the said trunk H G, has the velocity H G, it ought, with 
the retrograde motion to divide itself into two branches, G L, G F, 
they will not regain the velocity, I G, KG, equal to the first, unless 
the angle, LGF. bea right angle,” the which being different from 
what we have Defore established, we are obliged to examine, 
according to our power, the foundation on which the aforesaid pro- 
position rests. Grandi resolves the total velocity, G H, which 
arises from the two, G K, G I, by means of the complement of the 
parellelogram with the two lines expressing the force, H E, G E, 
of which H E is the perpendicular let fall on G K produced ; but 
if conversely, says he, the trunk, H G, he resolved into branches, 
whose velocity shall not be the same as on entering the trunk, it 
may be greater or less, and will only be equal in the case when the 
angle, L G F, is a right one. The direction of the velocity, G H, 
resulting from the conjunction of the two laterals, G I, G K, is 
exactly what all staticians have laid down. To have a clear proof : 
on the line G H raise the perpendiculars, K 5, I$>, and the velocity, 
G K will be obtained, resulting actually from the two G 5, $K, and 
the velocity G I, in the two others, G $>, <p I, of which K 8, <f> I, 
nowise contribute to the progressive motion, but only G 5, G tf>, 
then G 5 + G ^ are equal to G H. as is more easy to demonstrate ; 
then each quantity denotes really the velocity with which the 
water in the trunk moves after receiving the influents, and it is to 
be noted that the prevalence of one perpendicular K a, above the 
other I$> will only oblige the brancn to bend a little from its 
course. Wherefore the illustrious author then considers the 
converse of the proposition, that is, when the trunk passes into 
the branches, to resolve the velocity, H G, into two, HE, EG, and 
says, that in G F the water will run with the velocity G E, greater 
by the acute angle than G K, the which will be true, whatever bend 
and through whatever arm,GE, all the water of the trunk may flow, 
whilst H G does not express all the velocity, the same quantity not 
going through G E, which did when G F was considered as an 
influent, it results that H G ought to resolve itself in another 
shape than that which is the case, that is, considering G<P by the 
velocity G I, and Gd by the velocity G K, whence the original 
velocity, G K, G I, in the two canals respectively, will be precisely 
restored, now reputed as different branches, GF, GL; whence the 
conversion of the influents into diffluents will not change the 
velocity ; in either case it will be retained, provided it be not 
changed by any external circumstance. 

XVI. Scholium 3. — I think it would not be superfluous to give 
an example of the increase of height which a river really acquires 
from the reception of another. W e will suppose the velocity a 
mean proportional of the height, using the preceding formula 
x = 3 V (<P + %dx y/ dx + a? 3 ). The average depth of the section 
of the recipient = 3962 lines = d, its breadth 115200 lines = c. 
The true section of the recipient is figured, in which A and B 
denote the profile of the banks, C the bottom, D E the surface of 
the water, P F the average depth ; the next figure is the section of 
the influent in which the shoal E H appears much more elevated 
than the bottom I and B M S the surface. The better to adapt it 
to practice and calculation, I shall divide the section into several 


parts, reducing them one by one to the section of the recipient, 
which then added together, gives the amount of increase, in the 



section of the influent, D E H I L N RT, DE denotes the right 
bank, R T V the left, E H the bottom of the shoal at the toe of 
the right bank, L N It the bottom on the left bank, and H I L the 
bottom of the influent. The portion B F E must be considered of 
the mean height 3.0.4, that is taking half E F by reason of the 
triangle BFE or BAE, the base BF is 11 feet, or 1584 lines, 
wherefore performing the necessary operation, we shall have * 
= 3963 lines, from which subtracting 3962 lines, the average height 
of the section, there remains one line for the increase of that 
portion BFE. Likewise through the portion F G H E, 17 feet 
wide, and 6.0.9 feet high = 873 lines, we shall have z = 3968 lines, 
from which subtracting 3962 lines, there remains 6 lines for the 
increase of the recipient in height by reason of the aforesaid ad- 



dition. G H I L M will have a mean height of 13.5.3 == 1935 
lines, and a width of 126 feet= 18144 lines, whence ar = 4102 lines, 
and this third increment will be 11 inches 8 lines. M L NO formed 
by the left lower shoal will have a mean height of 1333 lines and 
100 feet 14400 lines, whence z will be 4026 lines, and the height 
required for the increase caused by its addition 5* inches. The 
shoal O N S R is 26 feet = 3744 lines wide, and the mean depth 
3 feet 6 inches 3 lines = 507 lines, and z = 3966, giving 4 lines 
for the increase. Finally, the portion comprising the escapement 
of the bank may be considered 8 feet wide, and 1.9.1. Its reduced 
height not giving any sensible increase, collecting together all the 
aforesaid measures, we shall have the total increase of 1 foot 
5 inches 1 1 lines. 

XVII. Scholium 4. — According to what is registered in the visi- 
tation of the Po and Reno made in 1693, by Cardinal d’Adda and 
Barberini, to calculate the increase produced in the Po by the 
addition of the Reno, it will be necessary only to use the preceding 
formula, as likewise to find the same effect at the general visitation 
of 1720. Taking the data of 1693 aforesaid, supposing the 
average height of the Po without the Reno at Lagoscuro 31 feet 
= 372 inches, the height of the Reno at the pass of Annegati, 
that is b = 9 feet = 108 inches; the width of the Keno there 189 = 
a = 2261 inches; the width of the Po at Lagoscuro 760 feet = c 
— 9120 inches, where x = 3 feet 6 inches, d s = 51 478848 ; 2 dx \/ 
d x =. 3906000 and x 3 = 74088 numbers, which added together make 
55458936, whose logarithm is 7*7439015, which divided by 3, to 
obtain the cube root, gives log. 2*5813005, the number to which is 
381 T a 0 V4 ; and since the fraction answers to 4 lines, if 372 is sub- 
treated from 381.4, there remains 9 inches 4 lines for the increase 
required according to the aforesaid supposition. 

XVIII. Scholium 5. — In a report presented by Guglielmini at the 
time of the visitation, and which was registered in the Acts of it, 
and printed in the Florence collection, in which he calculates the 
rise at 8 inches 9 p. only, but the difference between us arises from 
his having taken the nearest numbers neglecting fractions. Eustace 
Manfredi, in answer to Giovanni Ceva, says in reply to the other 

E roposition, “To say truly we shall find that the 9$ inches found 
y Ceva, is one inch more than what results from the former cal- 
culation of Guglielmini, and that by a small error of a fraction,” 
&c. [See Manfredi's notes to Guglielmini’s book on the nature of 
rivers.] 

XIX. Scholium 6. — In all the above examples we have supposed 
for the calculation of the velocity that it is either a direct or mean 
proportional to the height of the water, and that so as not to 
differ from w'hat has been laid down frequently by many renowned 
authors ; and also to give a proof of the manner of employing the 
formula we have discovered, w*hen greater precision is required, 
the velocity must be found by an instrument (the hydraulic pen- 
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dulum), and the formula used which we have given in a preceding 
chapter. It is possible that in some cases we may not be able to 
employ the rules above referred to for the velocity without making 
great errors; thus to seek out the truth as unequivocably as pos- 
sible, in cases of much importance it is well to calculate by many 
different methods, observing the difference resulting from each to 
determine afterwards the most probable. 


FRENCH RAILWAYS AND FRENCH REVOLUTIONS. 

At length the time has come when the French are awakened to 
the truth about their railway undertakings. There were very few 
who withstood the plan of government interference; it was thought 
quite right that the government should take charge of the rail- 
ways, and private enterprise was crushed. We say crushed, be- 
cause it had not free play, and because the concession system was 
a clog on those lines which were left in the hands of shareholders. 

France is behind-hand with her railways: private enterprise when 
most wanted is dead, and the finances have been upset by the 
wasteful manner of making the government lines. M. Gamier 
Pages, the new Minister of Finance, says this plainly, and names 
among the causes of financial embarrassment those great jobs, the 
government railways, made for placemen and not for the country. 
Thus a burden is put upon France, which she will very much feel, 
for taxation is at all times burdensome to the people, but always 
most in their times of greatest need. It was wrong that railways 
should be made by loans and taxes ; but it was still more wrong, 
when the private enterprise of France was in its childhood, to take 
away from it the food, as it were, of grow th. France has always 
been backward in such public works, and when there was a fair 
chance of getting the French to take shares in railways, they ought 
to have been put forward instead of being kept back. It has not 
been so, and France is burdened with the government railways, 
and the springs of private undertakings are broken up and can do 
nothing, when France wants them most. 

If, however, the late government struck a great blow at joint- 
stock undertakings, the future government holds out no hope, for 
with the growth of socialist ideas, shareholders are frightened as 
to what may be their share in anything they may undertake. The 
working-man comes in now, and asks for nis share in the newly- 
opened lines, and though it may be small at first, it may be very 
much afterwards, or it may be all. Railway undertakings are not 
those where this plan caq be best tried, for the clerks and work- 
men have no very great means of making the traffic greater ; for 
when a railway is made, the bulk of the traffic flows upon it, and 
though it may be nursed, vet, as we have said, the underlings can do 
but little for it. The shareholder does the most in making the 
line, and the working does not much want the care of others. 

What may be the end to English shareholders in French rail- 
ways we cannot undertake to say, but whatever may befall — if in- 
deed all they hold now should be lost, there will be no loss on the 
whole, because the sale of shares to the French in 1845 and 1846, 
will more than make good whatever may be lost hereafter. On 
the first stake in French railways, the English made enough to make 

f ood their old stock, so that what they have left is only their gain. 

t may be, that so far as some are bound up in French shares, they 
may be losers ; but most of the holders, as we have said, have made 
themselves safe. If, too, we take the income which has been had 
on the old stock and put by, there must be more than enough to 
meet any loss. We wish the shareholders were as well off in 
Flanders, but there the railways are only half made, no income has 
been had from them, very few shares have been sold, and there is 
little hope of a sale to the Flemings or the French. Therefore, so 
far as French railways go, there is no room for the outcry that 
English gold has been wast ed abroad. 

If there be no loss to the English in the end on French shares, 
the French themselves will lose, for there will be a withdrawal of 
that help which the English have given, and which has made and 
worked the few French railways now open. At a time when the 
French government must give up railway making, when French 
shareholders are borne down by heavy losses and cannot make the 
railways themselves, the French cannot look abroad, for the trust 
of the foreign holders is broken. However right it might have been 
to give the workmen a share in the income of the Great Northern 
Railway, and however needful it may have been, yet this step is 
the deed of the chairman alone, without one word from the share- 
holders whose income is handed over. M. de Rothschild, in takirtg 
this step, has taken it in haste ; and it looks more like giving in to 
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fear, than making a fair and careful bargain between the share- 
holders and the workmen. No one can help seeing that fear of the 
Communists wrought upon M. de Rothschild, for it was not enough 
to hold out the hope — they would not trust to that, he had to give 
at once all that they wanted. Every one will feel that when they 
ask again, and ask more, it must be given : the Communists are to 
ask, and the shareholders to yield. If the stake the shareholders 
have lately had be too much for them, so that they now have may 
be held to be too much ; it is not left to the shareholders to say 
what is right — they have not even to make a bargain : the Com- 
munists have the might, and they have the right, and if they say 
five in the hundred is too much, the shareholders must give way. 
It is very true that lately the income of the holders in stocks arid 
savings banks has been raised, but this only lays a heavier weight 
on France, and the day must soon come when these burdens will 
have to be lightened. Then it will be said, holders in savings banks 
take so much, stockholders take so much — railway shareholders 
must do the like. On these grounds, the holders here will be 
frightened, and will take no share in any new railways, whatever 
the wants of France may be. 

If the late government of France had upheld joint-stock under- 
takings, there would have been a better knowledge of them, and 
the new government would have been more careful of meddling. 
They would have looked to them as a help and a stay when so 
many in France are out of work, aod they would have found in 
them the best way of making the wealthy give food and work to 
the poor. A tax, however mild on the whole, can never fit itself to 
the means of every one ; the golden mean will be broken — on one 
the tax will fall lightly, another will sink under it. A joint-stock 
share undertaking is a free-will loan, or a tax made by a man him- 
self, knowing his means, and taxing himself to the utmost in the 
hope of gain hereafter. There is no fear of a man putting down 
too little, there is no fear of smuggling or shifting from under 
the yoke. A loan raised for railway works partakes of this in 
so far, that each gives as his means allow ; but the hope of gain 
is not so strong to draw him on, while he is not the master of 
his own money, it is not laid out under his own care, it wants 
the eye of the master. It is on these grounds, as much as any- 
thing, that we uphold joint-stock undertakings in England ; they 
bring to bear not only the money of the people, but their skill anil 
powers of mind ; and we shall grieve whenever in this country 
joint-stock undertakings shall be given over to the go vernmen t, 
as Mr. Morrison and his followers have been so earnest that they 
should be. What the French did led them on, but we hope they 
are cooled by what has lately happened there ; though we are not 
so strong in our belief that tne government will leave off meddling 
while berths can be found for their many greedy hangers-on. 

The turning out of France of the English workmen need not 
give us any sorrow, though it will do France no good. It is neither 
more nor less than self-slaughter by the French. Why did Eng- 
lish workmen go there ? Not as wanderers seeking a livelihood, 
not like the Swiss and others flrho crowd to Paris, and earn bread 
which Frenchmen might earn; but they have been asked to go 
there — they have been sought. English skill and English know- 
ledge were wanted for French railways, French power-looms, and 
French engine works. There were no Frenchmen to do the work, 
and Englishmen were brought over to teach them. So far from 
the English doing as the Swiss — working under the French, taking 
away their livelihood, or shortening their earnings — the English 
have been always paid higher than the French, and have followed 
new callings in which no Frenchmen came in their way, while they 
have given help to the others by teaching them trades, which they 
did not know before. The power-looms and other weaving and 
spinning works of the north of France have been set up by the 
English, and carried on by English foremen ; and thus the French 
have been brought into the market against us. The English fore- 
man is to be found all over Europe, not because he is liked, but as 
they cannot do without him. This not in France only, but in 
Flanders, Holland, Germany, Italy, and Spain. 

The withdrawal of English masters and English workmen from 
France is a blow struck at France, and not at us. Instead of 
Frenchmen fighting us with English weapons, they must take to 
their own, and be beaten as they were before. We do not believe 
that this swarm of Englishmen abroad did us the least good. They 
mostly laid out in France what they made there — they seldom 
brought anything back; and if we had not to keep the few thousands 
who lived there, still we must have lost by the Englishmen put out 
of work at home, who if they had to deal with the French only 
would have beaten them, for after all the English are far better in 
all the higher work. We shall have so many men brought home, 
and we shall have to keep them : it will be most likely by our 
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taking trade from the French, perhaps by sending goods into 
France itself. 

The French have a great fear of our trade, they believe that we 
sway the world by our trade, and they wish to wrest it from us — 
they begin the struggle by throwing aside their best weapons. To 
be great in trade, France should draw money and skill from the 
whole world ; it should have chosen and picked men, whether from 
France or abroad. It should be the star to which men of mind 
and skill should look, as shining with the best hope of reward. The 
blow dealt at the English strikes elsewhere. It is not only the 
Englishman who is forbidden to take his stock, his knowledge, and 
his skill to France, but it is every man who is willing and ready to 
do so. The Italian, the Spaniard, the German is forbidden, and 
shut out as much as the Englishman. France is shut against the 
world as much as China was, — there is no field for any but French- 
men. 

We wish we could speak more hopefully, that we could cast a 
brighter look on France, but we feel we cannot with truth speak 
otherwise than we have. We believe we have spoken fairly, while 
we are sure that England, however it may wish that it had been 
otherwise, is the least harmed by the breach which has thus been 
made in the ties of fellowship* which so lately knit the two 
together. 


Health of towns bill> 

The promised bill for securing the health of towns is again before 
the legislature; and we hope with some prospects of success. To 
the general principles of the measure we are most favourable, because 
we have long laboured to obtain an amendment of the very serious 
evils which so much affect the public health. At the same time, 
there are many clauses which require great and grave considera- 
tion before they become law ; and in making some remarks upon 
them, we do so without any hostility to the bill generally. 

In clause 8, fifty householders have the power of putting the 
act in motion. In large towns, such a number gives the power to 
an insignificant minority ; and in small towns, fifty may be found 
too many. There ought either to be a proportional number, ac- 
cording to the population of the town. 

Although the eighth clause speaks of existing local boards, we do 
not find any provision for their abolition ; and we therefore expect 
that great confusion will arise between the new local boards of 
health and the old local boards, for paving, cleansing, highways, 
sewers, and for other purposes. Great confusion must likewise 
arise from the election of new officers, who will be brought in con- 
flict with the present clerks and surveyors. 

The qualification of elected members of local boards seems too 
high for small towns. The number of inhabitants rated at thirty 
pounds a year is so small as to restrict the choice of the electors. 

We think the provision for contour lines in clause 27, is useful ; 
but if the lines are taken at every ten feet elevation, it will be 
quite enough. 

By clause 29, the board of health will have the power of carry- 
ing a sewer or drain “ through Or under any lands whatsoever ” Surely 
this will never be allowed to pass ; this power will enable any 
sewer to be earned across a garden, pleasure-ground, or park, 
without any notice or compensation. 

Clause 35 requires that notice of building a house shall be 
given to the local board of health fourteen days, and that works 
shall not be begun without leave of the board. Seven days seems 
to us quite time enough, and the works should proceed unless the 
board can show some objection to them. 

It appears very unlikely that clause 42 will be found prac- 
ticable. It provides for engine and factory chimnies consuming 
their own smoke. 

Clause 49, although aimed at great evils, is very objectionable ; 
and however effective it may be in checking tramp-thouses, it will 
not touch the evils of overcrowded Irish lodging-houses. It makes 
all houses, other than public-houses, liable to registry and inspection, 
where persons are lodged for a single night or less than a week. 
Unless some exception be made for Brighton, Margate, Gravesend, 
and other watering places, the inconvenience and annoyance will 
be great ; as house-holders are glad to accommodate visitors who 
run down by steamboat or rail on the Sunday, and retiam on the 
Monday. 

The clause 54, giving control to the commissioners for regulat- 
ing the levels and plans of new streets, is arbitrary in its inter- 
ference with private property, while six weeks is very much too 
long for any inquiry to be mane by a local board or its officers. 


In the next clause, 30 feet is too wide for a mews; 24 feet is 
ample. 

The clause 58, for enabling local boards to set up waterworks, 
however necessary in itself, is likely to do evil by throwing impe- 
diments in the way of private enterprise, for the existence of any 
company to be set up is precarious and dependent on the local 
board. 

After all that has been said about graveyards in towns, it is 
a pity to see the countenance given to this abuse by clause 67, 
which allows of graves being made with only thirty inches of soil 
over the coffins, — a shameful and fearful nuisance. 

The clause 78 is inconsistent with the general tenour of the act, 
for after making it compulsory on each house to have the water 
laid on, the measure of cutting it off for non-payment of rates, is 
one not favourable to the public health. 


R22VXEW8. 

The Theory and Practice of Ship Building . By Thomas White, 
jun. London : Johnstone, 1848. 8vo. pp. 101, with volume of 
folio plates. 

The science of ship building appears to us one of those in which 
the precise application of mathematics is not to be attempted; 
but of which, nevertheless, the leading principles should be based 
on the theoretical laws of mechanics. For ship building, ma- 
thematical formulae can do nothing — mathematical principles 
everything. The former cannot take account of the thousand and 
one practical requisites of a good ship — the latter leave sufficient 
margin for the attainment of the needful qualifications; the 
former impose laws which are not always just, and even where 
they are just, are too minute and restrictive ; but the latter estab- 
lish a more liberal and lenient code — one more easy to be obeyed 
and more deserving of obedience. In choosing between a scien- 
tific principle and an analytical formula, the ship builder chooses 
between a friend and a master. 

There is, however, a great difference between general principles 
and vaoue principles. It is the latter which are now' almost ex- 
clusively observed in the public dockyards. Grave official per- 
sonages have a great horror of matters whch they themselves do 
not understand, and consequently the range of their antipathies is 
very comprehensive. It includes science. It is no great scandal 
to assert that in the government dockyards, the most profound 
science is not so useful a personal commodity as kinship to one of 
the Lords of the Admiralty. Let a man prove by rigorous scien- 
tific demonstration, that some established rule of ship building 
is essentially erroneous — and will he be rewarded for his pains ? 
Will he be thanked for making an advance in science ? Will the 
obligation under which he has laid society to him, be discharged ? 
Quite the contrary. The chances are, that he will be frowned down 
as a visionary, or rebuked for pretending to know more than his 
betters. In the eyes of men in office, to be set right is to suffer 
lese-majeste. 

There is one chance, however, that a scientific discovery may be 
useful, if not to the discoverer, at least to the public ; — some one 
who dines occasionally at the Admiralty, may think it worth while 
to appropriate it. 

Our respect for government science, for the researches of royal 
commissions, the mathematics of blue-books, and the investigations 
of official inspectors, is extremely limited. In matters of experi- 
mental philosophy, we should lay it down as a general rule, that 
the persons least likely to find out the truth are — the “ properly 
constituted authorities.* What a satisfactory affair the Gauge 
Commission turned out ! How well Sir William Symonds* ships 
sail ! With what universal and unhesitating deference did the 
railway engineers receive the reports of Sir Charles Pasley ! And 
to go still further back, how admirably the Irish Railway Com- 
missioners executed their task ! of which the most favourable 
th ing that can be said is — that their report suited the characte r 
of the country affected by it. The blunders of admeasurement in 
the plans and sections were not much more egregious than some 
which have been detected by the Standing Orders committees : 
and Mr. Barlow's investigations of the effect of gradients are not 
very much worse than a mathematical student would write in his 
first year. 

It seems to us quite clear, that for the future advancement of 
the practical sciences we must trust entirely, or almost entirely, 
to private efforts. At rare intervals, indeed, a commission will be 
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competent for the scientific investigation assigned to it : it is rea- 
sonable, for instance, to expect much benefit from commissioners 
selected as those appointed to consider the use of cast-iron girders 
on railways have been. But on the whole, these cases must be 
looked upon as exceptions and happy accidents. In naval matters 
the inefficiency of official philosophy is especially deplorable, be- 
cause of the enormous expense which it entails upon the nation. 
After all the visits of the Lords of the Admiralty to Portsmouth 
— after all the parliamentary returns and parliamentary debates — 
after all the enormous cost of ships built on new models, to be sub- 
sequently remodelled and patched as the prevailing caprice dic- 
tated — after all the exploits of experimental squadrons — we have 
come to the very gratifying conclusion that our most weatherly 
vessels were taken from the French in the late war. O, for an 
Ecole Polytechnique in England ! 

The author of the work before us professes no more than “ to 
give some plain directions for actual building/' and to put the 
reader in possession of just so much information as is requisite for 
carrying him to “larger and more scientific works on the subject.” 
But the present treatise, though it does not aim at extreme pro- 
fundity, has the greater merit of expressing in simple terms some 
very important views respecting the application of hydrostatics to 
the theory of ship building. The stability of a vessel is properly in- 
sisted upon, as a perfectly indispensable requisite — one without which 
all other merits are valueless. The form of a vessel may enable her 
to sail fast, but if, at the same time her pitching and rolling 
motion be excessive, the practical utility of the vessel is proportion- 
ally lessened, her security endangered, and her durability 
diminished by the constant strains to which she is subject. Sir 
William Symonds' vessels are, our author remarks, liable to these 
grave objections. In his vessels, the rake of the stem is some- 
times so great, that the stem is inclined to the keel at an angle 
of thirty degrees. By thus cutting away, so to speak, a large por- 
tion of the fore body, it is clear that when the vessel pitches ahead, 
there is less immersion or sustaining power to bring her up again, 
than there would be if the stem were more upright. He com- 
mitted a similar error with respect to the lateral rolling. The 
lateral stability, of course, depends in a great measure on breadth 
of beam ; but tne general form of section amidships must be duly 
proportioned in reference to it. “ Here,” says our author, “ we 
consider, is to be found the great defect in the surveyors midship 
section ; it is comparatively straight from the keel to the water- 
line ; and, as such, is manifestly deficient in bearing, until its ex- 
treme immersion takes place, which is sudden almost to a jerk ; 
whereas a rounder line would prevent the great degree of lateral 
inclination, and what must take place would be much more easy. 
The advantage of this, in comfort upon the deck, efficiency at the 
guns, wear and tear of the rigging, and indeed, the safety and com- 
fort of the whole, must be apparent.” 

The conditions of stability, either laterally or longitudinally, are 
not after all so very difficult to ascertain. The problem is prac- 
tically a hydrostatical, not a hydro- dynamical one, and therefore 
much easier than that of determining the forms best adapted for 
speed. If navy surveyors had only a moderate acquaintance with 
toe properties of the Metacentre — if their appointments de- 
pended rather on their knowledge of hydrostatics, than on their 
government influence, or aristocratical connections, we should 
nave to pay for much fewer of those great wooden coffins which 
now disgrace our navy. As far as we may judge from Sir William 
Symonds’ actual performances, he either does not know the mean- 
ing of the word u metacentre, or he cannot have studied its pro- 
erties. He may possibly have an idea that they have some in- 
uence on the stability of a vessel — but he certainly cannot know 
that they are, not merely important, but all-important — that in the 
question of stability, the properties of the metacentre constitute 
the question, the whole question, and nothing but the question. 

Mr. White’s practical directions we will not venture to criticise 
at length. The accuracy of his general views, however, and his 
long experience in his profession, seem just grounds of dependence 
on his authority in matters of detail. The folio plates are care- 
fully drawn and admirably executed : and the descriptions which 
accompany them are very minute, and appear well suited to the 
purposes of the ship builder. The wort concludes with an ac- 
count of the methoas now' in use for measuring tonnage, and with 
remarks on the complexity and inefficiency of the new method es- 
tablished by law. We conclude with the following brief extracts, 
the first selected for its scientific importance, the second for its 
curiosity : — 

. “ The form of body best adapted for steam vessels, is a primary consi- 
deration. It will be found that moat of the principles which constitute a 
good jailing ship, will also apply to a steamer. We have repeated instances. 


in which first-class steam ships that have afterwards proved of superior, cha- 
racter, have gone as fast, under jury rig, and with not more than half the 
momentum of canvas allotted to tailing ships of equal tonnage, as they 
have subsequently gone nnider the fall power of the engines. Maqy 
valuable inferences may be drawn from this fact ; and we unhesitatingly 
bring to onr aid, in bnilding steam ships, the whole experience of the pro- 
fession, to a much greater extent than was at first adopted* Experience 
shows that the long bow and clean ran are indispensable ; for, whatever 
may be the laws of fluids, the great speed of river boats thus built, the In- 
crease obtained by lengthening so many of the earlier formation, and the 
increased acuteness of each succeeding class, amount to a demonstration on 
this point.” 

“ The ark in Scripture was of these proportions, namely, six times the 
breadth for the length, and one-tenth the length for the depth. Other pro- 
portions may in particular circumstances promote speed; but for stability 
and security at sea, the proportions of the ark, destined as she was to en- 
dure the greatest commotion of waters the world has ever known, are, 
we fearlessly assert, infallible, since the experience of fonr thousand years 
his only confirmed them ; a collateral evidence, at least, of the truth of 
the Scripture narrative. The ark was twice as long, and twice as wide and 
deep, as the West- India mail steamers, and consequently would make eight 
of them, considered as regular figures.” 


An Historical, Practical , and Theoretical Account of the Breakwater 
in Plymouth Sound. By Sir John Rennie, F.R.S., F.S.A., F.G.S., 
President of the Institution of Civil Engineers. London : Bohn 
and Weale, 1848. 

Sir John Rennie could not have more worthily devoted himself 
than to the commemoration of the great work of his father, the 
Plymouth Breakwater, and he could not have erected a monument 
more munificent than the volume now before us,— one which while 
it records the merits of his father, and gives proof of his own en- 
lightened spirit, will be of value to the engineering profession for 
many generations. Well may we describe it as a monument more 
lasting than brass, while it bears a more noble inscription than was 
ever sculptured on marble. Of Sir John Rennie’s works we will 
not speak, for others can put forward a claim to the production of 
works of equal magnitude and merit, but we cannot refrain from 
saying that this book is another public service rendered to the 
engineering profession. As President of the Institution of Civil 
Engineers, Sir John has upheld the social rank of the profession, 
ana has maintained its public hospitality; by the contribution before 
us, he has shown his earnestness in the cause of professional litera- 
ture. These are to our mind merits in addition to the material 
monuments of his skill, and speak powerfully of his enlarged and 
liberal mind, and of his public ana disinterested spirit. They 
show that his heart and soul are engaged in the career he pursues, 
and are a guarantee of his professional independence and integrity. 

We speak warmly, because it is rarelv we have the opportunity 
of speaking of a book from the hands of one of the higher members 
of tne profession, and therefore it comes more welcome to us. It 
is true there are excuses for the silence of those members, and Sir 
John has himself very well explained them, but that does not ex- 
empt us from our duties towards him, who stands a brilliant exam- 
ple of successful exertion. Sir John Rennie’s words merit atten- 
tion, for they must be the exculpation of our engineers in the eyes 
of Europe. He says — 

w Continental engineers have generally more time than English 
engineers for writing and reflection. The former, confined for the 
most part to a single work at one time, have leisure to study and 
reflect upon every operation connected with it, and to deduce 
general laws from them which may be applicable in similar circum- 
stances. Their sphere of action nevertheless is limited, compared 
with that of English engineers, and they have not the same facili- 
ties of acquiring that readiness of application, that versatility of 
inventing remedies to meet every case which occurs in practice, 
and whicn alone can be derived from extensive and greatly-varied 
experience in all kinds of works, such as falls to the lot of English 
engineers. This defect is necessarily inherent in the continental 
system, notwithstanding the numerous able engineers we find there. 
The whole of the works, as well as the engineers, being in the 
employ and under the control of the government, their energies 
are impeded, their talents are fettered, and they are deprived of 
that strongest of all inducements to exertion, viz., competition, 
which has been productive of so much benefit in this country. 
Here, as regards engineering, everything has been free and un- 
trammelled; thus every member of the profession has been at liberty 
to study and follow out that course which appeared to him best 
calculated to acquire public favour, and secure bis own interest ; 
and the public, on the other hand, has never found any deficiencr 
of talent to carry out any work as often as the emergency required. 
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The government alee have equally profited by this system, fear they 
oan always enter the market upon the same terms, and obtain any 
degree or talent they may require without the necessity of training 
a corps of civil engineers of their own, which, for the reasons above 
Stated, would be found very difficult, and perhaps not without en- 
tailing the expense of numerous failures, which is the more unne- 
cessary, as they can obtain the experience ready-made without any 
such sacrifice. Nearly all the great works and improvements in 
the public establishments have hitherto been obtained in this man- 
ner ; of which the Breakwater and many others may be termed 
excellent examples, and by pursuing the same system, the same 
beneficial results will continue to be produced. On the continent 
the superiority of our free system of competition is in many cases 
much admired, and will probably be introduced where circum- 
stances render it practicable ; and English engineers are highly . 
esteemed and much employed on the continent. 

This is spoken fairly, and Sir John takes care that he shall not 
be understood as speaking invidiously, or as depreciating the con- 
tinental engineers. He says — 

“ In saying thus much, I wish to be distinctly understood, that I 
should be extremely sorry to be considered as undervaluing in the 
smallest degree the numerous able engineers in every department 
on the continent, or the magnificent works which have been con- 
structed by them, or the excellent books they have written, which 
have been productive ef so much benefit to the profession of civil 
engineering.” 

In these sentiments we fully concur ; we honour our continental 
brethren, but we demand for them as for ourselves the benefits of 
what we believe to be a better system — that of the competition of 
Civil engineers. We advocate for their interests a wider field of 
exertion, and emancipation from the thraldom of the government 
bureaucracy, protection for men of ability, and no false encourage- 
ment for men of no ability. 

In expressing himself thus boldly. Sir John Rennie has done 
very great service to the profession by vindicating it from the in- 
jurious and insidious designs of the government here, who are 
always seeking to establish military engineers in capacities for 
which they are utterly unsuited. We wisn other members of the 
profession of equal reputation would display the same dignity of 
reeling and disinterestedness, by publicly expressing their unfavour- 
able opinion of the government assistance. We hope the fear of 
losing some small amount of government patronage does not keep 
them back from doing what Sir John Rennie has unhesitatingly 
expressed. 

We wish too they would imitate him in the production of books, 
such as his. At any rate, their pecuniary means enable them to 
imitate him in the lavish outlay he has made on drawings and en- 
gravings. They have the drawings in their own offices, and if they 
merely put them in the hands of the engravers, without any text, 
the plates will prove of value to professional students. We have 
seen so many examples of liberality among the profession, that we 
hope it will be equally displayed in contributions to engineering 
literature. Money only is required, their time is not required ; 
and though they can plead they have so little of the latter, they 
have been well enough rewarded to deprive them of such a plea in 
the expenditure of money. 

We have been apt to adduce as a merit in professional works 
that they were profusely illustrated, and we believe our readers 
will agree with us, for such books are thereby of a more practical 
nature. In this respect, Sir John Rennies volume has few to sur- 
pass it; and it is undoubtedly one of those great works, which must 
at once take its place in the standard library of engineering. No 
expense has been spared, we may say no care has been spared, to 
make that portion of the work complete which speaks to the eye, 
illustrating the words of Horace — 

** Segnius irritant demisM peraures 
Quam quae sunt oculls subject* fidellbus” 

The eye of the practical man seizes at once the construction and 
proportions in a drawing, while the most copious description fails 
to convey an impression so complete. Again, it is more easy for 
those who wish to copy a good example to do so from a drawing 
than from a description, and when we consider that a work of this 
kind is to be a text-book for hundreds of engineers, it appears 
most desirable that it should be, as it is, really and truly useful. 

. On leaving the presidential chair, Sir John Rennie has not re- 
tired from the public service. He never could retire into obscurity, 
but he could well have claimed exemption from further contribu- 
tion. That he has completed this magnificent work gives him an 
additional title to future fame, as it does to the gratitude of his 
contemporaries for his maintenance of the dignity of their pro- 
fession. 


The Young Surveyor's Preceptor* By Job* Reid, Surveyor. 
Farts Land. II~ 

The object of this work m to explain the present system of 
measuring and. estimating builders' work for this purpose the 
author has given the plans of a first-rate building, and explains 
how the measurements are taken, commencing with the digger, 
and going on with the bricklayer and carpenter. The dimensions 
are ml given in detail as taken off in estimating, and are accom- 

E anied with a specification of each trade. Mr. Reid appears to 
ave adopted the practice of the most experienced surveyors, and 
has produced a work which is likely to be of £reat benefit to the 
pupa, in assisting him in his professional pursuits. In saying this. 
we must caution him not to imagine that he can obtain a sound 
practical knowledge of the duties of a surveyor or architect, from 
merely reading or studying this work, or any other book or 
lecture : it can only be attained by accompanying an experienced 
surveyor in measuring or making an estimate of the building itself. 


FRO OSSDZXTO8 OF 80ZBVTZFXC SOCIETIES. 

INSTITUTION OF CIVIL ENGINEERS. 

Feb. 22. — Joshua Field, Esq., President, in the Chair. 

The paper read waa by Mr. A. Mitchell, of Belfast, Assoc. Inst. C.B. V 
•* On Submarine Foundations ; particularly the Screw-pile and Moorings" 

Considering that the entire subject of the various sorts of piling, of solid 
stone foundations, of cofferdams, of masses of concrete, and the numerous 
modes adopted by ingenious men for overcoming local difficulties, would 
occupy too much time, and scarcely possess novelty, the author restricted 
himself almost entirely to the description of the works executed by him with 
the screw-pile, as that had been chiefly employed for supporting structures 
on loose sand or mud banks, wholly or partially covered by the sea, where it 
had been previously considered very hazardous, if not impracticable, to erect 
any permanent edifice ; and in his narrative, he scrupulously avoided all 
comparison with other modes of proceeding, even when they had the same 
object. The origin of the screw-pile was the screw- mooring, which was de- 
signed for the purpose of obtaining, for an especial purpose, a greater hold- 
ing power than was possessed by either the ordinary pile or any of the usual 
mooring-anchors or blocks, of however large dimensions. It was proved by 
experiment, that if a screw, with a broad spiral flange, were fixed upon a 
spindle, and forcibly propelled by rotary motion to a certain depth into the 
ground, an enormous force would be required to extract it by direct tension; 
and that the power employed most be sufficient to drag up a mass of earth 
of the form of the frostrum of a cone reversed — the base being at the surface 
of the ground, and the section of the apex being eqnal to the diameter of 
the screw. The extent of the resisting mass must, of course, depend upon 
the natural tenacity of the soil. Even in this reasoning, it must be evident 
that a vertical force was calculated upon ; but as, practically, that seldom if 
ever occurred, the angle of tension and the curve of the buoy-cable again 
gave the moorings greater pewer. This was fonnd to be correct in practice, 
and the application of the moorings became very extensive. Aa arrange- 
ment was made with the port of Newcaatle-on-Tyne, by which, for the sum 
of 2,5004., the right of fixing these moorings in the Tyne was given; and 
Mr. Brookes, the engineer, showed that last year, whilst in the neighbouring 
port, damage was done to the shipping to the extent of nearly 30,0004., no 
injury was sustained in the Tyne, entirely owing to the sound holding of 
Mitchell's screw-pile moorings. It naturally occurred to Mr. Mitchell, that 
the same means of resistance to downward pressure might be used ; and he 
proposed to apply it for the foundations of lighthouses, beacons, and other 
structures, which, for maritime purposes, it might be desirable to place upon 
sand and mud banks, where hitherto it had been considered impracticable to 
place any permanent edifice. In the year 1838, a plan for a structure of this 
nature for a lighthouse, on the Maplin Sand, at the mouth of the Thames, 
was laid before the corporation of the Trinity House, supported by the 
opinion of James Walker, Esq., their engineer. The nine iron piles, 5 inches 
diameter, with screws 4 feet diameter, were accordingly driven 22 feet deep 
into the mud, and, with proper precaution, they were allowed to stand for 
two years before any edifice was placed upon them. The lighthouse waa 
subsequently constructed, and, as was testified by Mr. Walker, had stood per- 
fectly until the present time. Pending this probation, it was determined to 
erect a lighthouse to point out the enUance to the harbour of Fleetwood-on- 
Wyre, and under the advice of Captain Denham, R.N., the screw-piles were 
adopted. The spot fixed on was the point of a bank of loose sand, abont 
two miles from the shore ; seven iron piles, with screws of 3 feet diameter, 
were forced about 1 6 feet into the bank, and upon them timber supports 48 
feet in vertical height were fixed to carry the honse and lanthom. This 
structure was completed in six months, and was perfectly successful, never 
having required any repairs to the present time. A similar lighthouse was 
erected near Belfast ; and since then several others, with a great number of 
beacons, have been fixed in sitoationa heretofore deemed impracticable. 
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A project was started by the Earl of Courtown, in the year 1847, for add- 
ing to the length of the pier at the Harbour of Courtown, on the coast of 
Wexford, which had proved an entire failure, from the channel between the 
solid pier being continually choked up with sand. Iron piles, with screws of 
2 feet diameter, to be driven from 11 feet to 15 feet into the sand, and bine 
day, were decided to be nsed in order to form an open jetty through which 
the sand could be washed by the current, and the platform would be used 
for loading and discharging the shipping. The surf was so heavy on the 
coast that the usual barges or floating rafts could not be used for putting the 
piles down— so an ingenious plan was designed by Mr. Mitchell, for project- 
ing a stage forward from the solid part, rigging a large grooved-wheel upon 
the top of the pile, passing an endless rope-band around it, and round a 
pulley fixed 150 feet back, and then, by a number of men hauling upon the 
band, a rotary motion was communicated to the pile, which screwed it down 
very fast. By these means one bay of the pier, 17 feet long, was finished 
daily, even in very rough weather. The entire length of the jetty was 260 
feet, its breadth 18 feet, with a cross-head 54 feet long, with landing stages 
at each end, and two lines of railway throughout The entire cost of this 
extension was 4,150/., or about 47/. 10«. per lineal yard — an extremely small 
sum compared with the cost of stone piers ; but even that was more than 
the expense would be now, as the system of work is better understood, and 
materials are now cheaper. The account of the difficulties incurred in the 
execution of these works was most interesting, and ample testimony was 
borne by engineers of eminence, and men whose maritime experience gave 
weight to their opinion, of the superiority of Mr. Mitchell’s screw-piles and 
moorings over every other system for holding buoys, or for supporting bea- 
cons and lighthouses, and their use was suggested for the foundation of 
bridges, viaducts, and numerous railway and other works, as well as a multi- 
plicity of applications which had not hitherto been thought of. 

Mr. W. A. Brooks gave an account of the method of laying down the 
moorings at Newcastle-on-Tyne, under his directions. A heavy chain, formed 
of 3£-inch round iron, in links of 3 feet long each, was stretched along the 
bed of the river, in the direction of the current. To this chain, beneath 
each tier, was attached a 24-inch mooring-chain, fixed to the head of a screw 
mooring ; another screw being also placed beneath each tier, and driven 
down between 10 and 20 feet into the clay, and sometimes full a foot into 
the shale rock. The screws were 4 feet in diameter, and were placed in 
depths varying from 15 feet to 24 feet at low-water spring tides. They 
were screwed down to the depth of 15 feet in an hour and a half, and some- 
4imes 21 feet in two hours. Each mooring screw was intended to have 
borne the strain of four heavy ships ; but, during tbe last winter, the port 
was so crowded, that more than double the proper number of vessels were 
moored upon each ; and yet there were no signs of weakness ; and whilst 
nearly 30,000/. of damage was done at Sunderland, during a heavy storm, no 
casualties occurred at Newcastle, which Mr. Brooks stated was entirely owing 
to the sound holding of the screw moorings. He argued, therefore, that the 
small sum of 2,500/., paid by the harbour commission of Newcastle for the 
right to put down these moorings, was a very wise expenditure. 

Mr. T. Smith, Pilot Master of the Port of Shields, corroborated Mr. 
Brooks’s statement. 

Captain Washington, R.N., had, in the course of his surveying duties, 
seen the screw moorings in almost every position, and had heard them uni- 
versally eulogised, as being the best and safest moorings hitherto known. 
He strongly recommended their employment. He had also examined care- 
fully the screw-pile lighthouses, and had every reason to be satisfied with 
them, as affording a means of placing lighthouses and beacons where they 
were before impracticable, and enabling floating lights to be generally super- 
seded by fixed lights, which latter he proved, from documentary evidence, to 
be one-third less annual cost than the former, and certainly more useful to 
sailors ; for, in spite of all the care, attention, and even lavish expenditure 
of the Trinity Board to moor the lightships securely, they did go adrift just 
at the time when they were most required. He, therefore, advocated fixed 
lights in every situation where a foundation could be obtained ; and be be- 
lieved that, with the screw-pile, there were scarcely any situations where 
this could not be accomplished* 

Messrs. Walker, Cubitt, Rennie, Murray, Moorsom, Mitchell, Scott Rus- 
sell, and others, took part in the discussion, adducing instances of the effi- 
ciency of the moorings and the piles, and of their applicability to numerous 
engineering works, for whioh they expressed their intention of employing 
them. The high price hitherto changed for the right of using them had 
somewhat retarded their general introduction ; but it was explained, that Mr. 
Mitohell had feared to entrust to others the fixing of them, lest a failure 
might ensue before his system was perfected, which, however, he now thonght 
it was. Now, however, as the right of granting licenses for their use was 
transferred to men of business who had purchased it, there was no doubt of 
their being brought within the reach of every application. 

Feb. 29. — The paper read was entitled “ Remarks on the Formation of the 
Entrances to Docks , situated upon a Tideway .” By Mr. J. B. Rxdman, 
M. Inst. C.E. 

After illustrating the subject by the example of the position and direction 
of all the principal dock entrances on the borders of the Thames in the 
port of London — showing that the variation in the opinions and practice 
of engineers had been very great — the paper detailed the ordinary me- 
thods of docking and undocking ships, and the precautions to be taken in 
constructing entrances, which should be best adapted for facilitating these 


operations ; and, although it was difficult to lay down any positive roles upon 
the subject, as the engineer must, in almost every ease, be guided by local 
circumstances, yet in ordinary cases the following general rules were recom- 
mended For graving docks, aa angle of about 45 , pointing up the stream ; 
for wet docks, an angle of about 60°, in the same direction ; and a right 
angle, with tbe stream, for building ships. These, it was believed, would be 
generally found tbe most available. 

March 7. — In the discussion upon Mr. Redman’s paper, the merits and 
defects of the several dock entrances in the Thames and in other situations 
were examined, and the general result appeared to be, that although the en- 
gineer must be guided by local circumstances, yet, that in situations where 
the river was sufficiently wide, and the position of the land permitted, an 
acute angle pointing up the stream, was the best for docking vessels with 
the flood— that the reverse would be best for undocking ships. In ordinary 
widths of rivers, therefore, the end would be attained by forming a bay suffi- 
ciently deep to render the water still in front of the dock, the wing walls 
being so much splayed as virtually to give the directions up and down the 
stream as circumstances required. The peculiar positions of the docks at 
Ipswich, by Mr. Palmer, the alterations of the Duke’s Dock at Liverpool, by 
Mr. Cubitt, and other cases, were sustained in support of the arguments of 
the speakers, who all united in praising the industry and talent of Mr. Red- 
man, in bringing forward the subject in the complete manner he had done. 

March 14.— The paper read was “An account qf the effect qf the Storm 
qf the 6th of December 1847, on the coast near Edinburgh, as illustrating 
the Principles of the Construction qf Sea Defences.” By W. J. M. Rankikb. 

Tbe principal example given was the sea wall of tbe Leith branoh of 
tbe Edinburgh and Dalkeith Railway, built by the author in the year 1887, 
from Mr. Walker’s designs. Just after it was completed, a violent storm 
occurred, which injured almost every similar work within its range, but 
produced no ill effect upon that structure. On the 6th of December 1847, 
a still more violent storm occurred, which did great damage all around, 
but the railway wall still escaped without injury. The total length of the 
wall was about 760 yards ; its height was 13J feet above the beach at the 
highest point, diminishing to about 6 feet at the ends. Tbe height of the 
top was 4 feet above equinoctial spring tide level. Its least thickness was 
5 feet and its greatest 10 feet ; the back was vertical, but the face bad an 
inclination at the lower part of 5 inches in the foot, gradually becoming 
curved as it rose upwards, until at tbe top it overhung slightly. The 
foundation course was composed of large flat stones, laid horizontally 4 
feet below the surface of the beach, upon a stratum of fine sand and 
gravel, firm when dry, but moveable when wet. The face was of 
hammer-dressed ashlar, about 2 feet thick ; the back of rubble, 18 inches 
thick. The interior was filled with concrete. The coping was composed 
of stones each weighing about half a too, connected by means of cast-iron 
dowels. The stone used was Graiylieth sandstone. The face joints were 
laid in cement for a depth of 4 inches. The foundation was protected by 
a pitching of trap boulders, laid on the natural level of the beach. They 
were partially disturbed by the storm referred to, and the author ascribed 
this to their weight being insufficient to resist the vertical oscillation of the 
waves. 

The second example was a vertical sea wall near Trinity, the foundation 
of which was protected by a dry stone bulwark sloping at angles of from 
30 deg. to 40 deg. The wall was injured by tbe the storm, but the pitch- 
ing was breached at several points. 

The third example was another wall near Trinity, of a hyperbolic sec- 
tion. The lower part had a slope built dry up to a little below high-water 
mark. At this point there was a sharp curve, and the upper part was 
nearly vertical, and laid in mortar. The waves extracted the stones of 
the carved portion, and the upper part, being undermined, was destroyed 
to a great extent. 

The last example was the bulwark of the Granton line, the lower part 
of which sloped at about 20 deg. ; tbe upper portion was curved, and was 
covered by a heavy projecting stringcourse and parapet. It was built 
dry, and tbe stones of the lower part weighed not less than half a ton 
each. This bulwark suffered damage to a slight extent on its upper por- 
tion. 

These examples were stated to confirm the following principles:— 
That the principal action of the waves in front of a sea wall was a ver- 
tical oscillation, produced by tbe combination of the direct and tbe reflected 
waves ; that a sloping bulwark gave rise to a sloping oscillation, tending 
to overturn any portion which projected above the line of slope ; that 
where the strength of a sea wall depended on the pressure of tbe super- 
incumbent masonry, and tbe adhesion of mortar and cement, the position 
of greatest stability was vertical ; and that when the strength depended 
on tbe weight of the individual stones, the position of greatest stability 
was a very flat slope. 

In the discussion which ensued, instances were adduced of the duration 
of vertical walls under the attacks of heavy seas, and, on the other hand, 
of their destruction when flat slopes had effectually resisted the waves ; 
and it was agreed that in this, as in all other cases of engineering, no 
empirical rules should be laid down, but that the skill of the engineer 
should be exerted to adopt such forms of construction as were best adapted 
to the locality and the circumstances. 

March 21. — The discussion on Mr. Rankine’s paper was continued. 
Letters were read from Mr. Maclean, describing the Barras and Piel sea 
embankments; and from Mr. Macdougall Smith, on the importance of 
using stone of great specific gravity in sea-works. 
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Mr. Bateman Mated the necessity of using hard and toogh stonea, 
which would resist disintegration by the friction of the shingle mored by 
the waves. 

Mr. MuaRAY corroborated the statements of Mr. Bateman, and recom- 
mended groynes as the best means of collecting sand and gravel, to protect 
exposed coasts, and the foundations of sea-works. 

Mr. Rankinb replied to some of the remarks which had been made. 
He referred to Mr. Scott Hassell's paper on sea walls, as being partly con- 
firmed by his observations. He disavowed the intention of laying down 
universal rules for the construction of breakwaters in deep water, from 
observations on walls built on a flat beach ; but, to show how the princi- 
ple of such walls could be applied, he referred to the Cherbourg break- 
water, where the top of a stone embankment formed an artificial beach, 
on which a vertical wall was founded. 

The paper read was descriptive of A Method of Setting out a Rail- 
way Junction By A. Beaulands. 

The object of the paper was to supply a methodical rule for setting out 
that portion of a branch line of railway included between the rails of the 
main line. The author observed, that in all ordinary cases the curve of a 
branch line could not be set out from the main line, which was supposed 
to be straight, by the ordinary methods of setting out railway curves, 
since the junction was required to make an offset of 4 to 5 inches on the 
length of the switch-rail, which was much greater than the offset made 
from the taogent in the same length by a curve of moderate radius, so 
that it was necessary to make the junction line start abruptly at a finite 
angle with the main line. He, therefore, considered the junction-curve, 
to be determined by its passing through three given points — namely, the 
two extremities of the switch-rail, and the furthest point of crossing ; and 
from these data, he showed how the radius and centre of the circular arc 
might be found, as well as the positions and angles of the various cross- 
ings. To render the method more easy of application, the author gave a 
table, calculated from the principles and formulae laid down in the paper, 
assuming an ordinary form of the switch, and a series of valves of the 
lead, a distance of the furthest crossing extending to the greatest limit 
likely to occur in practice. 

In the course of the discussion which ensued upon this method, as com- 
pared with the ordinary system of setting out junctions by a comparatively 
empirical rule, well understood and practised by the platelayers on rail- 
ways, Mr. Wyld’s switch was alluded to, and exhibited. In this switch 
all notching and inequality in the bearing surfaces of the fixed rails were 
shown to be avoided, by the ends of the tongues being housed under such 
surfaces, instead of being notched into them : the tongues being conse- 
quently at their points, and for some distance between them, lower than 
the fixed rails, exercised when they were weakest merely a lateral action 
against the wheels, without bearing any of the weight of the passing trains. 
Several engineers who had employed these switches extensively, expressed 
themselves relative to them in very commendatory terms, and stated that 
they were not only manufactured in a very superior manner, but that their 
action was very perfect, and that they tended greatly to the prevention of 
accidents in railway travelling. 

ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

Feb. 21— The Earl dk Grby, President, in the Chair. 

Mr. G. Bailey, the honorary secretary, read the report of the council re- 
lative to the medals for the session 1847-8. 

With reference to the Rotal Mbdal, it was stated that, in pursuance of 
notification io the various publications, English and foreign, — “On the 
31st of January, 1848, thecouncil met to receive nominations and applica- 
tions of candidates, when sixteen names (eight Englishmen and eight 
foreigners) were given io and considered. The meeting being adjourned to 
the 14th of February, the claims of the several candidates were farther con- 
sidered ; and a ballot being taken, the majority of votes were found to be in 
favour of Mr. Cockerell ; and it was accordingly—* Resolved, That the 
Royal Medal of the Institute be awarded to Charles Robert Cockerell, 
Esq., R. A., Professor of Architecture in the Royal Academy of Arts, London, 
Member of the Royal Institute of France, &c., in testimony of his distin- 
guished merits as an architect.’ 

For the Silver Medal of the Institute, offered for the best essay 4 On the 
application of sculpture and sculptured ornament to architecture, and the 
principles which should regnlate their introduction into buildings generally, 
both with regard to beauty of embellishment and propriety of style,’ — 
Three essays have been received, distinguished by the following mottos : 
No. 1. * Junius — No. 2. 4 Rule;*— No. 3. 'Nisi utile est quod faceinus frustree 
est gloria / 

The three essays display much ingenuity and a praiseworthy habit of ob- 
servation ; they contain many judicious observations on the higher branches 
of sculpture, but in general the remarks are too indefinite, and are deficient 
in the illustration derivable from immediate reference to examples. 

The authors appear to have mistaken the immediate aim of the question 
proposed the subject is of a practical and positive nature, in relation to a 
specific architectural purpose, and was not intended to elicit a disquisition 
upon the abstract attributes of sculpture. 

Sculptured ornament, a most important section of the programme, appears 


in two. of the papers to have totally escaped the attention of the writers, 
and in the third is only casually alluded to. 

The eouneil, however, ere of opinion that the author of the essay headed 
4 Junius ’ has evineed considerable talent, and that he it justly entitled to 
the medal offered. 

For the Soane Medallion, the subject being 4 A design for a building 
to contain public baths on a comprehensive scale, with all suitable accessories, 
and combining the magnificence of the ancients with the usages and puposea 
of modern times/ — Five designs have been received : — A. Four drawings and 
MS. description, motto 4 Quod potui perfeci . No. 1/ — B. Four drawings, 
motto 4 Quod potui perfect — C. Six drawings, motto 1 Ne nimhtm ex - 
peetes annis prudentiee crescitJ — D. Three drawings marked 4 Aquarius .’ 
— E. Two drawings and MS. description, marked 4 Christophorus* 

The council cannot refrain from noticing the little attention which appears to 
have been given by some of the candidates to the printed conditions, and 
particularly as respects the adaptation of the buildings, 4 to the usages and 
purposes of modem times.’ 

Although the several desigus are formed on a scale sufficiently compre- 
hensive to embrace all imaginable as well as suitable accessories, in some no 
indication is given of provision being made for the varieties of medicated 
or other baths so much in use at the present day ; nor reservoirs, nor the 
requisite apparatus for heating the large quantities of water that would be 
required to supply such extensive warm and tepid baths as are shown in the 
drawings ; neither are chimneys or shafts provided to carry off the smoke, 
steam, &c., which it would be impracticable, under any circumstances, to 
consume. 

The council are of opinion that the design marked 4 Christopkorus ’ pos- 
sesses, on the whole, the greatest degree of merit, notwithstanding the un- 
favourable manner in which it is represented in the drawings of the eleva- 
tions and sections, and sufficient to justify the bestowing on it the award 
offered.” 

The author of the essay marked 44 Junius” is Mr. Henry Bayly Gar- 
ling, associate ; and of the design marked 44 Christopkorus ,” Mr. Jambs 
M*Laren, of Edinburgh. 

Mr. Penrose read a paper 44 On some of the Geometrical Lines and 
Optical Corrections of the Greek Architects which will be given next 
month. 

March 6.-— C. Fowler, V.P., in the Chair. 

A paper was read, 44 On the Ancient Buddhist Architecture qf India.” By 
J. Fergusson, Esq. 

Mr. Fergusson commenced by showing that the generally assumed prime- 
val antiquity of Indian buildings was not borne out by facts ; as the oldest 
monuments in the country, whether cut in the rock or structural, belonged 
to the Buddhists, and the founder of that religion died only 543 b.c. : and 
that even that date was too early, as it did not become the religion of the 
state till after 250 b.c., in the reign of A6oka, — by whom the earliest monu- 
ments hitherto found in India had been erected. After showing that there 
was no real similarity between the architectural styles of Egypt and India, 
he proceeded to point out that the latter country was occupied by two dis- 
tinct races of people, — the one aboriginal, and occupying the southern por- 
tion of the Peninsula ; while the other, or Indo-Gerraanic race, came into 
the country, at a tolerably recent period, as conquerors or colonists, and 
settled in the valleys of the Indus and Canges. It was among the latter race 
that the Buddhist religion arose and flourished for more than a thousand 
years, or from before 250 b.c, till after 750 a.d., — though at the time of 
the Mohammedan invasion it seems to have been entirely extinct ; and now 
there was not a Buddhist, or an institution of that religion, in the country 
of its birth. After alluding to the curious fact of the names of Ptolemy 
Antiochns, and other Greek kings, being mentioned in the inscription of this 
Asoka, Mr. Fergusson dwelt for some time on the existence of a purely 
Greek honeysuckle ornament being fouod on the pillars set up by this king 
at Allahabad, and on which one of his inscriptions is engraved. He then 
proceeded to classify the religious edifices of tbe Buddhists, — dividing them 
into three classes, the first being the Topes, or Dagobas, large domical 
buildings erected to contain toUcs, many of which still exist in Afghanistan 
and Ceylon as well as India. After describing tbe various parts of a dagoba, 
Mr. Fergusson showed how the tee, or ornament on the top of them, gra- 
dually became taller and taller, till it became a three or nine storied tower, 
not only in India, but in China, —at in the instance of the celebrated Porce- 
lain Tower at Nankin. The circular inclosure of the topes was next illus- 
trated, from a carious example at Sanchee, in Bhopal, which still retains its 
singular gateways. These likewise were shown to be the original of the 
Pailoos, or what are impropetly called the triumphal arches of the Chinese. 
Tbe next class of monuments were the Cbaityas, or churches, which in India 
are known to nt only from the caves ; as are also tbe third class or Vibaras, 
or monasteries, — which served as residences for the priests, and of which 
two or more are attached to every chaitya in every series of csves in India. 
After pointing out their general plans and arrangements, Mr. Fergusson pro- 
ceeded to illustrate the beautiful mode in which the ebaitya caves were 
lighted by one large opening or window over the entrance ; and then ex- 
plained tbe construction of tbe roofs,— which, though always circular in 
form, were never copies of arches (which were not to be found in India till 
long after the Mohammedan invasion), but of wooden construction ; and in 
some of the earlier caves the original woodwork still existed, though in the 
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more modern ones Sts forms were repented in the roek. After concluding 
the Indian part of his subject, Mr. Fergusson pointed out the striking simi- 
larity that existed between the arrangement of the buildings he had been 
describing and those of Stonehenge, — which be had no doubt whatever was 
a Buddhist building ; and he thought every part of that hitherto mysterious 
erection admitted of easy explanation on that supposition. He concluded by 
showing how domes were constructed in India ; and pointed out the simi- 
larity that existed between the Indian examples and the well-known tomb 
at Mvlasae, in Asia Minor — and the curious circumstance that the hog-backed 
Lycian tombs, discovered by Sir Charles Fellows, strongly resembled, not 
only in form, but in construction, those Indian buildings which bad formed 
the subject of the lecture ; while the language of the inscriptions on them 
was a dialect of the Sanscrit, about as far removed from the mother tongue 
as that found on inscriptions in the Indian examples. 

March 20. — Mr. Baton Hodgkinson was elected honorary member, and 
Mr. Thomas Penson and Mr. Edmund Sharpe, M.A., fellows. 

The honorary secretary announced the following as the subjects proposed 
for the medals : — 

“ Her Majesty having been pleased to grant her gracious permission for 
the Royal Medal to be conferred on such distinguished architect or man of 
science, of any country, as may have designed or executed any building of 
high merit, or produced a work tending to promote or facilitate the know- 
ledge of architecture, or the various branches of sciences connected therewith, 
the council will in January, 1849, proceed to award the Royal Gold Medal 
to the author qf some literary publication connected with architecture. 

“ The Silver Medals of the Institute will be awarded — 

*< 1. To the best essay on the peculiar characteristics of the Palladian school 
of architecture, and a comparison and contrast of its elementary principles 
and details with those of ancient art. 

“ 2. On the best manner of covering the roofs and forming the flats and 
gutters of buildings ; the nature of the several materials used in various parts 
of the country for these purposes ; their most effectual and economical ap- 
plication ; the inclination to be given to the different parts, and the other 
practical precautions to be adopted to prevent snow and rain penetrating 
into the building. 

11 The Soane Medallion to the best design for a building to serve as a 
national repository and museum for the illustration and exhibition of the 
productions of the industrial arts. 

“ The successful competitor for this medal, if he go abroad, will be entitled 
to the sum of 50/. at the end of one year’s absence, on sending satisfactory 
evidence of his progress and his studies.” 

Amongst the books presented were an essay, on “ Cyclopean Walls” 
(Kyilopischen Mauem t ) by Dr. Forchammer ; parts of M. Daly’s " Rtvue 
GMrale de V Architecture ,” and of Mr. Fergusson’s beautiful work on Indian 
architecture. The foreign secretary, in commenting on the donations, 
pointed attention to an article in the Revue Q6n6rale, complimentary to the 
Institute for not restricting the competition for the Gold Medal to this 
kingdom. 

Allusion was made to the circumstance that all the impressions of Mr. 
Leitch’s translation of Muller’s “ Ancient Art and its Remains” (of which a 
copy was presented to the Institute at the last meeting), bad been destroyed 
by fire. 

Amongst the letters read, was one from Herr Lange, of Fulda, acknow- 
ledging the honour of his election, and setting forth several subjects on 
which he could afford information, especially the Carlovingian monuments 
(eighth and ninth century), of his neighbourhood, and a collection of terms 
in use amongst the workmen of the middle ages. 

Mr. T. H. Wyatt read a paper on the “ History , Present Condition, and 
Proposed Restoration of Llandaff Cathedral.” 

ROYAL SCOTTISH SOCIETY OF ARTS. 

Feb . 28. — George Buchanan, Esq., F.R.S-E,, President, in the Chair. 

ON CAST-IRON. 

At the request of the council, an exposition “ On the Strength qf Mate- 
rials , particularly Cast-Iron and Malleable Iron , and their application in 
the construction qf Railway Bridges (Fart I.),” was given. By George 
Buchanan, Esq., President. 

On. this subject, so important at the present time from the extensive use of 
these materials in the construction of bridges for railways, and from the new 
and extraordinary forms and dimensions which they are now beginning to 
assume, the council of the Society had requested their President to make a 
communication on the present state of our knowledge and practice, and this 
evening he read the first part of this communication, illustrating his subject 
by various interesting experiments and models, more particularly a large and 
beautiful model, with drawings and elevations, of the high level bridge across 
the Tyne at Newcastle, which, through the liberality of Mr. Robert Stephen- 
son, the engineer of the bridge, he was enabled to exhibit, and to explain 
the situation, extent, and construction of this great work in all its details. 

Mr. Buchanan began by stating that he did not profess to communicate 
tuytbing new or original, but would be happy if he could only draw from 


the stores of information which had of late yean been accumulating on this 
subject, under the hands of very eminent, scientific, and practical men, sueh 
leading facts and maxims as might prove a safe guide for our practice ; and 
such truths, when they became known and established on the unerring 
grounds of experiment and calculation, could not, he thought, be too widely 
disseminated. The various strains might be all reduced to two kinds, ao 
cording as the material is either distended or compressed by any force or 
pressure. From these two all others arise, and either consist or are com- 
pounded of them. The tensile strain is the simplest of all, depending neither 
on the peculiar form of the materials, nor even on the length, but only on a 
single element, namely, the Section of Fracture. This peculiarity of the ten- 
sile force was explained and illustrated. In regard to cast-iron, the result 
of the extensive and interesting experiments by Messrs. Hodgkinson and 
Fairbairn was given, and it was found froaa the mean of 1G different trial* of 
English, Welsh, and Scotch iron, both hot and cold blast, that this material 
will sustain about 7£ tons per square inch before breaking, the weakest spe- 
cimen being 6, and the strongest 9} tons. The limit of fracture, however, can 
never be approached with safety, not even within a long distance, seeing that 
this material is liable to unseen imperfections, and, above all, to snap in a 
moment without distending itself or giving any warning of danger. Mal- 
leable iron, again, is much superior in tensile strength, and, by its remarkable 
ductility, inspires confidence in a still higher degree ; bears no less, at an 
average, by various experiments of Telford and Brown, than 27 tons — the 
weakest 24, and the strongest 29 tons ; but, before the half of this load is 
applied, it begins to stretch, and continues stretching, up to the limit of 
fracture. It is, therefore, not only three times stronger than cast-iron, but 
may be safely loaded with five times the breaking weight, or about eight or 
nine tons. 

In regard to the strength of compression, this depends also, as long as the 
length is limited, on the same element — the Section of Fracture ; but when 
a long rod or slender pillar is loaded or compressed, it is liable to bend, not 
for want of strength, but for want of stability, the least flexure turning it off 
its centre, and breaking it by lateral force, deranging entirely the simple law 
applicable to short lengths. In regard to cast-iron, by far the most satisfac- 
tory experiments are those by Hodgkinson and Fairbairn. The mean result 
gives very nearly 50 tons on the square inch — the weakest 36& tons, and the 
strongest 60 tons. It is thus six times stronger in compression than in dis- 
tension, and hence it is peculiarly recommended for sustaining any superin- 
cumbent weight, as in the case of pillars and of bridges, provided the con- 
struction is such as to resolve the strain arising from the load into a longi- 
tudinal compression. This is often in our power by proper arrangements, 
chiefly giving a sufficient height and curvature to the arch ; but in cases 
where, for the want of head-room, the arch is unduly flattened, or resolved 
into a straight beam or girder, the danger is that we bring the tensile force 
into play, and then the use of cast-iron is objectionable, or at least requires 
extreme caution. No direct experiments have been made on malleable iron 
of short lengths ; but from some facts brought out by Mr. Hodgkinson, its 
strength appears much inferior to cast-iron, chiefly from ductility, whereby 
it gives way mueh sooner under a load. It will bear 27 tons, probably much 
more, without fracture ; but with 12 tons it yields to the load, contracts 
longitudinally, and swells out laterally ; and this is another very important 
fact for our guidance in the use of those different materials. In regard to 
stone, experiments have been generally made on specimens rather too minute. 
Like cast-iron, the crushing strength is superior to the tensile, and hence its 
adaptation for buildings, particularly bridges. Craigleith stone will bear 2} 
tons on the inch, or upwards of 400 tons on the square foot ; Aberdeen 
granite 600 tons. In regard to bricks, he had occasion to make experiments 
in relation to the great chimney of the Edinburgh Gas Works. It became 
matter of consideration whether the ordinary brick could withstand the 
pressure of so lofty a column. Trials were therefore made with a powerful 
hydrostatic press, not on small specimens, but on the actual brick. The 
ordinary stock brick was found to bear 140 tons on the square foot, and the 
common fire-brick 157 teas; but the brick of which the chimney is con- 
structed, consisting, of a mixture of fire-clay and ironstone, bore, a single 
brick on its bed,, no less than 140 tons, equal to 400 tons on the square 
foot. 

The effect of the transverse strain was then considered and illustrated by 
various experiments and models* This strain is a compound of the tensile 1 
and compressive strain, the one part of a beam loaded in the middle being 
compressed and the other distended, and the beam itself becoming a lever, 
and acting often with enormous power against its own strength. Hence it 
became easy to calculate the strength, this being in every case proportional 
in the first instance to the area of the Section of Fracture, and this original 
element modified by the length and depth of the beam, diminishing in exact 
proportion to the length, and increasing in proportion to the depth. 

The transverse strain acting with such severe advantage against our mate- 
rials, various methods have been contrived for eluding its effects, and of these 
none is more remarkable than the principle of the arch, the effect of which 
was illustrated by experiments, and particularly the necessity in flat arches 
of having secure abutments to resist the horizontal thrust, and this was fre- 
quently accomplished, where there is sufficient hlad-room, by uniting the ex- 
tremities of the arch by strong malleable iron rods, in the same manner as 
in the case of the roof, the feet of the rafters are united aud prevented from 
spreading by the tie-beams ; and this is the principle, the securest of all, on 
which the great iron bridge at Newcastle, now in progress, is constructed 
the object of which is to cross the river and valley of the Tyne, on the highest 
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level of the railways on each side, so as to unite them in one uninterrupted 
line from London to Berwick, and unite the termini of the different railways, 
now separated three quarters of a mile or mere, into one grand central sta- 
tion, a little to the west of the ancient Castle. The distance between this 
station and the present terminus of the York and Newcastle Railway is 3,457 
feet, consisting chiefly of the space occupied by the bed of the river Tyne, 
and the steep banks on each side, well known to travellers in descending from 
Gateshead Fell on the south, and Dean Street on the north, both to be now 
superseded by the smooth and level surface of the railway, and by a turnpike 
road running on the same bridge directly under the line of rails. The steep 
banks on each side are spanned by stone arches of a very substantial charac- 
ter, the river and low banks by six metallic arches, all of the same dimen- 
tions and structure, resting on solid piers and lofty columns of masonry. In 
the bed of the river the piers are laid on very solid foundations of piles and 
planking, with concrete, many of the piles 40 feet in length, and driven to 
this depth through hard gravel and sand till they reach the bed of freestone 
rt>ck. Nasmyth’s celebrated pile-driver is in fell operation here, and with 
wonderful effect, and has come most opportunely in aid of the work ; driving 
night and day, at the rate of 60 or 70 strokes a minute, the pile heads being 
often set on Are by the rapidity and violence of the blows of the ram. Piers 
laid 2 feet below low-water mark, and raised about 100 feet to the springing 
of the arches. The arches consist each of 4 main ribs of cast-iron, each in 5 
segments bolted together, and ferming one entire arch 125 feet span, and 
rising 17 ft. 6 in. in the centre, and the level of the rails on the upper plat- 
ferm 108$ feet above the level of high-water mark of the Tyne. Depth of 
the rib 3 ft. 9 in. at the springing, and 3 ft. 6 in. at the crown, with flanches 
12 inches broad, external ribs 2 inches thickness of metal, internal ribs 3 
inches. Total sectional area at the crown 644 square inches, which would 
bear with safety a load of 5,600 or 6,000 tons, and would form, with proper 
Abutments, a strong arch in itself; but fer the fullest security, and to prevent 
the possibility of inconvenience or risk from deflection or vibration, or other- 
wise, each rib is united at the springing by strong malleable iron bars or 
ties, 7 inches broad and 1 inch deep, of the best scrap iron, and in all 24 in 
number. The railway is supported above the arch, and the roadway sus- 
pended from beneath, by hollow cast-iron pillars 10 feet apart, and each 14 
inches square, through which are passed strong malleable iron circular bars, 
binding the whole into one stiff and solid mass. The sectional area of the 
horizontal bars is 168 square inches, which would sustain upwards of 4,000 
tons without breaking, and 1,500 tons with perfect safety, but the whole 
weight of the bridge will not exceed 700 tons, leaving 800 tons of surplus 
strength. The railway, which is at the summit level, runs on a level 4 feet 
above the crown of the arched rib, and is supported in the middle by hollow 
cast-iron trough girders resting on the top of the pillars 10 feet apart, and 
united by longitudinal timbers laid with strong planking. The roadway runs 
nearly on a level with the malleable iron ties, leaving a space of about 20 
feet dear head-room. 

In the whole of the work the utmost pains has been bestowed on materials 
and workmanship, and in making everything complete, the surfaces, which 
abutt together, being regularly planed or turned, as in machinery ; and, from 
all the arrangements, the most successful results may be anticipated from 
this bridge. The cost of the iron work and roadway, by the estimates, 
comes to £112,000, and the contracts for the bridge and viaducts to some- 
hing above £300,000. 


CONWAY BRIDGE, CHESTER AND HOLYHEAD 
RAILWAY. 

We give the following details of floatiog the tubular bridge at Conway, 
on account of their highly interesting character. Next month we hope to 
be able to give full particulars of the raising of the tube and the ma- 
chinery. 

In sight of a large concourse of people, coveriog the whole space of the 
suspension-bridge, the towns and walls of the noble old castle, and the 
fields in the background of the spot on which it was built, the wonderful 
effort of science, the tube-bridge, was floated at II a.m., on the 6th ult, 
and moved from the piles and stays on which it was constructed, and 
feirly brought into the tide-way of the Conway, while its flood-tide was 
running at the rate of at least two miles per hour. It appeared to float 
with the greatest ease, and not immersing the six pontoons on which it 
rested (three at either end) to within at least 3 feet of their decks. The 
precautions taken by Capt Claxton, R.N., to whose sole direction the 
transporting of this enormous mass was committed, were admirably con- 
trived to keep the machine suspended over the fixed piers, to await, as it 
were, the decision of the engineer as to whether the perilous step of 
launching into the deep (for deep indeed is the river, 12 fathoms at low 
water) should be proceeded with, or whether the valves should be lifted, 
and the tube dropped, as it were, again in place, upon its piers — many cir- 
cumstances appearing to bear upon that determination ; the strength of 
the current; the height to which the tide promised by its comparative 
rising; and the strength of the wind. At about 11 a.m., however, the 
tide appeared to slacken, and the resolution was formed, for all at once 
the chains and ropes were hove upon, and in ten minutes it had pased that, 
the first Rubicon— gradually but steadily it approached the site intended 


for it. Mr. Stephenson, with Mr. Edwin Clarke and Mr. Brunei, accom- 
panied Capt. Claxton, who directed the proceedings. He used two figures, 
of large dimensions. Nos. 1 and 2 : when the red side was shown of the 
former number, a capstan fixed on the road from Conway to the tube works 
was hove upon ; when the white side was shown the heaving stopped, and 
a similar operation with No. 2 governed the operations of a powerful 
capstan (lent by the Admiralty), fixed on the railway on the Chester side, 
with its rope made fast to the inside of the tube, on that end. In the 
pontoons three enormous masses of timber, 05 feet long by 25 feet wide, 
and 8 feet deep, bound together by powerful crabs worked by 44 men, 
hove upon the chains, which had previously been tightened up by a large 
crab, at which a dozen or more men strained with their utmost efforts at 
either end on shore, one end of each chain being fixed at the piers of the 
suspension-bridge, while the other ends were fast to the aforesaid crabs, 
on the opposite side of the river : on these chains the pontoons appeared 
to traverse. The western, or Conway end, was pointed first, bnt did not 
come quite home afterwards. The eastern, or Chester end, was dropped 
in after, or while the ebb was making ; but before it reached by about a 
dozen feet the exact berth, it took the mason-work, and no effort could 
disengage it Nevertheless, it was over its bed sufficiently to be landed 
and bedded up with timber previously prepared from a lower bed, which 
bad been provided in case the tide should fall before the upper bed could 
be reached. The most extraordinary efforts were made with screws and 
tackles, no less than four of which latter were at one time applied, besides 
the Chester side crab, mauned by 60 people, while the tide was falling, to 
overcome the obstacle ; but they appeared to be ineffectual, and Capt. 
Claxton was heard to give orders for bedding up, which was Bpeedily ac- 
complished. The barges were then sunk a little, and the noble fabric 
rested very near the hydraulic presses which wre to be used in raising it. 
Eighty men were in each set of pontoons— one set commanded by Capt. 
Douce, R.N., an assistant of Mr. Brunei, and the other set by Lieut. 
Blatcbley, R.N., the crews under them performing the principal work, 
being sailors from the “ Home,” of Liverpool. In the tube attending the 
hawsers, were the officers and some of the crew of the Groat Britain. 
On the top, on the Conway side, Mr. Fairbairn, of Manchester, had the 
direction ; and on the Chester side, Lieut. Glenny, R.N. The great dif- 
ficulty to be overcome was apparent — the small space to play in — for on 
the Conway side it wants 9 inches, by actual admeasurement, of being 
home, or in place ; while on the Chester side, it is fairly jambed against 
the masonry — so that in fact there were barely 9 inches free in 400 feet. 
No sooner had the tide fallen sufficiently than the obstacle to the exact 
fixing in position became apparent to all. The inner pontoon was butting 
at its end against and partly on a rock. It took the ground which had 
been blasted away from the solid rock in consequence of having got a 
little twisted previously to starting, we were assured full 4 feet. On the 
Ilth ult., the tube was again floated by the pontoons, and was finally 
placed with its two ends resting upon the shelves of masonry constructed 
to receive it, prior to its being raised to the elevation at which it is placed, 
about 15 feet or 16 feet above. The lifting of this enormous mass of iron, 
which weighs about 1,300 tons, is to be effected by two hydraulic presses, 
with 18-inch rams, and pumps f of an inch diameter. These pumps are 
to be parked by steam-engines, which will give a pressure equal to 3 tons 
ou the circular inch, or a total lifting power for each press of 972 tons, 
which, of course, will be amply sufficient for the purpose. Each press 
has a lift of 6 feet ; and, as the ends of the tube rise, the masonry which 
is intended to support them will be carried up from the shelves on which 
they now rest. 


AUXILIARY STEAM-POWER FOR VESSELS. 

Sir— I n consequence of the great extension of railways, and the facility 
they give for quick transit of goods, they are operating seriously against 
the shipping interests and coasting trade ; and unless some mode can be 
adopted by which coasting vessels can be made to compete with the rail- 
ways, this trade will be completely destroyed, which will be a serious 
loss to many harbours, and also the mercantile interests of the country ; 
as railways will obtain not only the light and best-paying goods, but also 
many of the more bulky articles, in consequence of the want of regular 
sailing traders. 

I think it would be interesting to many of your readers who feel a deep 
interest on this subject, to ascertain what has been done in many places 
by employing small steam-power auxiliary to sailing vessels ; and as you 
have the means of doing so, I have taken the liberty of directing your at- 
tention to this important subject, which many of your correspondents could 
easily supply, and answer such queries as the following : — 

The be6t system of applyiog auxiliary steam-power to vessels in the 
coastiog trade, of 150 to 200 tons burden per register? 

A description of any such ? 

Whether wood or iron preferable, and the cost ? 

The size of engine or horse-power, and whether applied to screw or 
paddles ? 

The draught of water, &c. &c., and any particulars as to the trade 
they may be engaged in, and how they are answering? 
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N.B.— Some time ago, a vessel was tried on the Thames (no notice of 
which has been taken in the Engine*?* Journal), * called the Albion, with 
a new system of propellers, patented by a Mr. Simpson, which was very 
favourably spoken of as being adapted for the purposes referred to by me. 
— Could you state any particulars connected with it? 

Trusting you may not consider my suggestions as out of place, and 
that any notice you give in your Journal of such improvements, will be 
very interesting, and give much information to many of you readers, 

I remain, &c. # 

A. B. 

[* We were not present at the experiment, and not having much faith In newspaper 
reports, is the reason we have not noticed them.— Ed.] 


NOTE8 OF THE MONTH. 

An hydraulic telegraph is now being exhibited in the arcade at Exeter 
Change. It is on every small scale, but works well. 

On the Monmouth and Hereford line, a wooden bridge over the Wye is 
to be erected, at a height of 50 feet above high-water mark. The embank- 
ments are now in a forward state, and the frame-work is being prepared at 
Bristol. 

Mr. John Fairfull Smith, secretary of the leading Glasgow railways, has 
addressed a letter to the Lord Provost, in reference to the late riots, and 
urges the necessity of aid, by a government loan being given to the railways. 
He says that 10,000 men, who are now supported by the public, might be 
employed on the railways in the neighbourhood of Glasgow, which are 
stopped by the state of the money market. The same views are spreading 
among the railway interest, and the mischief is felt of the repressive mea- 
sures which were connived at by the established companies, thinking they 
should not feel the pressure. We always deprecated the government 
tampering, and the propriety of the cause we have advocated is fully jus- 
tified by events. We do say the great question is, whether so many hundred 
thousand powerful and uneducated men should be left in a state of idleness, 
or whether they shall be employed on public works ? They are already 
maintained by their own savings, by the contributions of their friends, by 
credit given by the small shop-keepers, or by theft, or in jail, or in the work- 
houses. The question is not one of finding mere food, but of giving work 
which shall do good to the common stock, and put the men in a happier 
condition. We hope the legislation will immediately be amended, the 
power of sueing for calls be withdrawn, and the power be given of allowing 
interest on calls, likewise a further power of raising money on debenture, or 
on loan notes. As the government have by their measures brought railway 
works to a stand, or dead lock, temporary and exceptional measures might 
be allowed, in order to set the machinery of investment again in action. 
We would even countenance the issue of railway notes, which should be a 
legal tender for all railway payments and calls, or the advance by govern- 
ment of exchequer bill loans ; though on all ordinary occasions, we have 
always been opposed to their interference in any shape. The abolition of 
the Railway Board, founded on wrong principles of legislation, and calcu- 
lated to preserve their memory, we consider an essential preliminary to a 
healthy course of action on the part of the government to the railways. 

The electric telegraph is now taken up by the publicans. A dial is used 
in a smoking-room, marked with the various articles wanted, and correspond- 
ing with a similar dial in the bar. 

A Royal Institution of Engineers has been founded at the Hague, which 
has two hundred members. 

On Annealing Glass Tube* . — M. Bontemps read a paper at the Industrial 
Society of Mulhausen, on the causes of the breaking of glass tubes and cy- 
linders. In order that a glass tube be in good condition, it is necessary that 
the interior particles should give way at the same time as the exterior. 
For this purpose, the tubes — such, for instance, as thermometer, baro- 
meter, and pressure-gauge tubes — are placed in a baking or annealing 
furnace, called the baking furnace, a brick casing of 6 inches diameter, and 
the length the tubes may require. This furnace is heated at one end to a 
dull red heat, at which the glass is nearly malleable, but not put out of 
shape ; they are then (being in sheet-iron carriages, on wheels) drawn gra- 
dually to the cool end of the furnace, but so slowly, as only to traverse the 
distance in from 15 to 24 hours, according to the nature of the glass thus 
drawn gradually through a diminishing temperature to that of the at- 
mosphere. There is a vast difference between glass baked and that un- 
baked — the latter is not so homogeneous, and polarises the light in passing 
through it. By applying, therefore, a fragment of a tube to a polarising 
apparatus, it can be ascertained if the tube has been baked. 

A Rare Shot . — Commander Mackinnon in his “ Steam Warfare on the 
Parana,” mentions the following almost incredible instance of a shot passing 
throngh both of the paddle-wheels of his vessel, without touching any part 
of either : — " It struck the paddle-box on the enemy’s side, 3 feet or 4 feet 
above the shaft, went clean through the wheel without touching any part 
of it, and then passed across the deck and through the other paddle-box, 
not above 18 inches from the shaft, still not touching a single blade, or any 
portion of the paddles. At the rate the wheels were revolving (about 17 
times a minute), it appeared quite impossible to fire a pistol-ball through 
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without striking some part of them ; and yet this 18 lb. shot had gone 
through both wheels, leaving no mark but the hole at entering on one side 
and departing on the other. 

Curious Phenomena of Fire . — At the Royal Institution, on the 1 7th of Feb- 
ruary last, a furnace was erected for the purpose of making some experi- 
ments on glass manufacture by Mr. Pellatt. In consequence of some accident, 
the lecture-room was nearly set on fire, but by timely aid the flames were ex- 
tinguished. After a lecture at the Institution on the following Friday, Prof. 
Faraday called the attention of the members to two circumstances of philo- 
sophical interest which had happened during the momentary apprehension 
of fire. — 1. At three different times the water poured on the cinders of the 
temporary furnace, when, on the fire being drawn, they fell on the hearth, 
became decomposed by the ignited carbon ; and the hydrogen, driven by the 
sudden expansion of steam, Ac., having penetrated the hot and porous 
hearth-stone, found its way to the heated beams and space which were im- 
mediately beneath. — 2. This gas, though not in the state of flame as it 
passed through the hearth-stone and pugging, was after being mixed with 
the air below sufficiently hot to enter into combustion, — producing three 
gushes of flame downwards from beneath the hearth : — and it was experi- 
mentally shown that a temperature so low as barely to scorch paper, and in 
which the hand may be held for some seconds without inconvenience, is yet 
able to ignite a jet of coal or hydrogen gas in air. 

Liverpool Waterworks, — The two Companies which supplied the town 
with water, and the Corporation of Liverpool who were empowered by Act 
of Parliament to purchase the existing interests for the purpose of taking 
the whole supply into their own hands, appointed Mr. Robert Stephenson aa 
sole arbitrator to determine the amount of compensation to be paid to each 
Company. After a patient hearing of all parties, and a minute inquiry inte 
the works, he has made his award, by which the Harrington Water Company 
are to receive £330,719 and the Bootle Water Company £354,000. The 
former claimed £570,000 and the latter £354,000. 

Carlton Club Designs, — A correspondent informs us that in a former 
number of the J0umal t we were in error in attributing to Mr. Sidney Smirke 
the “ sole designing” of the Carlton Club, now erecting in Pall Mall, as well 
as “ the adaptation of Sansovino” in the exterior. He also states that the 
designs were entirely completed and sent in under the arrangement of the 
late Mr. Basevi and Mr. Sidney Smirke, during the lifetime of the former,-— 
and that though Mr. S. Smirke may possibly make some deviations from 
their Joint arrangement, yet the designs are, in the main, to be executed as 
agreed on between them. 

Prevention of Accidents in Coal Mines. — The Staffordshire Mercury de- 
scribes an invention by Mr. Edward N. Fourdrinier, of Cheddleton Mill, a 
very simple and ingenious, but important contrivance, for preventing the acci- 
dents which are constantly resulting from the breakage of the chain or 
ropes, and drawing the skip over the pulley, or the whirl, or run. The ap- 
paratus is now in daily use at one of Mr. Sneyd's pits, at the Sneyd-green 
Colliery, between Hanley and Burslem. In one instance the merit of the 
invention was fully tested by the chain being unintentionally drawn over the 
pulley ; no disastrous consequences, however, resulted, the skip or rather 
cage being detached from the chain, and remaining safe on the guides. A 
heavy load was subsequently lowered about 40 yards down the pit, and the 
chain cut at about 20 yards above the surface, by which means no less than 
60 yards of chain fell down the shaft. A man having been let down by a 
rope to ascertain the result, found the machine perfectly secured, and the 
chain safely coiled on the top of the cage in which the man ascends and 
descends. The man immediately attached the rope to the chain, which 
having been drawn up and repaired, was again let down and fastened to the 
apparatus. The whole was then safely drawn up, with the man in the skip, 
the experiment having occupied no more than 20 minutes, and no injury 
whatever having been sustained either by the machine or the guides. There 
can be but one opinion as to the great advantages to be derived from the 
general adoption of this invaluable invention, and it is to be sincerely hoped 
that no time will be lost in making this arrangement for the more effectual 
preservation of human life. 

On the ElectrcBronzing qf Metals.— UU. Brunei, Bessin, and Gaugin 
presented to the Acmdemie des Sciences, at Paris, specimens of metals 
bronzed by electro-chemical means. M. de Ruolz, in 1841, communicated 
to the academy a process for bronzing metals, by depositing upon them, by 
the aid of the galvanic battery, layers, more or less thick, of brass or of 
bronze. This process, which required the employment of the double alka- 
line cyanides of copper and zinc, or of copper and tin, was not adopted in 
practice, on account of the great expense of the cyanides, and for o ther 
reasons. MM. Brunei, Bessin, and Gaugin, have substituted for the cyanides, 
a solution in water, of 500 parts of carbonate of potash ; 23 chloride of 
copper ; 40 sulphate of zinc ; and 250 nitrate of ammonia. To produce 
bronze, a salt of tin is substituted for the sulphate of zinc. By means of 
these solutions of brass or of bronze, a coating can be given to cast or 
wrought-iron, steel, lead, zinc, tin, and alloys of these metals, with one 
another, or with bismuth and antimony, after a previous cleaning according 
to the nature of the metal. The operation is conducted with a cold solution* 
The metal to be coated is placed in connection with the negative pole of a 
Bunsen battery, a plate of brass or of bronze being employed at the positive 
pole. When the objects have been covered with a coating of the metal as- 
sired, and have received their proper colour, they will be found to rival tne 
finest bronzes. 
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The Ventilometer.— kn instrument the invention of a French naval 
officer. In command aft La Rochelle, where U haa been tried during four yearn, with sin- 
eularly true reenlfte, and found to be a moat rateable marine instrument, whereby the 
crews and ships stationed off the coasts may often be saved— the officers haringsereral 
hours* notice, and knowing when to run out to sea or into harbour. The instrument 
itself, exteriorly, exactly resembles a mariner’s compass j and, haring been fixed jiue 
north, the needle will take up its position, and whatever point it designates, that wind 
will arrive in the 24 hours, but generally within the 12 to) 18 hours; according to the 
time that the needle remains at such point, so long will the wind blow from that quarter} 
and according to the inclination of the needle from its horisontal and natural position, 
so will be the violence of the wind. The principle upon which the ventilometer has 
been constructed serins feasible. The magno-electric fluids surround our globe, and their 
direct action is visible lu the workings of the mariner's compass. Winds beiug the re- 
suit of electrical changes, are produced by a disturbance in these fluids, and continue 
until the exact equilibrium is obtained; neither do these winds burst forth immediately 
over our heads, but take their origin within a circle of immense ci rcu m feren ce—taki n g 
our own position as the centre. Any undue action in any part of the fluids within this 
circumference, will have more or less influence upon the whole ; but our ordinary senses 
cannot mark these changes, although we sometimes find nervous invalids remarkably 
sympathetic, and able to fortell what the healthy man cannot— yet, when the change does 
arrive, a few hours afterwards he is obliged to admit his own grosser senses. The deli- 
cate mechanism of the ventilometer forms itself into the centre of a certain undefined 
circumference, but the extent of whose influence does not exceed a space of 24 hours ; 
an y change taking place within this circle is notified — so that, suppose the vane to be 
pointing north, but that the ventilometer at the same moment points to south, then, 
within the 24 hours, the south wind will blow ; bnt the ordinary change is from 12 to 18 
hours, and should the ventilometer remain for hours, or days, at the some point, the same 
wind will continue blowing ; but when It changes within the 24 hours, the wind will 
change also. This instrument is not influenced by the lighter breezes ; when a strong 
wind blows, the needle, or indicator, is horisontal— but as the winds, or atmospheric 
changes, gradually increase in violence, the point is elevated by the weight of the atmos- 
phere, and thus not merely preindicetes the wind that is to blow, but Its exact strength 
and duration. If the principle be proved to be correct, then, possibly, improvements 
may be made, by which even the highest breeses may be preindicated. It is about to be 
tried by the Admiralty. 

Sulphate of Iron for Purifying Gas . — M. Martens, of the University of 
Louvain, has made a discovery in the use of sulphate of iron for the purification of coal 
gas. By this arrangement, the gas passes through two purifiers : in the first is placed 
1 cwt. of sulphate of iron, dissolved in 83 gallons of water, and in the second milk of 
lime, made by adding 83 gallons of lime to 375 gallons of water. On passing from the 
second purifier, the gas is almost completely deprived of its sulphuretted hydrogen, that 
it scarcely changes the colour of paper moistened with a solution of oxalate of lead. By 
this process, there Is a greater deposit of tar in the solution than when water alone is 
employed ; and there is a much more abundant condensation of aqueous and ammonlacal 
vapours— so that during long-continued frosts, the pipes have been kept entirely free 
from ice, which causes considerable trouble and expense. The cause of tar depositing 
In a ferruginous solution more readily than In water, arises from the sulphate of iron 
having a greater affinity for the tar, which it condenses, and carries down with it ; and the 
greater condensation of vapours contained In the gas is caused by a more complete 
absorption of ammonia, which always has a tendency to mix with other vapours. The 
above quantity of sulphate of iron Is sufficient for purifying the gas from 25 to 27 tons 
of coal ; the solution is then so Impregnated to saturation, as to require changing. It la 
probable the residue of this plan may become a valuable article of commerce. 

While Paint Manufactured from Antimony. — At the Liverpool Polytech- 
nic Society, Mr. J. A. Forrest described a new mode of manufacturing white paint 
of an excellent body, superior to that manufactured from lead. It is made from oxide of 
antlmouy, and has many advantages. He had ascertained, that though it was now 
high in price, were there a demand for antimony, that metal could be obtained in abund- 
ance at about jC \ 2 a ton, whereas the lead used costs jff24 10s. The new paint was, 
consequently, much cheaper; it waa not so apt to lose its colour, and would spread over 
a much larger surface than an equal weight of the paint manufactured from lead. 

Sound made Visible. — A* method has heen discovered and matured, by 
which sound will be mode visible to the human eye, its various forms and waves demon- 
strated to sight, and the power to discriminate between the tones of one musical instru- 
ment and another be as complete os to observe the action of water when disturbed by 
any material cause. The experiments are likely to be ere long repeated In the Royal 
Society. The exhibition of effects on fine sand has probably led to this astonishing 
issue. 

Friction Hammer. — A novel machine, just completed, is now at work at 


the Great Western Works, at Bristol, the invention of Mr. John Jones, manager of the 
works, who also invented the "Cambrian Engine.** The machine Is celled a “ Friction 
Hammer,’* and consists of frames of cast-iron, in which are vertical slides acting as guides 
to the hammer, aud also supporting the machinery necessary fer putting the hammer in 
motion. The hammer consists of a plane bar of flat wrought-lron, so arranged as to 
work in the slides, and Is raised by means of two vertical rollers turning In opposite 
directions, which are made to bear upon the bar by on exceedingly simple arrangement 
of levers. A slight pressure upon the handle of one lever raises the hammer to any 
height not exceeding 7 feet ; the pressure being removed it falls by its own gravity ; this 
lever is also arranged so as to stop the hammer In any part of its descent, should circum- 
stances render it necessary. The friction rollers are put in motion by means of straps 
and pulleys, fly-wheels being also fitted on each strap. 

New Method of Treating the Ore of Platinum . — Instead of the tedious 
operation of obtaining pure platinum from the ore, employing 8 or 10 parts of acid to one 
of platinum, M. Hess suggests the following as an Improvement :— Melt oue pnrt of 
platinum ore with two or three of zinc, which will form an alloy very friable, ana easily 
reduced to a fine powder. This powder is then to be sifted, and on it poured dilute sul- 
phuric add at the common temperature of the atmosphere. The temperature is then 
gradually raised, and the metals allowed to macerate ns long as there is anything to dis- 
solve ; the add in a short time separates all the zinc from the alloy, and the principal 
part of the Iron contained in the ore. A solution is obtained In which hydrosulphuric 
add produces no precipitate. Having poured off the liquid, the residue Is a line powder, 
which, having been well washed, is treated with nitric acid, which dissolves the copper, 
and other foreign metals ; the platinum Is then dissolved in uitrochloiic acid, and theu 
proceeded with in the usual way. 

Gas Motive Power . — At the Academie des Sciences a report was read on a 
" gas-propeller,** Invented by the late M. Selligue, iu 1844. It consists of an iron cylinder 
in the form of a fj — one end is closed ; water is poured in to a certain height, and in the 
open end is placed a piston and rod, in the usual manner. On introducing any explosive 
gases over the water, in the closed end of the tube, and effecting their combustion, the 
resulting gases press, by their sudden expansion, the liquid on which they rest, and 
ioicc up the piston to a certain height, which Is again depressed by the cooling and con- 
densation of the gas, and the atmospheric pressure on the piston. A regular reciprocat- 
ing motion Is thus obtained, which, of course, can be applied to every description of ma- 
chinery. In closely experimenting on this principle of motive power, It has been found, 
that eight volumes of air, and one of gas, obtained from the decomposition of water, by 
passing steam through cylinders filled with red-hot charcoal, consist of hydrogen, 66; 
carbonic oxide, 28 ; carbonic add, 8. The gas can be manufactured lor one-fifth of a 
halfpenny per 140 quarts, which is considered equal to 8 cubic inches of steam at one 
atmosphere pressure, and costing one halfpenny and three-fifths. The inventor found, 
that 35 quarts of gas, and 280 quarts of air, gave an explosive force equal to 126 tons, aud 
2,400 explosions can be made per hour. 


rn'K&frij. ;T.J LIST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM FEBRUARY 28 , TO MARCH 22 , 1848 . 
Sir Months allowed for Enrolment, unless otherwise expressed. 


Elisabeth Wallace, of Laurel-lodge, Cheltenham, Gloucester, spinster, for “ certain 
Improvements in fadng, figuring, designating, decorating, planning, and otherwise" 
fitting up houses and buildings, parts of which are applicable to articles of furniture."— 
Sealed February 28. 

John Craft Roberts, of Holywell, Flintshire, surgeon, for “a simplified and Improved 
mods of communicating intelligence, by means of electridty and magnetism, combined, 
or not, with steam on railways, between the carriages on the line and the engine or ten- 
der, so that the guards and passengers may give notice to the engineer or engine-driver, 
for the prevention of accidents or casualties, or the mitigation of the evil thereof, and the 
protection of human life and property from loss or Injury ; and, also, of communicating 
signals by the same agency, describing the cause or causes of alarm, and a new mode of 
securing the passage of electridty, for the above purposes, to be substituted or not for 
the side chains, and of communicating intel igence between distant places on the line.**— 
February 28. 

William Palmer, of Sutton-street, Clerkenwell, for “ Improvements in melting fat t 
and in the manufacture of candles.**— February 28. 

Charles Ritchie, of Aberdeen, Scotland, engineer, for "certain Improvements in loco- 
motive and other engines.**— March 2. 

Francis Whishaw, of Hampstead, Middlesex, civil engineer, for “ a certain manufac- 
ture of pipes of earthenware, pottery, and glass, and of certain applications and arrange- 
ments thereof.**— March 8. 

William Exall, of Heading, Berkshire, engineer, for " certain Improvements in thrash- 
ing mschlnes, and in steam-boilers, engines, and other apparatus for driving the same, 
which apparatus is applicable to driving other machinery, part of which improvements 
is a communication, and the remainder is his own invention.**— March 8. 

James Lockheed, of Milton, Gravesend, Kent, for “certain Improvements in ventila- 
tion.’’— March 8. 

Theodorus Cornelius Seeger, Knight of the Order of Reiderlandsche Lion, of Saint 
Gravenhage, Holland, but now of Leicester- square, Middlesex, physician, for “ Improve- 
ments In the construction of railway carriages.*’— March 8. 

William Beckett Johnson, of Liverpool, engineer, for "certain Improvements which 
are applicable to locomotive, stationary, and marine steam-engines ** — March 8. 

Warren de la Rue, of BunhlU-row, Middlesex, manufacturer, for " Improvements in 
machinery used in the manufacture of cardboard and pasteboard.** (A communication). 
—March 8. 

John Houston, of Stepney, Middlesex, surgeon, for " Improvements in obtaining mo- 
tive power by the aid of atmospheric air, and in obtaining combustion.'*— March 8. 

George Royce, of Fletland, Lincolnshire, for “ Improvements in machinery or appara- 
tus for depositing, cleansing, and grinding corn and seed."— March 8. 

George Lloyd, of Stepney, Middlesex, Iron-founder, for "certain Improvements iu 
furnaces and blowing machines, and improvements in engines and machinery for driving - 
the same, which improvements are also applicable to other purposes where motive power 
is required.”— March 8. 

Joseph Maudslay, of the firm of Maudslay, Sous, aud Field, of Lambeth, engineers, 
for " certain Improvements in obtaining and applying motive power, and in the ma- 
chinery and engines employed therein.'*— March 8. 

John M'Conochle, of Liverpool, engineer, and Lonis James Claude, of Bootle, Lanca- 
shire, engineer, for “ certain Improvements in locomotive engines.**— March 8. 

Alexander Alliott, of Lenton works, in the county of Nottingham, bleacher, for "Im- 
provements in apparatus used in the working of steam-boilers, also in apparatus used iu 
cleansing flues."— March 8. 

John Henderson Porter, of Blackheath, Kent, engineer, for " Improvements in iron 
girders, beams, trusses, and supports, and In rendering the floors of buildings fire-proof 
by the use ofiron.” — March 8. 

Henry Bashard Hobdeil, of the city of Oxford, goldsmith, for " Improvements in 
studs and buttons.”— March 9. 

George Coode, of Haydock-park, Lancashire, for "an Improved method or methods 
of distributing over land liquids and substances in a liquid or fluent state, and certain 
improved apparatus and machinery employed therein.’**~March 11. 

John Ashbury, of Openshaw, near Manchester, for "certain Improvements in the 
construction ana manufacture of wheels for nse upon railways and common roads, and 
in the methods of preparing and constructing the tyres used thereon.**— March 11. 

Alexander Alliott, of Lenton Works, Nottingham, bleacher, for “ Improvements ia 
spring apparatus and in balances, also In breaks, and in the means of working breaks." — 
March 14. 

James Porritt, of Edenfield, Lancashire, for "certain Improvements in carding-engines 
for carding wool and other fibrous substances.**— March 14. 

Frederick William Michael Collins, and Alfred Reynolds, both of Charterhouse- square, 
Middlesex, engravers and printers, for " Improvements In the art of ornamenting china, 
earthenware, aud glass.'*— March 14. 

John Hosraer, of New Cross, Surrey, survevor, for " Improvements in apparatus fot 
supplying water and for cleansing drains and setvers.** — March 16. 

George Elites, of Droitwich, Worcestshlre, salt manufacturer, for certain " Improve- 
ments in manufacturing salt, and in apparatus for manufacturing salt.**— March 22. 

William Edwaid Newton, of Chanccry-lane, Middlesex, for "an Improvement or 1m- 

E rovements In making coupling joints for pipes, nozzles, stop-cocks, still and cylinder 
eads, and other apparatus.** (A communication.)— March 22. 

Henry Bessemer, of Saint Pancras-road, Middlesex for "Improvements In the manu- 
facture of glass.*’— March 22. 

William Henderson, of Park-head, Lanarkshire, Scotland, chemist, for " Improve- 
ments in treating lead and other ores."— March 22. 

Joseph Orsi, of Guildhall- chambers, gentleman, for "certain Improvements tn the 
manufacture of artificial stone, cements, ornamental tiles, bricks, and quarries." (A 
communication.) — March 22. 

William James Dailey, of Lambeth, Surrey, lithographer, for " certain Improvement* 
in machinery for propelling.’*— March 22. 

John Lawes Cole, of Lucas- street, Middlesex, for " certain Improvements ia steam- 
engines."— March 22. 
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BLOOMSBURY BAPTIST CHAPEL. 

John Gibson, Esq., Architect. 

( With an Engraving , Plate VII. ) 

Bloomsbury-street now presents a very unusual, if not altoge- 
ther unprecedented, assemblage of church architecture, there 
being there no fewer than three churches — at least, places of public 
worship— together in a line by the side of each other. With 
general similarity of purpose, they display great variety, or we 
might say contrast. That to the north— namely, Bedford Chapel, 
or what used to be so called, and which was originally of a most 
dismal “ tabernacle’* appearance — was merely re-dressed externally 
a year or two ago: a circumstance that perhaps excuses many 
defects and inequalities in the design, the architect being com- 
pelled to retain all the former openings, both doors and windows, 
— and it would seem, the former turret and a bit of the gable also, 
which are seen sticking up most awkwardly over the now horizontal 
line of the front. Were it not for that, and for the meanness of 
the doors, the front would have been passable. 

The second of the three buildings in point of date is the south 
one, — a French Protestant church, with a small residence for the 
clergyman attached to it. For this, the style adopted is Gothic ; 
but the design is exceedingly sober and unpretending, there being 
scarcely anything in it except the large window to give it expres- 
sion. Even that feature is not made so much of as it might have 
been ; for although sufficiently correct as to mere form and com- 
position, it has a tame and spiritless look. 

The Baptist Chapel, which comes in immediately between the 
two other buildings, is by far the most ambitious and conspicuous 
of the three. It is that which announces itself most distinctly as 
a church — in fact, much more as a w church” than as a dissenting 
place of worship, the latter having hitherto generally eschewed 
instead of at all affecting, the ecclesiastical orthodoxy of towers, 
and spires ; while here we have not only tower and spire, but a 
pair of them. And here they produce a most agreeable diversity 
of outline, not only as regards the structure to which they belong, 
but the general group of all the three ; more especially as the as- 
pect of their fronts is an east one, — wherefore they are invariably 
in shadow, except early in the morning. Standing out in bold 
relief against the sky, and catching the light on one of their other 
sides, the towers serve to produce some play of light and shade, as 
well as form and outline. They tell very strikingly in the view 
from New Oxford-street, — perhaps more so just now than they 
will do some time hence, for at present they occasion something 
like surprise also, they seeming to have started into existence aU 
at once, as the building was begun only last autumn. Owing to a 
singularly happy accident — to mere accident, and nothing more — 
one of the towers displays itself very picturesquely from Hart- 
street — near by St. George's, Bloomsbury, — at tne end of a vista, 
formed by a cross-street that runs obliquely from New Oxford- 
street, into Bloomsbury-street. 

The style of this Baptist Chapel is of exotic character to 
English eyes, it being mediaeval Italian or Lombardic ; but whe- 
ther selected on account of its being unlike our own Anglo-eccle- 
siastical style of the same period, we cannot say ; but, we must ob- 
serve, the addition of campanili partakes very much more of 
English Gothic than of Lombardic physiognomy and mode of com- 
position. As our engraving explains the design itself much more 
intelligibly than the most accurate description could possibly do, 
we need not even attempt any; accordinghr, we shall confine our- 
selves to a few remarks. While we readily confess that the. ar- 
chitect ( Mr. John Gibson, whose name was quite unknown to us 
before) nas shown competent knowledge of the style generally, 
we also desiderate more regard to the spirit of it in some of the 
details. The uppermost story of the towers, and the. large cir- 
cular window, are satisfactory enough ; not so, however, the door- 
ways, which might very properly nave be$n made far more im- 
portant features,— important, we mean, not as regards size, but 
with regard to design and execution* Such parts of a building being 
those which are most clearly of all seen, — in fact, those which sub- 
ject themselves to the closest inspection, they naturally demand 
more elaborate ornamentation and finish than others which can be 
seen from, comparatively, only a distance. Such at least seems to 
have been the principle generally observed by mediaeval architects, 
whose doorways ana portals were frequently most profusely 
adorned, even when all the rest of a facade was either featureless 


* When altcraUon «ru going on, It would sorely hare been worth while to remove the 
entrances to the ** wine vaults** beneath the chapel, from the front to the side — or 
better still. If 1ft could have been done, to the rear of the building, where they would haVe 
been entirely out of sight. 
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or left quite plain. The bestowing particular attention upon them 
is indispensably requisite for any adequate characterization of the 
Lombardic style ; more especially as, unlike the Gothic, it affords 
very few resources of design for windows (circular ones alone ex- 
cepted), which were seldom more than mere small single openings, 
without any of that variety and richness which arise from mullions 
and intersecting tracery. If not richer in their general design, the 
doorways of this chapel might very well have oeen considerably 
bolder in their details and execution. Were they more deeply 
recessed, and their mouldings in greater relief, they would make 
a far better appearance. 

The building is of white brick, with ornamental dressings of 
Caen stone. The spires are constructed of timber, and are covered 
with ornamental tiles. The width of frontage is 70 feet, and the 
height to the top of the spires 115 feet. 

The interior affords accommodation on the ground floor for about 
460 persons in pews, with a vestibule and two vestry rooms. In 
the towers are staircases leading to the basement mid gallery floors, 
the whole extent of the former being set apart for two schools, for 
boys and for girls. The galleries occupy three sides of the chapel, 
with an organ gallery on the fourth — these will accommodate 470 
persons in pews, with a separate gallery for 850 children; total 
accommodation, 1,180. 

The span of the roof, clear of supports, is 65 feet. The height 
from the floor to the ceiling is 39 feet. The whole building is 
nearly a square, and covers a superficial area of 5,150 feet. 


GOTHIC WINDOW. 



Sir During the autumn of 1846, in which I stayed some weeks 
at Boppart, on the Rhine, I met with, in an old church at that 
place, a Gothic window, of which I made memoranda. From 
these, a friend has been enabled to send me the inclosed. I now 
forward it to you, in case you may think it worthy of insertion in 
your very useful publication. 

I am, yours, &c., 

... I. J. Chapman. 

Athentrum Club , Pall Mali , 

March 16, 1848. 
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C ANDIDUS’S NOTE-BOOK, 
FASCICULUS LXXX1. 

*• I must hare liberty 
Withal, as large a charter as the winds. 

To blow on whom I please/' 

I. We are never, it would seem, to have more than one view of 
the new Palace of Westminster; for though many representations 
of it— or what call themselves such — have been published in va- 
rious shapes, they are merely copies either of the first one, or of 
each other ; all of them showing only the river front, as taken 
from the south-east. What sort of fidelity and taste stamps such 
barefacedly piratical manufacture, may be more readily imagined 
than decently — at least temperately expressed. Nothing less than 
nerves of iron — or else a thorough callosity of mind that is hardly 
conceivable in such an artist, can enable Mr. Barry to endure 
some of the abominable libels so indicted upon him. Scliinkel, 
Kleuze, Gartner, and other foreign architects, have been similarly 
libelled, and perhaps more grievously still ; but then there are 
their own authentic representations of them, as well as their build- 
ings themselves, to show to those who have no other means of 
judging of them, what the latter really are ; whereas, without such 
incontrovertible evidence to the contrary, some of them might be 
supposed to be the most barbarous and miserable things ever 
erected, — at least, such would be the case were it not that the very 
vileness of the representation comforts us with the assurance that 
the structures themselves cannot, by any possibility, be so hideous. 

II. That plodding adherence to precedent, which is now made a 
sine-qua-non in design by those wnose influence and authority — 
more especially in matters of church-building — amount to dictation 
to architects, has a tendency to operate injuriously to art, in various 
ways. For art — in the worthy meaning of the term — is substituted 
what is or quickly will become mere routine, sufficiently dexterous, 
perhaps, and clever, but still routine. As far as design is concerned, 
all, it may be said, that is now required of architects is, that they 
shall be skilful mimics. Sueh talent will stand them in stead of 
imagination, invention, artistic feeling, contrivance, and much else 
besides. The architect is in fact degraded from his position as 
artist, the exercise of the faculties which such character implies 
being interdicted him, and all that is expected of him being that 
he snail scrupulously adhere to express patterns for the particular 
style he is called upon to imitate. Daily experience convinces — at 
least might convince us that, somehow or other, the spirit of the 
originals is not transfused into the copies, or else the peculiar 
sentiment and associations connected with the former evaporate 
altogether in the latter. Moreover, the example of medievalism 
itself is, so far from affording any precedent for, rather opposed to 
that system of torpid imitation which is now regarded by many 
as the most salutary and efficacious for art. During the middle 
ages, there was continual change and innovation in architecture, 
by means of which transition was made from one marked general 
mode or style to another. So far was precedent from being regarded, 
that not even uniformity of design and style was attended to in edi- 
fices which were carried on by successive generations of builders ; 
and some of which exhibit in themselves, not only different, but the 
two extreme phases of the Pointed style, including, perhaps, por- 
tions in an anterior style, The architects of those days did not 
suffer themselves to be trammelled by precedent — to be tied down 
to repetition and copying, even where tney would have contributed 
to unity of ensemble . Then, instead of that standstill in art, which 
we seem to consider essential to the maintaining it in its integrity, 
all was innovation, progress, productiveness. The art was pro- 
ductive, because artists wrought out of their own minds ; conse- 
quently, infused mind, intelligence, spirit, and spontaneity 
into their productions. They did not then reject new ideas merely 
because they were new, nor the suggestions of imagination out of 
the timid apprehension of being censured as incorrect, if not ab- 
solutely heretical in taste. They did not, as we now do, abide by 
ready-made, and ready cut-and-dried patterns, but designed all their 
details freely, for they employed what was to them their vernacular 
language — their own mother tongue in art, whose character and 
idioms they helped to frame, and in which they expressed them- 
selves instinctively. To us at the present day, the style they used 
has become a dead language ; one in which, by dint of study, we 
may attain to considerable proficiency ; but which we do not think 
in, and which does not supply words and expressions for modern 
things and modern ideas. We may indeed so call it, but mediae- 
val English architecture is no longer our National style, if by 


“National” we are to understand the prevalent style of building 
generally employed by us for all purposes and occasions alike. We 
may be mediaeval in our churches, just as we may be Ciceronian in 
Latin orations at colleges and schools. But we ourselves are all 
the while getting further and further off from mediae valism every 
day. Free Constitutions, Republics, and Chartism, do not indicate 
any great attachment to the spirit of mediaevalism. 

III. We are now, it seems, likely to have, for the very first time, 
a work that shall fairly answer to the character of a Dictionary 
of Architecture, which those which have hitherto appeared under 
such title have been very far indeed from doing, liiey have, al- 
most without an exception, been little better than mere trading 
speculations, — things manufactured for the market ; and some of 
them have been such arrant scissors-and-paste work, that hardly 
any market could be found for them. The epithet, “ Architectural, 
applied to Nicholsons, is little less than an arrant misnomer; 
therefore, I am not at all surprised at the present proprietor of the 
copyright having been told, as I happen to know, by one whom 
he was solicitous to engage to bring out a new edition of it, that 
in order to be rendered at all what it would now require to be, it 
must be entirely re-written from beginning to end, and amplified 
to almost double the quantity of letter-press. As the Dictionarv 
now promised us is to be the undertaking of a society, there is 
reason for expecting that it will be uniformly well-executed 
throughout. Y ery great room for improvement upon everything 
there is at present of the kind either in our own or any other 
language there certainly is, if only because materials have so 
greatly accumulated, and so many matters and subjects have 
come up that ought to be not merely noticed, but treated of pretty 
fully. At the present day it would, for instance, be unpardonable 
to omit such terms, and the information connected with them % as 
Cinque-cento, Renaissance, Rococo, and numerous others either of 
a similar or different class. 

IV. If the Dictionary in petto , here alluded to, is to contain 
articles of architectural criticism and aesthetics, it will have to 
supply a very great deal indeed merely in that single department of 
it. In fact, the artistic philosopy of architecture has scarcely been 
merely touched upon at the best, and that very vaguely, loosely, 
and drily, — whereas it requires to be fully elucidated by actual 
instances and examples. Character, Composition, Contrast, Effect, 
Grandiose, Grotesque, Heaviness, Picturesque, Purity, Richness, 
Simplicity, and many other terms, might be made to furnish exceed- 
ingly interesting and instructive articles — such as would assist 
very much in popularising the study of architecture. That it 
greatly needs to be popularised can hardly be disputed. Of very 
little use is it for its professional followers to call architecture the 
queen of the fine arts — or rather their so calling it partakes of the 
ridiculous, while the public are for the most part utterly indiffer- 
ent to it as a fine art ; and that such is the case the exhibitions at 
the Royal Academy strongly testify, where the picture of a “ posy- 
faced” girl, or of a damsel painted “ in buff, ” will attract crowds 
of spectators, while the architectural room is a desert, or used only 
as a thoroughfare. The pictures, in tact, possess so much stronger 
attraction for the many, that the architectural drawings are com- 
paratively quite disregarded, or if looked at, are looked at rather 
as pictures than as designs, and judged of not so much according to 
the architectural merits and ideas which they display, than accord- 
ing to ability of execution, and the pictorial qualities put into 
them ; which last species of artistic recommendation is quite dis- 
tinct from architectural value, and is what may be imparted by a 
skilful pencil to very poor, or even wretchedly bad designs. 

V. If the notices bestowed upon the Fine Arts by the newspaper 
press may be taken as a fair criterion by which to judge of the 
favour in which they are respectively held by the public, Architec- 
ture san be scarcely above zero according to such thermometer of 
popularity. Although the class of publications just mentioned 
professes to be au fait on every subject, architecture is ignored by 
it ; and why ? — because it can be done with impunity. Is it to be 
supposed that such a journal as the Times could not, if it thought 
it worth while to do so, command as able assistance in the de- 
partment of the Fine Arts generally, and architecture among 
them, as in any other? Most undoubtedly it could ; and would 
do so, were there, on the part of the public, any demand for such 
information and instruction. We may therefore fairly conclude 
that there is none. This seems discouraging enough, but is said 
not for the purpose of discouraging, but, on the contrary, of stimu- 
lating architects, and inducing them to make an effort to create 
greater general interest in behalf of their art. Their vaunting it 
to each other is useless, and little better than so much idle vapour- 
ing. It i9 the public, not they themselves, who require to be con- 
vinced of its importance and excellence. Yet, what has the 
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“ Institute" done towards promoting and disseminating architec- 
tural taste among the public? The answer must be — just nothing 
at all. The mere idea of anything of the kind does not appear to 
have even so much as occurred to them. Nay, the “ Institute* 1 might 
be extinguished to-morrow, and neither the art, nor the profession, 
nor the public would miss it. Although 1 do not pretend to be a 
particular admirer of the “ Institute," 1 am, in one sense, its 
warmest well-wisher, since most earnestly do I wish that it would 
signalize itself, by doing, or attempting to do, some real service to 
architecture, as a branch of Fine Art. At present, that body is not 
only exceedingly drowsy itself, but its torpidity has a benumbing 
effect which extends beyond its own immediate sphere. StilL, I am 
not for having the u Institute" abolished ; but I ao wish that it were 
entirely re-constructed. If I cut it up, it is only for the purpose of 
its being thrown into Medea’s cauldron, to be resuscitated in a 
better form, and come forth again vigorous and energetic. Or if 
a fresh and more genial spirit — if greater activity, and greater 
sympathy with Fine Art, can be infused into it, without resorting to 
the process of re-construction, the sooner it be done the better. 
Were I less devoted than I am to architecture, the “ Institute” 
would not be thus reproached by me ; and if to be so enthusias- 
tically devoted to that art, as to be quite regardless whom I please 
or ofiend while advocating its interests, should subject me to re- 
proach in return, I can endure it with far more of pride than of 
shame. 

VI. The natural death of Ludwig the First of Bavaria would 
have been many degrees less distressing than is his moral and 
political one, by which he has terminated his career that forms an 
epoch in the history of art, as an infatuated old dotard. Scarcely 
ever before has so much been done by an individual prince for the 
embellishment of his capital, as has been accomplished by Ludwig 
for Munich ; whose name has in consequence become a familiar 
household word in the mouths of artists throughout all Europe. 
What other princes have done for art has been in a great measure 
out of either ostentation or policy ; but the ex-king of Bavaria 
seems to have been all along warmly attached to art for its own sake. 
It was himself personally that originated the idea of, and sedulously 
watched through their progress, monumental structures, some of 
which would of themselves highly sufficed for recording architec- 
turally an entire reign. No very excessive hyperbole is it to say, 
that the reign of Ludwig has been equivalent to the lengthened rule 
of a dynasty, when we compare Munich with what it was some thirty 
years ago and now is. And now ! — why now, the tears shed over 
his coffin would have been far less painful than the sigh which we 
give to his folly and his fate. 

VII. There is a vast deal of prate and. palaver about Propor- 
tions, as if all beauty in architecture were referable to them 
alone, independently of all other qualities that go to make up 
beauty, and independently of all circumstances. It is so conveni- 
ent to have what looks like irrefragible and authoritative doctrine, 
and a theory so compact that it may be put into anutshell, or 
carried on the tip of one’s tongue, ready to dart out the magic word 
— Proportions. Yet, so far from being on that account a simple 
one, such theory is an exceedingly complicated and abstruse one. 
If we ask what are beautiful Proportions, we shall be told “just” 
ones ; when, if not satisfied with such elucidation, we return to 
the charge and inquire what- are just Proportions, we shall, perhaps, 
be further enlightened by being assured that they are those which 
are harmonious and conduce to beauty. For the human figure and 
other animal forms, there are standards of normal Proportions, 
fixed by nature herself. But in architecture, there is no immut- 
able standard of Proportion for any one style, much less one ap- 
plicable to all styles alike. In the Greek orders, we find the very 
extremes of proportion — such as could not be exceeded either way 
without falling into deformity and disproportion — in the Pcestum 
Doric, and the slender, comparatively too slender, Corinthian. 
Yet, utterly dissimilar as they are, all the orders may be said to 
be admirably proportioned in themselves ; which, however, instead 
of at all simplifying the matter, only renders the subject of Pro- 
portion the more abstruse and perplexing. The very best Propor- 
tions are only relatively good, for differently applied they might 
be far from pleasing, or even be absurd ; — at the utmost, only 
average proportions, suitable for general guidance and foi ordinary 
cases ; and so far from being abided by, sucn average may frequently 
be greatly exceeded with the happiest effect. What, for instance, 
is loftiness but an unusual degree of height in comparison with 
breadth, or height exceeding the usual relative proportion which it 
bears to width ? To attempt to fix invariable Proportions by rule 
is worse than nugatory, since it is positively mischievous, and detracts 
from the privileges of art ; rendering that a merely mechanical pro- 
cess which ought to be determined very differently. After afl, it 


is the eye which judges of Proportions ; therefore, surely the eye 
of the architect — supposing him to be at all worthy of such name 
—ought to be able to decide what are pleasing Proportions quite 
as well as that of other people. And so that they be pleasing, it 
matters not at all how much they deviate from ordinary routine 
and its rules. Undue stress is laid upon Proportion, because it is 
generally spoken of as if it were all-sufficient in itself alone, and ca- 

E able of ensuring excellence ; whereas, it is only one element of 
eauty in design. Besides which, the term itself is usually under- 
stood in only a very limited meaning — namely, with reference to that 
mechanical species of it which concerns itself with merely parts 
and individual members or features, without that higher artistic 
one being included in the idea of it, which regulating the whole 
of a composition, stamps it to the eye at once as a captivating 
ensemble , all whose parts are in perfect keeping. That kind of 
Proportion is quite beyond the reach of rules. Those who cannot 
find out for themselves how to produce it, must dispense with it, 
trusting that it will never be missed by those who are content with 
Proportion in pieces and bits, — by hairbreadth measurers of 
columns and mouldings. 

VIII. Odious as the Window-tax may be as a tax, I cannot at all 
agree with those who consider it, or talk as if they did consider it, 
to operate injuriously upon architectural design. So far is ap- 
pearance from being at all benefitted by a multiplicity or frequency 
of windows, that the fewer the windows the more satisfactory is 
external appearance ; for unless sparingly introduced, such open- 
ings sadly interfere with breadth and repose. We certainly do not 
find that in designs produced as specimens of their author s taste, 
consequently composed without the slightest regard to the Window- 
tax, they are at all prodigal of windows. If the Window-tax be felt 
a peculiarly onerous and oppressive one, let it by all means be got 
ria of ; but in the name oi common-sense, don’t let its effect upon 
architectural design be urged as a reason for its removal, because 
if taste is to have any voice in the matter, it might find a very 
strong plea for the obnoxious tax being doubled, or even trebled. 
With regard to the purpose for which windows are necessary at 
all, rooms may have too much light, or too much window-surface, 
as well as too little. The cheerfulness of a room does not depend 
so much upon the quantity of light admitted into it, as upon many 
other circumstances ; and foremost among them is the air of com- 
fort, or of both combined, which it exhibits itself. Much also de- 
pends upon situation ; for the latter may be such as to render the 
minimum of exposure to our view of it desirable. Again, the sort 
of cheerfulness derived from window-light is entirely dependent 
upon the weather: if that be gloomy and cheerless, — triste and 
dull. In dismal weather — no very great rarity, by the by, in 
this climate,— a blazing fire is far more exhilarating than the mere 
daylight. Of quantum of window or aperture for light in a room, 
there may be excess just as well as deficiency. Yet, because light 
is indispensable, it is thought that there cannot possibly be too 
much of it. 

IX. While some of the studies and qualifications enumerated 
as requisite for the architect are very remotely connected with 
either the practice or theory of his art, even if they can be said 
to be connected with it all, others there are which are overlooked — 
at least passed over in silence. It is difficult to repress a smile 
when we find History and Biography included among the studies 
which an architect ought to be conversant with — for why not Geo- 
graphy also — more especially Poliography , or descriptions of cities 
and theirpublic monuments. The quantum of History, however, is 
so far from being formidable, that it dwindles down into a mere 
homteopathic dose, — no more of it being insisted upon than what 
relates to architecture. Just the same is it with Biography ; for 
architectural biography is exceedingly scanty indeed, and does not 
at all tend to encumber biographical dictionaries. Mr. Donaldson 
points only to one source for it — to Milizia alone, without so much as 
mentioning Temanza, Quatremere de Quincy, and Cean-Bermudez. 
Of biography in general, it may safely be predicated that it is “ a 
most attractive branch of history;” but the same cannot possibly 
be averred of architectural biography as a particular species of it, 
because, as it has hitherto been treated, it is particularly dry ; a 
fault that might be forgiven, were it not also particularly jejune. 
Biography, says Mr. Donaldson, when speaking of its importance 
to the architect, “ teaches us the course by which great men have 
attained to eminence yet that cannot be said of the species of it 
which he must be supposed to have had exclusively in view. On 
the contrary, it leaves us wholly ignorant of the studies and 
mental impulses to which the u eminent” in the profession have 
been indebted for their ability, and their distinction in the art. 
Nay, we very rarely learn what were the external matter-of-fact 
circumstances that shaped put and attended their professional 
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•career. Biographical notices of architects we most undeniably 
'hare, yet scarcely anything really deserving the name of architec- 
tural biography, — nothing written in extenso and fully developed. 
'Passing over other studies which are strangely claimed for the ar- 
chitect, I will point out what, although overlooked, I myself conceive 
to be very essential qualifications— I say essential, not indispensable, 
—because daily experience convinces us that dispensed with they 
are. Now I should say that talent for Invention and Contrivance 
stands almost foremost among the qualifications for an architect. 
Without it, he can be little more than a barren copier, — the crea- 
ture of oomme-ilfaut routine; a very respectable automaton, but 
not an artist. If we care only for mechanical skill and excellence, 
let us boldly say so at once, and desist from that maudlin, namby- 
pamby prating about architecture as art,— except it be just that 
brevet grade of the latter, by virtue of which tailoring and 
cookery claim to be enrolled among the so-called arts. For the 
display of other talent and merits, the opportunities are compara- 
tively few; but those for the exercise of Contrivance are con- 
tinually presenting themselves. It is what so far from requiring 
favourable circumstances, is most of all called into operation by 
disadvantageous ones, and by difficulties and untoward circum- 
stances which, by a little exercise of it, might be overcome, not 
only sufficiently well, but even happily, and so as to be productive 
of both conveniences and beauties that would not nave been 
thought of but for the obstacles which prevent compliance with 
usual matter-of-course proceeding. A taste for and acquaintance 
with art generally, as well as his own particular branch of it, is also 
highly desirable, if not indispensable, for the architect — a taste not 
so much, perhaps, expressly for painting and sculpture themselves, 
as for pictorial and sculpturesque decoration ; and as regards an 
eye for colour, effect, and various combinations of form. 


ON THE STABILITY OF ARCHES. 

On the Stability of Arches , with practical methods for determining , 
according to the Pressures to which they will be subjected , the best form of 
Section, or variable depth of Voussoir, for any given Intrados or Ejc tra- 
des. By Georgb Snell, Assoc. Inst. C.E. — (From a paper read at 
the Institution of Civil Engineers.) 

The first section of this paper treats of the general conditions of 
stability in structures composed of many blocks of materials, as 
walls, arches, &c. The second and third sections discuss the con- 
ditions of stability of an arch, the form of which and the pressures 
sustained by it, as regards 'position, direction, and amount, are 
similar on either side of the crown of the arch ; such as an arch 
sustaining its own weight only, or that of a symmetrical super- 
structure. In the second section the arch is supposed to be formed 
of blocks of an incompressible material ; but in the third section 
the limited strength of materials is taken into consideration. The 
fourth section disciisses the conditions of stability of an arch, acted 
upon by forces of any^amount, applied in any position and direction 





Diagram 1. Diagram Q. Diagram ft. Diagram 4. DiagiSm i 

one upon another, as diagram 2; — secondly, by the blocks turtili 
over one upon the edge of another, as diagram 3 ; — or thirdly. 1 


the yielding of the materials of which the structure is composed, 
as diagram 4. For the first effect to take place, it is necessary 
that the resultant P a , of the pressure P,, on one of the blocks A, 
and weight of A, should act in a direction inclined to a perpendi- 
cular drawn from the surfaces of contact, at an angle greater than 
L A R, the “ limiting angle of resistance" of those surfaces. For 
example, if the materials are calcareous oolite, this angle, L A R, 
is 36° 30' ; and if, as in diagram 2, the direction of the resultant is 
more inclined from the perpendicular than this angle, failure will 
take place, from the one block slipping on the other. 

For the second effect to take place, the resultant pressure must 
act in a direction which passes without the joint, as in diagram 3. 

The third effect depends, first, on the strength of the material ; 
secondly, on the amount of the resultant pressure ; and thirdly, on 
the position and direction of that pressure. Thus the material 
may be capable of sustaining the pressure, if it acts through the 
axis of the stone ; the pressure in that case being equally distri- 
buted over the whole surface of contact ; but if the direction of 
the pressure approaches very closely to one of the edges, so that 


in the plane of the section, or of an arch whose form is not similar 
on botn sides of the crown. 

The effect of the adhesion of the cement is not taken in any case 
into consideration. 

8ection I. 

Abt. 1. — A structure built of blocks of stone pr other material, 
as A B C D, diagram 1, may yield under the pressure to which it is 
subjected ; first, by the slipping of certain of its surfaces of contact 


one portion of the block sustains a much greater pressure per 
square inch than another, then the material may yield and failure 
ensue, as in diagram 4. 

If, however, none of the resultant pressures P a P, P 4 P a , dia- 
gram 5, fulfil any of the above conditions, that is, if none are in- 
clined from a perpendicular to the surface of contact at an angle 

S eater than tne limiting angle of resistance of those surfaces, nor 
LI without the joint, nor approach so near to the edge as to cause 
the material to yield, then the structure will withstand the pres- 
sure P x . Also, if instead of the pressure P 19 the structure be acted 
on by a pressure and the resultants p f p, p 4 p 5 , do none of them 
fulfil any of the conditions of failure, it will withstand this pres- 
sure. In like manner, an endless variety of pressures, or systems 
of pressures, may be sustained by the structure, each giving a dif- 
ferent series of resultants on the successive joints. 

Abt. 2. — If any other joints are made in the structure, the posi- 
tion and direction of the resultant pressures on them, also, must be 
drawn and examined, before the stability of the arch is determined ; 
if, however, a curve such as that in diagram 5 could be traced, the 
property oi which curve should be, tnat at any point in it the 
tangent should represent the position and direction of the resultant 
pressure, as the arrows P a F, P 4 P a , which are tangents to the 
curve, and which also show the position and direction of the re- 
sultants ; then if no part of this curve passed without the structure, 
or so near to the edges of it, as to cause the material to yield, the 
structure would be stable, however numerous, or in whatever di- 
rection the joints might be, provided that the perpendicular from 
the joint were inclined to the tangent to the curve, at an angle less 
than the limiting angle of resistance. This curve is known as the 
“line of resistance, and its properties were discussed for the 
first time by Professor Moseley, in essays published in the “ Cam- 
bridge Philosophical Transactions it can be traced by applica- 
tion of difficult mathematical analysis, as shown in the fourth part 
of the “ Mechanical Principles of Civil Engineering and Architec- 
ture," p. 403. If, however, the resultant pressures are determined 
for a series of joints, the line of resistance can be traced with suffi- 
cient accuracy from joint to joint, by means of a bent whalebone, 
or a metal spring, or by hand as in diagram 5. 

Abt. 3. Problem 1. — To find the position, direction, and amount 
of the resultant pressure on every joint of a structure, the result- 
ant pressure on one of the blocks being given in position, direc- 
tion, and amount, and the specific gravity of the material forming 
the structure being also known. 

Diagram 6 represents a structure of seven blocks of stone, or 
other material, the pressure on the first block being 30 cwt., and 
its position and direction represented by the arrow ; it is required 
to determine the position, direction, and amount of the resultant 
pressures oa all the other blocks. 

Construct a scale of equal parts, each part to represent one cwt., 
or one pound, &c., as may be convenient. In this figure eaoh 
equal part represents one cwt. Calculate the weight of each stone 
(in this esMtmple, if the first block weighs 15 ewt, y the weight of the 
others are ae figured on them in the diagram >. 

Find the centres of gravity of the blocfis: (they are indicated in 
this and the following diagrams by this mark' + ). 

Then the pressures on the second block are, first, the weight of 
the first block =. 15 cwt.. which may be represented by a pressure 
of 15 cwt. acting vertically downwards through the centre of gra- 
vity of the block; draw the line W,. representing the position 


vity et tne block ; draw tne line w ,. representing tne position 
and direction of this pressure : secondly, the pressure on the first 
block, which acts in the direction and position indicated by the 


* Vide Phil. Trane., Cambridge, toL f. p. 293 j voL vl. p. 463. 


Digitized by 




1848.] 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


arrow ; continue this direction till the line intersects the vertical, 
through the centre of gravity ; from the point of intersection of 
these two lines measure off, on the vertical line, a distance equal 
to 15 parts of the scale, making the side W, of the parallelogram ; 
and on the line in the direction of the pressure on the block, m ea- 

DUgrtm S 
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8cale of equal parts, representing Ctrts. 


sure off a distance equal to 80 parts of the scale, making the second 
side P, of the parallelogram ; draw the 'other two sides ; and the 
diagonal R, W, P 1? will represent the direction of the resultant 
of these pressures ; its length, equal to 81^ parts of the scale, will 
give the amount of its pressure, 8lA cwt., and the line, continued 
till it intersects the joint No. 1, will represent the point of applica- 
tion of this resultant pressure on the second block ; that is to say, 
that point will be the centre of pressure of all the pressures, com- 
municated throughout the surfaces of contact, from the first block 
to the second, and the amount of the resultant, 8l£ cwt., will be 
the aggregate of these pressures. 

If the line W„ representing the weight of the block, is drawn 
from the point of intersection, in the direction in which it acts, 
that is, vertically downwa^s, then the line P , , representing the 
pressure on the block ? must be drawn in the direction in which it 
acts, that is, from right to left. If, however, as in the present 
case, it is more convenient, the lines may be drawn each in the 
direction opposite to that in which the pressures act, that is, the 
weight represented by a line vertically upwards, and the pressure 
by a line from left to right, in which case the resultant pressure 
will act in the direction of the diagonal, but towards the point of 
intersection of the two lines, that is, from right to left in the pre- 
sent example. 

The resultant pressure on the third block is determined in a 
manner precisely similar to that described above, with regard to 
the second ; a vertical line is drawn through the centre of gravity 
of the second block, and the direction of the resultant pressure on 
the same, P„ is continued till the line* intersect ; 81^ parts mea- 
sured from this intersection on the latter line, form one side of the 
parallelogram, and 15 parts measured on the vertical line from the 
ether, for the amount of the resultant pressure on the second block 
is 81 A cwt., and the weight of the second block is 15 cwt. : ■ the 
parallelogram being completed, the diagonal produced determines 
the position and direction of the resultant pressure on the third 
block, and its length, measured by the scale, determines the amount 
of the pressure to be 86 cwt. In like manner, the pressure oo the 
fourth nlock is 100 cwt., and its position ana direction are i shown 
by the arrow P 4 ; also P 4 P 0 P 7 , show the position end direction 
of the resultant pressures on the fifth, sixth, and seventh blocks, 
and their respective amounts are determined by the length of the 
diagonals of the fourth, fifth, and sixth parallelograms, and if any 
of the blocks were removed, and replaced by a prop, in the position 
and direction shown by the arrow : as for example, if the seventh 
block were removed, and replaced by the prop there shown, then 
all the re m ain in g portion of the structure would be balanced on 
the point of the prop. Each of these arrows are tangents to the 
line of resistance, which can be drawn from point to point by the 
•ye, or by means of a piece of whalebone, or a metal spring. 
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If, instead of the pressure on the first block, the pressure on 
any other block be given, the resultant pressure on all the others 
may be found in a similar manner. Thus, if the pressure on the 
fourth block is known, the pressure on the fifth, sixth, and seventh 
will be found in precisely the same manner as above described. 
Then with regard to the third block, it will be acted on by its own 
weight, and the pressure from the second block, and the given 
pressure on the fourth block, is the resultant of these two pres- 
sures ; if, therefore, a vertical line is drawn through the centre of 
gravity of the third block, and another line is drawn in the direc- 
tion of the given pressure on the fourth block, and from the point 
of intersection of these two lines there is measured off on the ver- 
tical, as many parts of the scale as there are cwts. in the weight 
of the block, and on the other line, a9 many parts as there are 
cwts. in the given pressure mi the fourth block ; then there have 
been measured the side W„ of the parallelogram and the diagonal 
R* W, P*, and these two lines determine the parallelogram, the 
second side of which, from the point of intersection, represents 
the pressuie on the third block. This pressure on the third block 
being determined, that on the second and that on the first block 
may be found in the same manner, the lines drawn being the same 
as those ia the example. 

Abt. 4vr-rJn nearly all cases of arched structures, the pressure on 
any one of the voussoirs is unknown, and this constitutes the diffi- 
culty of the subject : the point of application, the direction, and 
the amount of the resultant pressure on any of the voussoirs being 
determined, the conditions of stability of the whole structure are 
found by the application of the foregoing problem. To determine 
the stability of the arch with regard to the first condition of failure, 
diagram 2, that is, supposing failure to take place, by the slipping 
of one vouissoir on another, the direction only of the resultant 
pressures is required ; but to determine whether the arch will fail 
(as in diagrams 3 or 4), by the voussoirs turning on their edges, or 
by the material failing, not only the direction, but the points of 
application and the amount of the pressures must be determined. 
The theories of the arch, which preceded that of Professor Mose- 
ley, take into consideration only the first condition of failure (Art. 
1, diagram 2), it being supposed that if the arch failed, it would 
be by one of the voussoirs slipping on another. The experiments 
of Rennie, Morin, and others, had not then been made, and the 
resistance of the friction of one stone on another was much under- 
rated, so that it was considered necessary for stability, that the 
direction of the pressures should always be perpendicular to the 
joints; of course this could only he the case for one particular 
system of pressures, and if the weights on the voussoirs and other 
pressures were so arranged, that the resultant pressure on each 
joint acted in a direction perpendicular to it, then if any weight 
were added to the system, or any taken away, the positions and 
directions of the resultant pressures would, of course, vary also, 
and their directions be no longer perpendicular to the joint. It 
seems to have been the practice of bridge-builders, to take the 
weight of the arch-stones and backing for the fixed system of 
pressures ; and this weight being very great in proportion to that 
of the wagons,, carriages, and people passing over, the effect of the 
latter was not an important consideration, and the old problems 
sufficiently answered the purpose. In the case, however, of a light 
railway bridge, traversed by a heavy train, which, coming upon it 
suddenly, has toriee the effect of a stationary pressure of the same 
weight, tne effect of such traffic must not be omitted from the cal- 
culation ; hut if the arch is designed and the weights on the vous- 
soirs arranged, so that the resultant pressures shall he perpendi- 
cular to the joifits When the train is on the bridge, then, when the 
train has moved off/^il the resultant pressures will have taken new 
positions and' direction^ no longer perpendicular to the joints; so 
that, according to the theories themselves, the arch would fail. 
These theories are also quite useless in determining the stability 
of vaults on high Walk ; there is not, perhaps, a single vaulted roof 
^ow standing, Shat does not prove their fallacy. 

Abt. 5i — Without taking into consideration the adhesion of the 
cement in the joints, the limiting angle of resistance for the sur- 
faces of ell materials used in arches, is so large, that it would be 
difficult to design an arch an{ loading, in which the first condition 
or fhilure would be fulfilled ; in the pidr or abutment, however, 
sudh failure is likely to occur, and must he carefully guarded 
akainst. 

r The second Condition of failure, diagram 3, is, strictly speaking, 
impossible, for no block will turn on its edge upon another, with- 
out some abrasion, or elastic yielding, of the surfaces, in which 
case it becomes that shown in diagram 4. or the third condition of 
failure ; however, as the failure takes place from the tendency of 
the pressures to turn the blocks on their edges, it seems that the 
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subject is best discussed by first supposing that the materials are 
incompressible, and tracing the conditions of stability on this hypo- 
thesis, and then by examining in what respect those conditions are 
modified by the limited strength of the materials. 

Abt. 6. — Inapplying the following methods to analyse the strength 
of any given structure, the first question to be solved is : Is the 
structure, when acted on by the given pressure, on the balance be- 
tween standing and falling ? The problems determine if this is 
the case, and if not, if the tendency is towards stability or insta- 
bility. If the structure be on the balance between standing and 
falling, then the slightest alteration in the pressures may cause it 
to fafl, and it would therefore be condemned as unsafe. If the 
tendency be towards instability, unquestionably the arch will not 
stand. If, on the other hand, the tendency be towards stability, 
then another question arises : How great a degree of strength does 
the structure possess ? When it is decided in what terms this 
strength is to be measured, the problems in the following pages 
can be applied to answer the question. Thus, the strength may be 
measured by the weight in different positions and directions, that 
will be required to produce the state of unstable equilibrum, or the 
balance between standing and falling. Or, again, the strength of 
the material may be hypothetically diminished, until this unstable 
equilibrum is produced, and thus a measure of strength is obtained ; 
as for instance, if the hypothetically diminished strength of the 
material is one-tenth the actual strength of the material used, 
then the structure is ten times stronger than is theoretically ne- 
cessary. 

Section II. 

Art. 7. — On the conditions of stability of an arch whose voussoirs 
are incompressible ; the form of which, and the pressures sustained 
by it, as regards position, direction, and amount, being similar on 
either side of the crown of the arch. 

In such an arch, the conditions of failure are, as before stated, 
the first and second ; that is, the voussoirs may slip on one another, 
or turn over on their edges : the latter condition will first be dis- 
cussed. 

It need not be proved, that if in one part of an arch the vous- 
soirs turn over on their edges at the extrados, causing the joint to 
open at the intrados, then at some other positions, other voussoirs 
must turn over on their edges at the intrados and the joints open 
at the extrados. Also it need hardly be proved, that if the arch is 
similar in form and similarly loaded on either side of the crown, 
that if failure takes place, in the manner above described, one of 
the points of rupture will be at the crown of the arch : this is 
nearly self-evident, and may be proved by experiments on any 
model of an arch ; it is, however, proved geometrically by applica- 
tion of the problem in Section 4. If the arch fails at the crown, 
by the voussoirs turning on their edges A,, at the extrados, as in 
diagram 7, then at some point in the haunches, the voussoirs will 
at the same time be turning on their edges A 2 , at the intrados, in 
which case the crown will sink and the haunches will spread. 

If the arch fails at the crown, by the voussoirs turning on their 
<*dges at the intrados, as in diagram 8, then at some point in the 
Haunches, the voussoirs will, at the same time, be turning on their 
edges A a , at the extrados, in which case the haunches will sink 
and the crown of the arch will rise. 

Art. 8. — When the arch is failing, as shown in diagrams 7 and 8, 
then the points of application of the resultant pressures at the 
places of failure are beyond the edge of the voussoir, as shown in 



diagram 3. But when the arch is in the condition of unstable 
equilibrium, that is, when it is on the balance between standing 
and falling, and when the voussoirs are on the point of turning on 
their edges at A,, A s , &c., then the point of application of the re- 


sultant pressure must be at the extreme edge of the voussoir, and 
its direction must also be that of the tangent to the intrados, or 
extrados, at A,, A 2 , &c., because if not, the line of resistance 
passes without the boundary of the voussoirs, either on one or 
other side of the point A, and the structure has already failed, by 
the turning over of some other voussoir. Therefore, when the 
arch is in the condition of unstable equilibrium, then, at all the 
points of rupture, the directions of the resultant pressures are tan- 
gents to the intrados, or extrados. 

Art. 9. Problem 2. — To find the second point of rupture, in an 
arch whose voussoirs are incompressible, the form of which and the 
pressure sustained by it, as regards position, direction, and amount, 
being similar on either side oi the crown of the arch. 

Also to find the amount of pressure at the crown and at the 
second point of rupture. 

Take for example an arch with a backing, or superstructure, 
diagram 9. It is required to find the second point of rupture, that 



Diagram 9. 

is, that point in the haunches, at which the voussoirs will be about 
to turn on their edges, when the arch is in the condition of un- 
stable equilibrium. 

As the form of the structure leads to the supposition, that, if 
failure take place, it will be by the sinking of the crown and the 
spreading of the haunches, let it be first assumed that the arch is 
about to fail in that manner. Then the point C, in the extrados, 
at the crown, will be the first point at which the voussoirs are 
about to turn ; and the horizontal line C E, w ill represent the 
direction and position of the pressure upon the side of the arch 
drawn in the figure, caused by the weight of the opposite and 
similar side : see Art. 8. 

Choose some point R,, in the intrados, and, for trial, suppose 
that to be the second point of rupture. Then the voussoirs will 
be on the point of turning on their edges at R,, and the resultant 
pressure will act through R,, in the direction K, T„ of the tan- 
gent to the intrados : see Art. 8. Draw the joint or normal to the 
intrados R, N„ and the vertical line N, B,. Find the centre of 
gravity of the mass ADR, N, B, ; and draw the vertical line 
G , W„ and produce it till it intersects C E, at the point 1 , . 
Then the only pressures acting on the point It,, are the pressure 
of the opposite arch, acting in the direction C E, and the weight 
of the mass ADR, N, B„ acting in the direction I, W x ; and 
since the direction of these two pressures intersect in the point 

1 . , therefore, by the well-known law of Statics, the direction of 
their resultant also passes through the point I, ; but when the 
arch is about to fail at the point R,, R, T L is the direction of the 
resultant, and this does not, if continued, pass through the point 

1.. Therefore, R x is not the second point of rupture, and some 
other point must be tried. If the line R, I, be drawn, it will be 
seen that its direction is less inclined to the vertical than R T, ; 
and this leads to the supposition that the point of rupture is lower 
down, at some point where the tangent to the curve is less inclined 
to the vertical. Therefore, choose some other point R s , and pur- 
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sue a precisely similar method to that described for R„ as shown in 
the figure. 

Then, since the tangent R a T a , produced, does not pass through 
the point of intersection I s , but is less inclined to the vertical 
than the line R a I s , the point of rupture is above R a . Also since 
the line R a T a , more nearly coincides with the line R a I 8 , than 
the line R, T„ with the line R t I n the point of rupture is nearer 
to R t , than to R,. 

One more subsequent trial generally suffices to determine the 
correct point, which, in this example, is the point R„. For the 
tangent R s T a , produced, passes through the point I „, which is 
the point of intersection of the direction of the weight of the 
mass A DR,N B B 8 , and the pressure of the opposite of the arch. 
Therefore, if the arch fails by the sinking of the crown, the second 
point of rupture is R*. 

The second case is now to be considered : Where will be the 
second point of the rupture, if the arch fails by the rising of the 
crown ? Draw the horizontal line D L, which will, in this case, 
represent the position and direction of the pressure of the oppo- 
site side of the arch. Let the point N, be tried ; then if N, be 
the point of rupture, the tangent to the extrados at N, N, P,, 
will, if produced, pass through the point Q,, which is the point of 
intersection of the directions of the pressures of the opposite side 
of the arch, represented by the line D L, and of the weight of 
the mass ADR, N, B ( , represented by the vertical line W, I,. 
But N, P, intersects the line D L, far from the point Q,. Also 
if the point N a be tried, it will be found that the tangent N„ P 8 
is far distant from the point of intersection Q„ ; and in like man- 
ner it will be found, that at no other point above N a , will these 
conditions be fulfilled, except at the point C. Therefore the arch 
will not fail by the rising of the crown. Therefore the arch will, 
if it fails, fail by the sinking of the crown and the spreading of 
the haunches ; and the point R„ is the second point of rupture. 

Art. 10. The second part of the Problem . — It is required to 
determine the amount of pressure at the crown, and at the second 
point of rupture. 

Construct a scale of equal parts, as in Problem I, each division 
representing some unit of pressure, as pounds, hundred-weights, 
or tons. Through the point of their intersection I„, produce the 
lines R, I.„ and W 3 I 3 ; then on the line W 8 I„, produced, mea- 
sure off the distance, I, F, containing as many equal parts of the 
scale as these units of weight, in the mass ADR 8 N 3 B a , and 
from the point F, draw a line parallel to C E, intersecting the line 
R# I 8> produced at the point H. Then, by the well-known prin- 
ciple of the parallelogram of pressures, the line F H contains as 
many equal parts of the scale as there are units in the pressure 
of the opposite side of the arch on the crown at C, and the diago- 
nal of tne parallelogram H I ? , contains as many equal parts as 
there are units in the pressure on the point R g . Thus, in Ex- 
ampe 1, if the weight of the mass A D R 8 N a B a , is 3 tons 3 cwt., 
then the pressure at the crown will be 1 ton 2 cwt., and the pressure 
at the point R„, 3 tons 5 cwt. 

Art. 11. — Thus the resultant pressure on one of the blocks of 
the structure is determined in direction, position, and amount, 
which is the datum required in Problem 1 ; and therefore, that 
problem may be applied and the line of resistance be traced, as in 
the example in Art. 3, through the whole structure, commencing 
either from the crown, or from the second point of rupture ; and 
this line will represent the resultant pressures at every part of the 
structure, when it is on the balance Detween standing and falling, 
that is, when it is in the condition of unstable equilibrium. 

If the line of resistance, at any point, passes without the boun- 
dary of the voussoirs, the structure will unquestionably fail. If it 
touches the extrados, or intrados, at other points, and at the base, 
then the structure is in the condition of unstable equilibrium. If 
the line of resistance passes through the base of the structure, 
some distance within the mass, then the arch has a certain degree 
of stability, which may be tested, as described in Art. 6, by the 
methods given in the following Sections. 

The stability of the structure, with regard to the first condition 
of failure (Art. 1, diagram 2), has to be considered, and is at 
once determined by inspecting the line of resistance, drawn as 
described in the foregoing examples. If at any part of the struc- 
ture a joint is made, in such a direction, that a perpendicular 
drawn from it shall be inclined from the tangent to the line of re- 
sistance, at that point, at an angle greater than the limiting angle 
of resistance of the surfaces of contact, the structure will fail at 
that place ; if, however, this is not the case at any position in 
the arch or pier, then the structure will not fail by the slipping of 
the blocks one upon the surface of the other, ana the first condi- 
tion of failure will not be fulfilled. 


Section III. 

On the conditions of stability of an arch, the form of which, 
and the pressures sustained by it, as regards position, direction, 
and amount, are similar, on either side of the crown of the arch ; 
the limited strength of the materials being taken into considera- 
tion. 

Art. 12. — By reference to Art. 6 it will be seen, that it is there 
proposed, that the conditions of stability in an arch should first 
be discussed on the supposition that the materials were incom- 
pressible, and that then it should be examined in what respect 
those conditions were modified by the limited strength of the 
materials used in building. The first part of this proposition has 
been considered in Section II. It is the purpose of this section to' 
consider the second part. 

The arches in the examples in the last section could not stand 
if they were built of any material at present known, because at 
the points of rupture, the resultant pressures act at the extreme 
edge of the voussoirs, and therefore all the pressure has to be re- 
sisted by these extreme edges, or by a single line, which cannot be 
the case, unless the material is incompressible. So that in all 

E ractical cases of arches, even the condition of unstable equili- 
rium cannot be attained, unless the position of the line of resist- 
ance is some distance within the section of the arch. The ques- 
tion which then arises is, how near to the intrados or extrados can 
the line of resistance pass, without causing the failure of the ma- 
terials ? 

Art. 13. — Experiments to determine the strength of stones to 
resist compression, have for the most part been made by the ap- 
plication of pressures on cubes of the stone, in a direction perpen- 
dicular to the face of the cube, as in diagram 10. Th6 resultant 
of this pressure, and the weight of the stone, acts in the direction 

Diagram 10. 



Diagram 11. 

of the axis of the cube, its point of application being in the centre 
of the base at p ; so that if any line be drawn through this point p, to 
the edges of the block, as the line A B, the portion p A is equal 
to the portion p B : and as, by the principle of the equality of 
moments, the pressure on the point A, multiplied by the length 
A p, is equal to the pressure on the point B, multiplied by the 
length Bp ; since the length Ap, is equal to the length B p, the 
pressure on the point A, is equal the pressure on the point B ; and 
similarly the pressure on the whole edge of the stone e A, is equal 
to the pressure on the opposite edge/p. 

Now let the block of stone, as shown in diagram 11, be acted 
upon by a pressure whose direction is inclined to the axis of the 
block, but which is applied in such a position, that the resultant 
of it, and the weight of the block, acts through the point p, in 
the centre of the base. Draw any line A B. through the point p, 
to the edges eA, and/g, and draw another line through p, in the 
direction of the resultant, and from the points A and B, draw 
lines A m, B /, perpendicular to this line. Then, by the principle 
of the equality of moments, the pressure on A, multiplied by the 
length A m, is equal to the pressure on B, multiplied by the length 
B l. But since p B, is equal to p A, the angle Ap nt, is equal to 
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he angle B pi, and the angles Amp, B /p, are right angles ; there- 
fore, the length B /, is equal to the length A m, and therefore, the 
pressure at A, is equal to the pressure at B, and similarly the 
pressure on the whole edge e A, is equal to the pressure on the 
whole edge fg. Therefore, in both cases, diagrams 10 and 11, the 
the pressure will be sustained in a similar manner, by the base 
efgh . So that if the resultant pressure at p, diagram 10, is equal 
to one ton per square inch of the surface efgh, and does not 
crush the particles in that surface, then, if the resultant at p, 
diagram 11, is equal to one ton pex square inch of the surface 
efg A, the particles in that surface will not be crushed. 

if in either of the cases, Diagrams 10 and 11, the portion/* kg y 
be added, it is evident that the pressure on the base efg A, will not 
be increased. And therefore, if a stone, as in diagram 12, be 
acted on by a pressure, the resultant of which, and the weight 



D'lfram 12. 

of the stone, passes through a point p, in the base eikh: Draw a 
line A C, through the point p, to the edges e A, and * A ; then 
measure off, on the line p C, a portion p B, equal to the length p A, 
and draw the line/B g, perpendicular to the line A C. Then, if 
the resultant pressure at the point p, divided by the number of 
square inches in the surface efg A, is not greater than the pressure 
per square inch, that (by the experiment in diagram 10) the mate- 
rial was found capable of bearing, then the stone will not fail 
when acted upon by the given pressure. 

It is of course implied, that no natural fault, or laminated, 
structure, of the stone, should cause it to yield, it being evident 
that the judgment of the engineer must be called into requsition, 
to guard against such a catastrophe. 

Art. 14. — The method here proposed, for the determination of 
the proper section, &c., of arches, or for discussing the stability of 
arches already designed, the limited strength of the material being 
taken into consideration, is founded on the above-mentioned prin- 
ciple. 

Section IV. 

On the conditions of stability of an arch, acted upon by forces 
of any amount, applied in any position and direction in the plane 
of the section ; or of an arch, whose form is not similar on both 
sides of the crown. 

Abt. 15. — In an arch under the conditions stated at the head of 
this section, the first point of rupture is not necessarily at the 
crown, and it is this which constitutes the difficulty of the ques- 
tion. It may here be remarked, that when the terms first, second, 
and third points of rupture are used, it is not meant that the 
failure of an arch commences at the first point, and then spreads 
to the second point of rupture, and so on ; for theoretically speak- 
ing, the structure will fail at all those points at the same time ; 
but by the first point of rupture is merely meant the point of rup- 
ture first determined, and by the second point of rupture, the 
point of rupture secondly determined, as by the process detailed 
in the preceding sections, one point of rupture being already 
known. 

Art. 16. Problem 3. — To find the first point of rupture in an 
arch acted upon by any given pressures, in any given position, 
and the arch itself being of any given shape. The method pro- 
posed to solve this problem will, it is thought, be more easily 
shown, by reference to the example of the arched vault in the 
previous sections, than by a general diagram and demonstration. 

Example . — Let the arched vault shown in diagram 13, of 80 feet 
span, and whose depth of voussoir at the crown is equal to one- 
ninth of the radius, l>e acted on by a pressure, equal to the weight 
of a portion of the arch of 20° length of intrados, and one foot in 
length of transverse section, and applied vertically to the extrados, 
at a distance of 30° from the crown. Required the first point of 
rupture, under these conditions ; the materials being incompressi- 
ble. First, suppose for trial, some point R t in the extrados, to be 
the first point of rupture, say 28° from the crown, as in diagram 13. 


LMat, 

Draw a tangent T a R, T,, to the extrados at R,. Then if R,, 
be the first point of rupture, R, T,, and R, T a , represent the di- 
rection of toe pressure of one portion of the arch on the other, 

Diagram 13. 



when the arch is about to fail at that point : for then the line ot 
resistance touches the extrados at R ( . Also R, being the first 
point of rupture, and the arch being about to fail, the pressure of 
the lower portion of the arch, in the direction T, R 1 , must be 
equal to the pressure of the upper portion, in the direction T, R, ; 
for the pressures must be in equilibrium about the point R„ and if 
one is preponderating, then the arch has already failed somewhere 
else, and tne voussoirs, if about to turn on their edges at the point 
R„ are moving in the direction of the preponderating pressure. 
On the supposition that R, is the first point of rupture, find the 
second points of rupture, R* on the right and left hand sides of 
the arch, in the same manner as described in Section II. Problem 2. 

In this case, the second point of rupture on the right hand side, 
is at the intrados, at 51° degrees from the crown ; for the vertical 
line, drawn through the centre of gravity of the mass R, N, R a N„ 
intersects the tangent to the extrados, at the crown R, T,. at the 
point O, and the tangent to the intrados at R>, also passes through 
the same point. Also the second point of rupture, on the left 
hand side, is at the intrados, 64° distant from the crown ; for the 
direction of the resultant of the weight of the mass R, N, R t N„ 
and the force impressed on the arch, intersects the tangent to the 
extrados at Rj, and the tangent to tne intrados at R„ at the same 
point O. 

Next, construct the parallelograms of pressure, as shown in 
diagram 13 ; in that for the left side, the vertical line marked 
RWl, represents the resultant of the weight of the mass, 36°, 
and the impressed forces e^ual to the weight of 20° of the arch ; 
and these being pressures in the same direction, this resultant 
equals the weight of 56° of the arch, and the side of the parallelo- 
gram R W I, is equal to 56 parts of the scale. The directions of 
the other two pressures are sufficient to determine the parallelo- 
gram, by which it appears, that the pressure of the lower portion 
of the arch on the point R t , in the direction T, R„ is equal to the 
weight of 40° of the arch. 

In the same manner it will be found that the pressure of the 
upper portion of the arch on the point R„ in the direction T, R„ 
is equal to the weight of 50° of the arch. But the pressure in the 
direction T s R, is equal to the weight of 40° of the arch, therefore 
the pressure at the point R„ of the upper portion of the arch, 
upon the lower, is greater than that of the lower portion and its 
impressed force, on the upper. Therefore R. is not the first point 
of rupture. 

Take therefore, for trial, some other point nearer the crown ot 
the arch, for the point of rupture ; for it is evident, that as the 
point of rupture approaches towards the crown, the pressure on it 
from the left side, will be greater; and that from the right side be leas. 
Let this second trial point be 15° from the crown; repeat with re- 
gard to this point, a process similar to that above described, and as 
shown in the diagram ; and it will be found, that the pressure from 
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reviews. 

geometry for the million. 

Principle* of Geometry , Mensuration , Trigonometry, ?*nd Sur- 
veying, Znd Levelling. ^By Thomas Tate. London: Longman 
and Co., 1848 . . 

We have read this work with sincere regret : for in every point 
of view it is calculated to be injurious. It will be 

those who take it as a guide for the , "^“SairlyM- 

will materially injure the character which Mr. l ate had tairiy es- 
tablished by his previous writings, both as a 

instructor. We could, indeed, scarcely believe, whilst turning 
over the pages, that we had not taken up the wronr work ; u 
we once £Sy (under the impression that it could not have 
been written by Mr. Tate) turned back to the title-page o v fy 

OU Of , Mr 1 . ,e Tate’s other works, without exception, we think very 
highly. His treatise on “ Factorials' bespeaks twinUt ana- 
lytic^ power ; and though rejected by the »«yal8« 
we deem to he no criterion of the merit of the work), it contains 
much that is new, and the whole system is devdoped with persp - 
cuity and elegance. His “Arithmetic, again, lsjust what a treatise 
on arithmetic should be:-the rules are given clearly, and^such 
reasons or approximations to reasons as could be P 
bylhe minds of young students, are attached to _ the ru k» .The 
efficient demonstration the rules of arithmetic wnrtitutes the 

basis of algebra ; for we hold that algebra is fundamm telly only a 
statements the rules for arithmetical operation, obtained by in- 
duction from the particular instances supplied 

tion. We have no faith (because we have no^proof) in the doc- 
trine Of “ the permanence of equivalent forms, 88 .“^Hwerifi 
principle, apart from the evidence of induction and of the verifi- 
cation arforded by deductions from it. Again, m the Exercises 
on Mechanics and Natural Philosophy” A. Tate , has manifes ed 
consummate skUl, by exhibiting very simply and ve^clem-iy the 
primary laws of mechanical action ; and the exercises are “dm 
?ably chosen from amongst the most familiar combinations of ma- 
chinery, and the phenomena of daily observation, which tend to 
elucidate the principles very happily. , _ 

Our readers (and even Mr. fate himself) mu i to _ 

vinced that we are actuated by no hostile or 

wards that gentleman, when we express oiu- objections, and vei^ 
grave objections too, to his “ Principles of Geometry. For no 
other reason, indeed, should we have said so much y y 

P Our objection then is— that Mr. Tate has cither mi*oonoe»c»ed or 

misrepresented^ fundamentalcharacter of geometncalevidence an \ 
of geometrical reasoning. Either of these 'harges seems almost 
alike improbable the former in consideration of his B “ t1„n of 
his reputation, and his cleverness ; the latter, in conB ' \Ye 
his scholastic position and his high character for pr .^j we 
have no alternative to the one hypothesis but the ^other .and 
have no hesitation in saying that misconceptum is the real cause ot 
the objectionable principles of this work. We will state our 

n ™ «, b *” 

swsaii -=*£,1$ g&t«£s?c 


„ . . , « .,-Aprnpd Its most general theorems are 

XJ T “t.d». U £»n to, r 

syllogism ; .t”Orisual°aM tanrible properties of figures which are 
respecting the vis Fnrlid’s first book, together with those 

he has thereby been led to^i p legitimately 

‘Tf'ji'ttoi! iuSStThbl b"’bSf. llfiSKublSUbJ 

rather ... “Government Inspectors of Education — even 

of rSwL5Twi«Sl 

districts, require ! phenomena of nature and of mechanism, 

position oftheord.naryjbenome^ tion Popular ratherthan 

as well as of mere met oi co p ient . an( i helow a cer- 



the Serising of such P°P^ 8r v “?° d !! d 01 J^^lw^s the case, his 
been for many ^ 7 supposed without any diminution 
daily routine of duties W «* “M£ destroyed that vividness of 

of our respect for his todents^t easoning y w hich mathematical 

perception and JSL TRrce of evidence, 
science natural y p nrpJace of a work to ascertain the ob- 

• We c 10 ° k i; 0 /h C Zrwork i8 written, and^he principles on which 
ects for which that work is Mr . ♦rate’s preface, with 

the means wherebyjrst rMum <<m j lyed - n the word « our ” 

the first geometrical p terminology and popular traditions 

U rn, to... I ?» iST-nS' former ‘would 

of geometry is ve y j view • but it is not at all clear. 

from his subsequent remarks to be hi8^_ m .• questionab l e ; and 

Under either aspect, highest scientific and philosophical au- 

certainly by writers of the h.ghest^ scientin^ ^ ^ rf 
thonty, it is id y ®J e found t0 be the most inconvenient for 
covery is almost in vana y deve i op ment of scientific truth. 

&2S^bSST-Sl.«. - variance with this conun- 

^The^aShoris 3 delineation of that creature of his brain, the 
1 he autnors ucu . , ludicrous piece of seriousness : 

primeval geometer, amount of facts accumulated inde- 

oftfi^ns, or the tedious verbiage of a 
pendently oj toe jormat j/ j j j g more ] t ke the 

rigorous demms^ation re y tort ^ , anguage of an acc0 m_ 
raving of an dliterate ^ thu be caUe d a stray passage acci- 
plished geometer. Neit form; for the animus is the 

dentally expressed in a instanC e, he says a little further 

game throughout the wo k-on^rations contained in the following 

on (p. vi.). . , • niiritv have been preferred to the artt- 

treatise, conciseneM and P „y and he hag c P reate d his primeval 

ficial verbiage of a to . n “ prec i se views relative to 

and philosophical g formula of a technical logic, [with whom] 

the origin of ideas, or t / ^ g / ple ap peal to common-sense, or 

demonstration woud ^ su^cient to carry conviction to the 

‘" w » T^ nrtaeval geometer is created, too, as the Battersea- 
mind. 1 his primeval gc Enfclisbmen of science; and Mr. 

P rate er has f °faUified EucUd’s assertion as respects “a royal road to 

geometry 1" 
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We wish, however, to ask Mr. Tate a question or two on these 
subjects. What does he mean by 44 common-sense" in connection 
with the acquisition of science ? We often hear the phrase used, 
it is true, by men who call themselves 44 practical:” but as far as our 
memory goes, we have never heard it used by a scientific person 
in the way it is here used by Mr. Tate, though very often so by per- 
sons destitute of all science. In geometry we can attach no other 
notion to it than that it is intended to express the inference which 
we may draw from visual evidence, or from instrumental evidence 
at the least — in short, the evidence of experiment performed with the 
ruler and compasses, or perhaps with a somewhat sensible balance, 
such as those made by Bate, of the Poultry. Be it so— but do not 
degrade science by calling this 44 geometry.” 

Again, what does Mr. Tate consider to be 44 such an exposition 
as might be sufficient to carry conviction to the mind” of a learner? 
Judicious teachers, we have often heard, lament the imbecile facility 
with which conviction is carried to the minds of the most slothful 
pupils : they are most readily “convinced” by the bare words of the 
enunciation, provided they are excused the trouble of understanding 
it, and still more readily if they can be excused the trouble of prov- 
ing it. Common-sense people, and people without any sense at all 
except the five physical ones, are alike adroit learners under these 
conditions ; and it would seem that the founders of the Battersea 
Normal School knew pretty well what they were about, when they 
conceived that extraordinary scheme. Our own wonder is, not 
hat Messrs. Shuttleworth and Tuffnell should have founded at 
college for such purposes : — it is, that Mr. Tate should not only 
have ministered to this extraordinary system of training school- 
masters, but that he should have pushed himself forward into such 
unenviable notoriety f for a scientific man) as the Coryphaeus of a 
conspiracy for the abolition of pure geometry in England. 

Let not the import of our remarks be misunderstood. We take 
no objection, but directly the reverse, to the composition of works 
on practical geometry, apart from the demonstrations of the pro- 
cesses. The Elements of Euclid were never intended as a work 
to serve the wants of the artisan or draughtsman in his operations ; 
and it is very certain, that infinitely better constructions for prac- 
tical purposes of the few problems given in the 44 Elements” might 
be easily framed. Their proofs , however, must depend on proper- 
ties not laid down by Euclid. Yet it shows the paucity of re- 
source which our 44 common-sense” geometers possess, when we 
remark that nearly all these writers follow in the wake of Euclid in 
the most servile manner, and adopt not only his constructions, but 
even their very order, and almost his language. Let us have a good 
work on practical geometry by all means : let the constructions 
be accompanied by demonstrations or not, as may be deemed ad- 
visable by the author ; but still, let us not be beguiled into a belief 
that our constructions are true, by a few rambling, inconclusive, 
or utterly irrelevant sham-demonstrations, — alike discreditable to 
him who offers them as evidence as to him who so receives them. 
Give perfect demonstrations, or none. Take water, if you please, 
gentle reader, from the fountains of science ; but do not pollute, 
or allow others to pollute, the pure streams with such adulterations 
as those which we shall presently quote from the work before us. 

Mr. Tate does, indeed, pay some rather inflated compliments to 
the geometry of Euclid, — some 44 very fine writing,” no doubt : but 
the very form in which they are expressed is obviously intended 
for disadvantageous contrast with his own system of primeval 
geometry. The only book, in the author’s view, better than 
Euclid’s is Tate’s ! In our view, the only book worse than Mr. 
Tate’s is Mr. Andrew Bell’s, in 44 Chambers’s Educational Course” 
— not even Euclid’s Elements excepted. After his eulogy of 
Euclid, he proceeds : — 

44 However, it must be conceded, that whatever may be its excellences 
as a book of reference to the mathematician, its defects, as an initiatory sys- 
tem of geometry, are too apparent to admit qf even an apology . A great 
book is, in many respects, a great evil ; the very elements constituting its 
greatness,— its refinement and comprehensiveness, — tend to throw over it an 
air of mystery and dignity, which distracts and overawes the uninitiated 
student, in the place of giving him that encouragement and sympathy, which 
he certainly requires, in his first feeble efforts in the pursuit of abstract 
knowledge. The geometry of Euclid is a highly artificial system, which can 
only be read , thoroughly, by a person who is already a mathematician, and 
who can enter into its metaphysical subtilties, and beautiful yet operose de- 
monstrations. The principle of motion gives a simplicity and clearness to 
many geometrical conceptions, but from an imagined inconsistency in the 
use of such a method, Euclid employs it, neither for the purpose of demon- 
stration nor illustration. The method of superposition, which, in reality, lies 
at the very basis of geometrical demonstration, and, in many cases, gives a 
graphic interest to an investigation , is employed in the fourth proposition Of 
his first book, and then, as \jf ashamed of the lowly origin of geometry, h ft 
scarcely usa it afterwards. Many of his problems are solved by method 8 


which are never used in practice, for example, when a given portion is to be 
cut off from a straight line, instead of supposing the given portion to be 
simply transferred to, or placed upon the straight line, Ac., which we really 
do in practice, Euclid most describe circle after circle, in order to accomplish 
the problem. The doctrine of similar triangles is, unquestionably, one of 
the most important propositions in the whole range of geometry, yet the 
student is not permitted to understand this proposition, until he has gone 
through the fifth book, which, to a large class of students, must for ever re- 
main a sealed book. It is desirable that practical men should comprehend 
the leading propositions in solid geometry ; but Euclid's method of treating 
this subject, is so operose and refined, as to place it beyond the reach of per- 
sons whose time for study is limited , or whose mathematical talents are not 
qf a superior order." 

Now the gist of all this appears to be, that Euclid’s Elements 
may do well enough as a 44 book of reference for professional mathe- 
maticians,” but that it is preposterous to talk oi it as a book suited 
to educational purposes, either for the masses, or for intelligent 
persons in general. It is represented as a great book, remarkable 
only for its metaphysical subtilty and operose demonstrations — for its 
refinement and comprehensiveness — and for the affectation of mys- 
tery and dignity which overawes and distracts the student. It is 
hard to conceive that such a description of the 44 Elements” could 
have proceeded from any man who has read and understood that 
remarkable production. 

W e deny in toto. the statement that the geometry of Euclid is 
44 a highly artificial system.” in the ordinary sense of the words, 
44 that can onl^ be read thoroughly by a person who is already a 
mathematician. * If the order in which truths are capable of being 
successively deduced be a criterion of natural order, then the de- 
signation of artificial system as applied to the “Elements” becomes 
most signally inappropriate ; and as to the structure of the syllo- 
gism for rather enthymeme) in which Euclid delivers his reasoning, 
it will surely bear comparison, even for real simplicity , with the 
vague, unmeaning, slip-shod sentences which Mr. Tate has substi- 
tuted in its place. 

Euclid, it seems, was 44 ashamed of the lowly origin of his geo- 
metry" — viz. the method of superposition. Mr. Tate considers 
that it 44 gives a graphic interest to an investigation.” Now, it 
surpasses our power to conceive what sort of interest a “graphic 
interest” is : but we suppose the author to mean that the mind is 
interested in having its own reasoning functions performed for it 
by the eye and hand conjointly. Even then we cannot understand on 
what ground mere superposition can be supposed to give graphic 
results. Did space allow, we could easily explain the cause of 
Euclid’s sparing use of the principle, without suffusing the cheek 
or blanching the lip of the geometrical patriach with 44 shame.” 

As to the employment of the principle of motion , we have simply 
to ask, what advantages Mr. Tate thinks he can confer upon accu- 
rate geometrical reasoning by the introduction of it into geometry ? 
Nay, more, will he tell us how it would aid demonstration ? What 
organic definition would he give of a straight line ? What could 
he get from the organic definition of the circle, which is more or 
less than Euclid’s definition? Can he have forgotten that the 
cone, sphere, and cylinder are actually defined by their geneses ? 
Can he have forgotten that the favourite method of superposition 
is not discarded from the subsequent parts of Euclid’s Elements, 
where the principle could be made to facilitate the objects aimed 
at? We are sorry to come to the conclusion, but we can scarcely 
avoid the inference, that Mr. Tate has never 44 read and inwardly 
digested" the work which is the object of his animadversions — and 
we can have no scruple in concluding that he has never understood 
its objects, seized its import, or fully comprehended the system of 
philosophy of which it is one of the most enduring specimens. 

Mr. Tate says that 44 many of his [Euclid’s^ problems are solved 
by methods wKich are never used in practice ; and he instances a 
single one. Can he instance another f We can with tolerable con- 
fidence answer for himj — that with this single exception, there is 
not a construction given in the whole range of the 44 Elements,” of a 
problem which occurs in practical geometry, which we could not 
point out as being copied into recent, or comparatively recent 
works intended for the use of practical men. It is a perversion of 
the fact, and an abuse of the confidence placed in him by his 
readers, to make such unfounded assertions. That better practical 
constructions than many of them may be given, we have already 
said ; but that does not affect the present case. 

The objection that the doctrine of similar triangles is deferred 
so long, simply amounts to this : that proportion is made the fifth 
book instead of the first — which it might have been, and may, ac- 
cording to Euclid’s treatment of the subject, be made to follow the 
third proposition of the first book. W ould Mr. Tate obtain the 
doctrine of similar triangles without all consideration of propor- 
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tion ? On referring to his own wav of treating the subject (p. 43), 
we find an illogical attempt to explain the idea of proportion, and 
to demonstrate the properties of proportionals. It is at best illus- 
trative. If we must have similar triangles at an earlier stage of 
our geometrical career, it may be easily accomplished in a much 
better manner than this ; for instance, as Legendre has done, — by 
assuming the doctrine of proportion as one already known and de- 
monstrated by means of algebra. We do not ourselves recommend 
the method ; but it has this merit, that it is all fair and open, and 
does not conceal the difficulty by a series of demonstrative evasions, 
which merely delude the pupil into a belief that the doctrine is 
proved, when no real proof has been given. 

In the last place, Mr. Tate affirms that “ Euclid's method of 
treating the solid geometry is so operose and refined as to place it 
beyond the reach of persons whose time is limited, and whose ma- 
thematical talents are not of a superior order/' It is known to 
every one who is acquainted with the 11th and 12th books of 
Euclid, and the manner in which they are used in this country, 
that the first twenty-four or five propositions are as simple in their 
reasoning as the first book of the “ Elements and that all the pro- 
perties of solids which relate to volume or surface, form no part of 
our systems of academical reading. Mr. Tate must know this as 
well as we do ; and we cannot consider it ingenuous to represent 
the difficulties which are inherent in the parts which are discarded 
from our usual systems of education, as attaching to those which 
are retained, . Let us look to Mr. Tate s own work as regards these 
things. We find that with respect to the line and plane, he has 
nearly followed Euclid’s views, leaving out however some essential 
steps of the demonstrations, and modifying some others after Le- 
gendre. Then, with respect to the others, which have in modern 
times been turned over to the calculus in some of its forms, Mr. 
Tate settles the question very summarily, by the aid ofi we sup- 
pose, his “ common-sense," or his “ graphic interest." He settles 
it, in short, as “ common-sense" usuiuly does settle these things, by 
a gross mutilation of “ the arithmetic of infinites." There is, in- 
deed, no novelty in this : the only novelty is in seeing it done by 
any man who had previously acquired the title of a mathematician 
— and in our own day too ! 

We promised a specimen of Mr. Tate's tutorial scheme. Here 
it is : — 

“ Nearly all the geometrical knowledge contained in 
conveyed to the pupil in this manner. 

teacher . What is the line a b called ? 

Pupil. It is called a straight line. 

T. Of the two straight lioes a b _ 

and d c, which is the greater ? A 

P. The line a b is the greater. 

T. How should you ascertain this with certainty ? 

P. By laying the line d c upon a b. 

T. What sort of line is a r b ? 

t*. It is a crooked line. 



T. True ; but it is also Called a curved line. Whether is the curved line 
a r b or the straight line a b the shorter? 

P . The straight lioe a b. 

T. If you wanted to go from Battersea school to the church, in what line 
should you walk ? 

P. In a straight line. (Why ?) Because a straight line is the shortest 


distance between the school and the church. 

J. What have you to say relative to the two straight lines a— — b 

a b and cn? c d 

P . They appear to be of the same length ; and moreover they appear to 
lie even with each other. 

T> In other words you might say, cd-ai; and also c d is parallel to 

a b. Is c d now parallel to a b ? a b 

P. No j for c d would meet a b on the left side. c — - — 

7*. On which side would they now meet ? a b 

P. On the right band side. 


T. What is therefore the peculiar property or definition of parallel lines ? 

P. That if they be carried out ever so far, on either side, they will never 
meet. 

A surface is called a plane, or flat even surface, when the line between any 
two points upon it is straight. Thus the surface of the table is a plane if a 
straight-edge exactly fits it when applied in every direction. To ascertain 
when a surface is a plane, bring yonr eye on a level with it, and if yon find 
that every point in the surface can be seen at the same time, it will show 
that the surface is a plane. Our figures are supposed to be drawn on 
planes.” 


Such is the substitute propounded by Mr. Tate for the artificial 
verbiage of a “ technical logic,” and “ the tedious verbiage of a rigo- 
rous demonstration," such as geometers give us i It is very possi- 
ble that some readers may consider the substitute to be little else 
than the vulgar and illiterate verbiage, worthy only of the scientific 
charlatan, rather than of Mr. Tate and the Battersea Training 
College. 

Were this book merely thrown on the market for those who may 
wish to purchase it, our concern would be less than it is about such 
a work : but we have heard that all the schools in England which 
are under the control of the Government Board of Education, are 
likely to have it forced upon them, as the condition of their re- 
ceiving any part of the sums voted by the House of Commons in. 
aid of those schools. The dedication of the work to Dr. Kay 
Shuttleworth is ominous ; and the rumours which have reached us 
since we sat down to write, appear in perfect consistency with such 
a suspicion. Yet we can scarcely credit the rumour; and we be- 
lieve that such an adoption of it would create a degree of dissatis- 
faction with that decision of that Board amongst scientific men and 
the friends of real education, which would be very disagreeable to 
the Government, and which might endanger its possession of the 
patronage which it is the policy of the Government to extend in aU 
directions. 

Oh, no! despite the misrepresentations and perversions with 
which the “ Elements" is assailed, let us keep to the good old 
Euclid of our earlier days — unmutilated, and in his own venerable 
costume. The true spirit of geometry will be lost in England as it 
is elsewhere, if Euclid shall cease to be our text-book for the 
Elements of Geometry. 


A Treatise on Practical Surveying, as particularly applicable to New 
Zealand and other Colonies, containing an account of the Instruments 
most useful to the Colonial Surveyor and Engineer, SfC. By Arthur 
Whitehead, late Civil Engineer to the New Zealand Company. 
London : Longman, 1848. 8vo. pp. 196, with plates. 

The title of this work sufficiently explains* its object. The 
author, acquainted by experience with the particular difficulties 
and exigencies of colonial surveying, has here recorded a large 
amount of useful knowledge, which has probably been acquired 
amid many toils and hardships. To the English surveyor, accus- 
tomed to i cell-cleared country, the task of mapping-out the un- 
trodden wilds of New Zealand must be a new and formidable un- 
dertaking. The greatest difficulties of surveying at home, sink 
into insignificance in the colonies. Here we have open country, 
and the use of the instruments is little impeded by obstructions 
to vision — there the thick forest closes in on every side, impene- 
trable to the eye and almost to foot of man. Here there are well*- 
known way-marks and boundaries, of which every particular is 
already accurately ascertained and delineated — there everything is 
new and uncertain ; the endless, unvaried scene presents nothing 
but intertangled thicket, without mark or vestige beyond the rare 
and fading traces of the hatchet of the savage. Here we have 
high-ways and bye-ways for chariots and horsemen — there the 

{ doneer forces his way through a fence which is as thick as it is 
ong. Or else his journey lies over the treacherous morass. Or 
he must swim the unbridged, unfordable torrent. Or his path 
mounts up the steep hill-side, with some 1 10° of Fahrenheit, and 4 6° 
of angular acclivity against him. No cheerful hostel for him where 
he may turn in to tarry for the night. He must not ask, with 
Falstaff, w Mav I not take mine ease in mine inn ?" His inn is 
his blanket. His kitchen and larder are the basket which accom- 
panies him at every step. To hap on a place where food might be 
obtained by barter, would be as surprising to him as to meet a po- 
liceman or postman. He pioneers without a road, and thinks him- 
self fortunate if his course be along the mazes and rapid^ the 
rocks and shoals, of a mountain stream. 

It requires no ordinary energy to face such difficulties. And we 
may congratulate ourselves that the spirit of our nation renders 
Englishmen especially fit for occupations so arduous. The mania 
for enterprise which renders the English tourist the wonder or 
annoyance of the untravelled German or Italian, is turned to use- 
ful account when the wilds of the antipodes are to be marked out 
and plotted into farms and townships. Without this spirit there 
could be no sufficient inducement to begin this first attack upon 
nature. For these colonial surveyors are not civilizers, but the 
pioneers of civilization. They lead the forlorn hope. When they 
have made the breach practicable, others enter in and gather the 
spoil. 

The first chapter of the work before us gives descriptions and 
account* of the methods of adjusting the instruments chiefly em- 
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ployed in eolomal surveying. For instruments used in the -bush, 
portability is of course rather more important than it would be on the 
Sussex Downs. There are various risks from rough usage to be 
guarded against or remedied in the former situation which are com- 
paratively immaterial in the latter; and on all these points our author 
gives minute instruction. Chapters II. and III. detail the methods 
of laying out town and country lands, and the particular objects which 
demand the attention of the explorer are carefully explained. The 
fourth chapter (on practical astronomy) does not from its nature 
admit xnucn that is new, but appears to be a useful compendium. 
There are two other chapters, on marine surveying ana colonial 
roads, and some tables of mean refraction, corrections for the sun's 
declination, &c. On the whole, we are inclined to think that when 
the English surveyor packs up for the colonies, he ought to put 
Mr. Whitehead's treatise in a accessible corner of his portmanteau. 


IMPROVED MODE OF WORKING EXPANSIVE STEAM 
VALVES. 

Communicated to the Mining Journal , by Mr. Thomas Craddock, 
of Birmingham. 

Fig. 1 is an end elevation ; and fig. 2 a side elevation. In this 
•design, one eccentric, which is shown at 4, 4, 4, is made to give mo- 
tion to both the steam and expansive valves. The time at which it is 



Fig. 1 . Fig. 2. 


desired to open and close the expansive valve, in relation to the stroke 
of the piston, will be understood from the following description of 
the parts : — a a is the clip and eccentric rod, which communicates 
motion from the eccentric 4, 4, 4, to the expansive valve n, through 
the right angular lever b and d, which moves upon the pin c, which 
is attached to the small projecting parts **, which project from 
the lever //—the lever dd, terminating in a forked end, which 
takes into the groove of the circular ring e e , which ring is moved 
longitudinally by the action of the eccentric through the aforesaid 
lever 6 and dj j is another right-angular lever, which communi- 
cates motion to the expansive valve n, through the valve-rod n' . 
The pdrt represented at 1 1 , receives its support from the founda- 
tion, or other fixed part, to which the main shaft of the engiue is 
attadied, and has a projecting socket, on which the lever/, and 
ripgework — so that these parts have no direct communication 
with the main shaft. The ring does not revolve, but only partakes 
of the longitudinal motion imparted from the eccentric, and from 
thence through the levers / and n', to the expansive valve. The 
arc of the part marked 1 1 , supports the lever /—it being also gra- 
duated, indicates the point at which the steam is cut off ; as it 
will be seen that, hy moving the lever/ the whole of the parts 
aoybjdyhy and 9 $, me carried round with it to any desired angle in 
relation to the main crank of the engine, whereby the same thing 
i® effected as if the eccentric 4, 4, 4, itself were moved round, 
which governs the time Of opening and closing the expansive valve. 
Th^ part marked A A, is attached to the lever/ and nerves the 


purpose of steadying the eccentric clip, and also embraces the are 
t, so as to keep tne lever / firmly attached thereto. At q is seen a 
small lever, acted upon by a spring, having at the opposite end a 
pin, which, on passing througn the lever/ and arc t, holds the 
lever/ firmly in the desired position ; whereas, on pressing the 
smaller lever with the hand, the lever/ is liberated and moveable : 
3, 3, is the eccentric clip, which is supposed to work the steam 
valve. 


LLANDAFF CATHEDRAL. 

The Hittory , Pretent Condition, and Proponed Rett or et ten of LUtndaff 
Cathedral. Br Mr. T. H. Wyatt. — (Read at the Royal Institute of British 
Architect*, March 20.) 

Upon the hiitory of the cathedral, I shall not detain yon at any great 
length. The first bishop is stated to have been Dnbritius, who died i« 
522, on an island off the Caernarvonshire coast, and whose bones were in 
1120 translated to Llandaff by Bishop Urban, the founder of the present 
cathedral. 

Urban was consecrated the thirtieth bishop of Llandaff in 1108; and to 
him all concede the honour of having founded the present cathedral. At 
his first coming, he found his bishopric in a very poor and miserable condi- 
tion, — the church rased almost to the ground; and complaining thereof to 
the King and the Pope in 1119, he procured letters and gathered large sums 
together; he pulled down the old church, which was out 28 feet long, 15 
feet broad, and 20 feet high ; and in 1120, according to Leland and ’Godwin, 
— or in 1129, as stated by Dugdale, — he commenced the fabric dedicated to 
St. Peter and St. PauL Bishop Godwin (who wrote in 1691) describes this 
building as •* a very elegant one, 300 feet long, 80 feet broad, and adorned 
at the west end with two stately towers of great height, and a neat chapel 
of our Ladye : a work truly magnificent, and to be remembered with honour 
by posterity .” Urban died in 1133, whilst travelling towards Rome. From 
this period to the beginning of the last century there is no further record of 
any kind that I can And relating to the cathedral, and here conjecture must 
commence. 

If Bishop Godwin be correct in supposing the church commenced by 
Urban to have been completed by him with two towers and a Ladye cbapH, 
and to have been 309 feet long, it roust have disappeared between the period 
of his death (1133), and 1180 or 1190, which will, 1 think, be conceded as 
the earliest date at which the present Early English structure could have 
been commenced. The extreme length of the present building is only 269 
feet, and its breadth 76 feet. Of pure Norman work, aucb as we may be- 
lieve Urban to have executed in the beginning of the twelfth century, we 
only have the large arch between the presbytery and Ladye chapel ; the re- 
maining portion of a window on the south side of the presbytery, ao curiously 
stopped up at a later period ; portions of a Norman string-course, with a 
fret ornament, running round the walls of the presbytery (being the string- 
course of the Norman clerestory) ; a variety of Norman fragments wallml 
into the presbytery ; and the two doors at the west end of the north and 
south aisles, which, though later in their detail and finish than the large 
arch, may fairly be considered as of Urban’s time, particularly if he com- 
menced at the east end and worked westward toward these doors. 

The size* of the chancel arch, and the importance and decoration of the aisle 
doors, clearly prove that they could have formed no portion of the early and 
insignificant church knocked about by the Normans, -and eventually demo- 
lished by Urban ; for although the preservation of doorway* and chancel 
arches of Norman churches, rebuilt in the thirteenth and fourteenth cen- 
turies, is of frequent occurrence, yet in this instance I think they must have 
originated with Urban and not have been removed or perpetuated b.y him. 

The character and finish of the large arch at the east end of the presbytery, 
cleaily proves that it most have opened ioto a chancel or Ladye chapel : and 
thus we may believe Urban so far to have realised Godwin’s description aa 
to have completed, “ a neat chapel of oor Ladye.” And the existence of 
pure Norman work, so far westward aa the two aisle doors, may be taken aa 
presumptive evidence that Urban completed “ a work truly magnificent, and 
to be remembered with honour by posterity,” even if bit western towers 
were fabulous. Certainly these doorways are of rich and beautiful design, 
and the general character of aU the Norman work remaining is of u pure 
and good period, corresponding with Urban’s prelacy. What befel this 
Norman church, or bow it could have been so completely destroyed in the 
short period between Urban’s death and 1180 or 1190, as to have rendered 
necessary the almost entire rebuilding of the church in a new and distinct 
style, remains a mystery. Here are no traces of that gradual and dearly- 
marked transition from Norman to Early Eoglisb, which we find so evidently 
and so instructively displayed at Canterbury, Norwich, Gloucester, St. 
David’s, and Buildwas Abbey. With the single exception of the western 
doorway (in which the drcular arch is retained, though the detail of the 
shafts and mouldings are Early English), the new work was commenced free 
from any taint or prejudice of a past style, and stands forth as pure and 
beautiful an example of Barly English composition and detail as any with 
whioh 1 am acquainted. An able writer in the Mccktiologiet thus apeak* 
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of it : — “ The exquisite Early English work of this part of the church ia 
truly beautiful ; not the least idea ia obtained by the wretched drawing 
given in 4 Winkle’s Cathedrals.* To stand opposite the western front — itself 
once a marvel of art — and view through the now vacant and ruinous windows 
the paganized nave beyond it, with its flat pedimental roof, its ridiculous 
vases and urns, its stuccoed walls, is inevitably to feel the most forcible con- 
trast between the speaking graces of the Christian and the burlesque ab- 
surdities of the revived pagan style.'* 

Although from the affinity of England to Wales, where our ancestors 
sojourned, if not as absolute conquerors, yet as authorised visitors, we may 
fairly believe architecture to have been almost on a level in point of date, 
we can have no reason for imagining that the Welch were some 70 or 80 
years in advance of the English in the periods of their architecture, or that 
the change from the circular to the pointed arch, by us called “ Early Eng- 
lish," should more properly have been called 44 Early Welch." If this is 
allowed, 1 am unable to believe that any antiquary can assign an earlier date 
than 1180 or 1190 to the west front and nave of this cathedral; for though 
it is perfectly impossible to fix with peremptory certainty the exact date 
when one particular stage or style of art ended and another commenced, yet 
we find that from the period when the pointed arch first made its appearance 
and became blended with the Norman semicircle, years elapsed before the 
newer style or form had shaken off the influence of its predecessor. 

We find in numerous instances, as at Gloucester, Canterbury, the Temple 
Church, and St. David's Cathedral, that this transitional feeling existed in 
full force — nay, that the Norman preponderated — although the portions I 
allude to are well known to date about the eod of the twelfth century. You 
will, 1 think, share my disbelief in the theory that the pure and pointed 
work at Llandaflf could have been commenced sixty or seventy years before 
the Norman arch had elsewhere ceased to prevail. In Buildwas Abbey, 
which is one of the earliest transition works I know (the date of which is 
stated to be about 1135), the indication of Early English form or feeling is 
very slight. In the section of one of the bays of the nave of St. David’s 
Cathedral, built in 1180, you find the only Early English work consists of a 
small arcade, between two series of clearly-defined Norman arches ! — cer- 
tainly not a very convincing proof that Early English work was in existence 
in the sister cathedral of South Wales sixty years before this work was com- 
menced. 

Henry (prior of Abergavenny) was consecrated bishop of Llandaflf in 1191, 
and died in 1218. He may, with at least as much probability as belongs to 
some antiquarian assertions, be supposed, if not actually to have recom- 
menced the erection of his cathedral in the new style of his day, at least to 
have promoted works, the character and period of which are so evidently 
coeval with his twenty-seven years of power. 

The lower portions of the north tower, and all the remaining part of the 
south tower, the nave, and clerestory remaining, are all of the same pure 
Early English character. In the columns and arches of the nave and 
choir a slight variety of arrangement occurs without deviating from the 
style : somewhat more ornament is introduced, and by the time they reached 
the Ladye chapel, the gradation of style becomes apparent ; and with a 
view to give increased richness to this more sacred portion of the building, 
or from the more 44 decorated" fashion of the day, when they arrived thus 
far east, vaultiug is introduced, mullions and circles are executed in the side 
windows, and in the easternmost window tracery becomes apparent, until it 
almost assumes the character of a 44 decorated" window.* 

In the two bays of the presbytery a fault (as geologists might term it) 
occurs, which it is difficult to account for. These arches are evidently of a 
later and more depressed form than those in the nave and choir, and from 
their form and detail are of a later date than the Ladye chapel. Whether 
this portion of Urban's work may have remained uninjured and nndisturbed 
until after the completion of the Ladye chapel, when they may have thought 
it necessary to assimilate the Norman piers and arches more closely to their 
pointed neighbours, or whether some injury took place to this part of the 
cathedral, which rendered rebuilding necessary at a later period, I have no 
means of determining, but it is curious that in this portion of the building 
we find more Norman remains than elsewhere. There still exists the Nor- 
man string-course in its original bed, with a sort of 44 embattled fret" carved 
upon it, running round the three sides of the presbytery : we find plinths 
and portions of cylindrical shafts, which may have formed (as at Norwich) 
the arch between the choir and presbytery : there is the large Norman arch 
over the screen ; the curious remains of a Norman window, so unceremo- 
niously blocked up by the Early English architect who built against it ; and 
in the rough masonry of the walls of this part we find walled- up numerous 
fragments of Norman mouldings and ornaments. One might almost suppose 
this portion of Urban's original cathedral to have escaped the early destruc- 
tion I attribute to the rest of his building, and to have been preserved intact 
by the Early English architects who rebuilt it. At some later period, for 
fashion's sake, or from decay, we can imagine these arches to have been re- 
constructed or remodelled, leaving, as I believe they did, the Norman cleres- 
tory undisturbed- The string-course even now remains ; and in the view 
given of the north front by Godwin, in 1713 (when it was almost perfect), 
it will be observed that a semicircular and apparently Norman line of win- 
dows is shown in the clerestory of this part, as distinguished from the Early 


* There is good reason to believe that the Ladye chapel was the addition of William de 
Breos, the forty- third biahop, from 1*6 (to 12b/ . He naa buried close to the altar, and 
his tomb still remains. 


English in the nave. Of the hiatory of thia alteration or portion of the 
work, I can find no trace. 

The 44 decorated" altar-screen is stated, in Browne Willis’s, and all the 
other histories of the cathedral, to havebeen erected by a Bishop Marshall, 
who was consecrated in 1478 ; bat as the detail is pure 44 decorated," it 
must have been completed, in all probability, 100 years before this time. I 
have little doubt but that the piers and arches of the presbytery and this screen 
were erected at the same time, or by the same architect — ao opinion which 
is confirmed by the fact of the base moulding on the south side being raised 
considerably above the opposite pier on the north side, and corresponding 
exactly with the level of the base of screen and the base of the sedile which 
it immediately adjoins. The decoration and enrichment of this screen, attri- 
buted to Bishop Marshall, have, no doubt, reference to the painting and 
gilding upon it. 44 There are eleven niches in the principal level, painted 
with roses and hyacinths interchangeably." The centres of the roses and 
flowers of the hyacinths are gilt. The roses are white (which quite identi. 
fies the decoration with Bishop Marshall), — the white rose being the device 
of the bouse of York, used for decoration only in the reign of Edward IV. 
and Richard 111. Bishop Marshall having been preferred to tbit dioceae by 
Edwaid IV., the adoption of his badge was a natural and proper compliment. 
44 Under these eleven niches is a row of eight niches, painted in fresco, ex- 
actly like the former. At each end of these are three real niches painted 
in the tame manner ; within theae are two little ones, with a pilaster be- 
tween ; the ground- work throughout is interchangeably blue and red, and 
the ornaments over all the nicbea are gilt. At each end is a door leading 
into a vestry." Thus far I can confirm, from the remains of this screen, the 
description given by Browne Willis. He then proceeds to aay — 44 Above the 
altar-piece are two rows of large niches, m which formerly there have been 
figures. In both rows the middlemost niche is larger than the rest ; and on 
each side are two lesser ones. The two largest niches probably contained 
the images of our Lord and the blessed Virgin, and the other twelve were 
for the twelve Apostles. Under the two large niches are the ten command- 
ments, written with gold letters, within a frame, and over all ia a handsome 
freestone window." Unfortunately, the destruction of this upper portion of 
the screen has been complete (doubtless the work of puritan or political 
fanaticism). Nothing remains above this line, but we have found walled 
into the various portions of the structure fragments of corbels, canopies, and 
buttresses, which evidently, from their size and form of moulding, belonged 
to this screen. * % 

From the period w hen Godwin described Urban's church to have been 
complete, of certain dimensions, and a work truly magnificent," there is no 
notice of the cathedral until 1719, when Browne Willis, an antiquary of that 
day, as he says, 44 collected together various records and matter, and gave 
with bis work certain draughts of the said church, in order to illustrate the 
descriptions thereof." These draughts, as you may imagine, are not very 
clear in their distinctions of style, or in the best possible perspective, but 
they are roost valuable as helping the description , as being the only records 
we have of what the old cathedral was (before lightning, storms, and Wood 
of Bath played such havoc with it) ; and, consequently, as being our princi- 
pal guide and authority in the restoration. It was then falling into a state 
of deplorable decay, though perfect io its internal arrangements. There 
was a large building in front of the south Norman doorway, which he calls 
the 44 Consistory Court and a porch opposite the 44 decorated" south 
door. Both these excrescences have disappeared, and 1 should much doubt 
if they formed any portion of the original design. 

Soon after Browne Willis's survey, destruction had full sway. On the 
20th of November, 1720, the remaining battlements and pinnacles of the 
north tower (which had escaped the storm of 1703) were blown down, and 
destroyed a considerable portion of the north aisle. On the 6th of February, 
1722, the “roof and floor of the south tower fell in, and destroyed a good 
deal of the church." The complete ruin of this old structure must have fol- 
lowed very rapidly on Willis's visit ; and in 1724 we find the Archbishop of 
Canterbury interesting himself iu its proposed rebuilding (1 cannot say re- 
storation). He obtained 1,000/. from George L, and, like our bishop of the 
present day, tried in vain to get anything from the Prince of Wales. Suffi- 
cient funds were, however, eventually raised to erect the frightful shell 
which now encases the original piers and arches. 

About 1735, Wood of Bath, commenced the desecration of this find old 
work, and of his own prior fame : for most assuredly a more barbarous or 
tasteless grafting of uncongenial modernism upon an ancient stem was never 
perpetrated ; and never was the sarcasm of the historian Whitaker more 
justly deserved than in this instance. He says — 44 The cloven foot will ap- 
pear ! for modern architects have an incurable propensity to mix their own 
absurd and unauthorized fancies with the genuine models of antiquity ! They 
want alike taste to invent, or modesty to copy." All that can be said in 
extenuation is that the corrupt taste of that day gave a fashion to this work, 
the power of which Wood may have been unable to resist ; 1 wish it was in 
evidence that be had tried to do so. That this fashion approved such bar- 
barism may be inferred from the accompanying letter, which 1 find copied in 
the 44 Cole’s MSS." in the British Museum. It is written by a Rev. Tbot. 
Davies to Browne Willis, who appears still to have taken much interest in 
the old wreck : — 

44 23rd Nov. 1736. — The church on the inside, aa far u 'tia ceiled and 
plastered, which is something beyond the west end of choir, looks exceeding 
fine, and is a very stately and beautiful room. The area of the whole church 
is to be considerably raised, to that when finished it will (in the judgment of 
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roost people who have seen it) be a very neat and elegant church, unless, 
indeed, the altar-piece, which looks like a huge portico, spoil the whole 
effect.” 

Mr. Cole illustrates his amusing MS. by elevations of the west and south 
fronts, and a view of the altar portico, which it was feared (and not without 
some reason) might mar the whole effect. 

We find no traces of the portico at the west end, nor can I learn that the 
pigeon-house cupola was ever carried into effect. The altar was removed 
some few years ago. 

The bishop's throne, the pulpit, and stalls consist of an Ionic colonnade, 
with niches at the back; they still exist in their pristine propriety and 
beauty, and I can conscientiously recommend them to any architect about to 
build assize courts; the pulpit and throne would form admirable judge's 
seats, and the stalls a* most dignified row of seats for the magistracy. 

I do not imagine that much was done to Mr. Wood's structure until 1840, 
when the plaster ceiling and lead over the nave being in a very bad and un- 
weathertight condition, a considerable sum was expended in repairing and 
making good as it then existed. 

So much for the history of the cathedral. A very few words will describe 
its condition when the present restorations were commenced. 


RSGX8TER OP NSW PATENTS. 


PRESERVING AND COLOURING WOOD. 

Francois Augustin Renard, of 40, Rue du Rocher, Paris, mer- 
chant, for 44 Improvements in preserving and colouring wood .” — 
Granted August 19, 1847 ; Enrolled February 19, 1848. 

This invention consists in a mode of constructing apparatus in 
which a vacuum can be produced, after the same has been applied 
to one end of a log of wood ; so that a preserving or colouring 
liquid, contained in a suitable vessel or receptacle at the other 
end, will be caused, by atmospheric pressure, to pass through the 
log in the longitudinal direction of tne fibres. 

The annexed engraving is a side elevation of the apparatus em- 
ployed. a is a metal cylinder, provided with a top-piece b, f rom 
which is suspended a rod, with a piece of perforated metal or wire 



gauze attached to its lower end. c is a metal disc, fixed to the 
cylinder a, having an opening at its centre, communicating with 
the interior of the cylinder ; and between this disc and the end of 
the log of wood d, a narrow leather washer e, is interposed, so that 
there will be a small space left between the log and the disc. The 
position of the log upon the frame l, is to be adjusted by the chain 
and the screw a ; f is a collar, placed around the log of wood, hav- 
ing a chain attached to it, and by which the wood may be moved 
to and fro, as required, upon the frame l, by means of the screw g : 
in turning the screw, by means of the lever, the chain will act upon 
the collar f, either to bring the block nearer or remove it farther 
away, as may be required. The other end of the log is enclosed 
in a bag h, of impermeable material, which is connected to the 
cock of a vessel i. containing the preserving or colouring liquid. 
Now if a vacuum t>e produced in the cylinder a, the pressure of the 
atmosphere upon the surface of the liquid in the vessel i, will force 
it through tne log. The vacuum may be obtained by any con- 
venient method ; but the patentee prefers to produce it by dipping 
the wire gauze, carried by the rod of the top-piece into some in- 
flammable matter (such as alcohol), and introducing it in an ignited 
state into the cylinder a ; the air will then escape through the 
cock k, which is to be left open for that purpose, and is to be closed 
as soon as the required vacuum is obtained, as indicated by a small 
barometer m, connected by a tube with the interior of the cylinder 
a. WTien the moisture of the wood, or the preserving or colouring 
liquid, has been forced by the pressure of tne atmosphere into the 
cylinder a, the vacuum will be destroyed, as will be indicated by 
tne barometer m ; the cock k being then opened, the liquid will 


run into a vessel n, beneath ; after which, a vacuum is to be pro- 
duced in the cylinder a, as before. 

The passage of the liquid through the log may be accelerated 
by a force-pump or other suitable means. Although the log is 
snown in a horizontal position, yet it may be operated upon in a 
similar manner when in a vertical position, by substituting for the 
bag h, and vessel i, a vessel with a suitable opening in the bottom 
of it to receive the end of the log. When the log or piece of wood 
is square, then, instead of the bag h, and vessel i, a trough is used 
to contain the preserving or colouring liquid, and the whole of the 
log is immersed therein, excepting the end to which the metal disc 
is applied. 


REFINING SILVER AND LEAD. 

Arthur Harry Johnson, of Gresham street, City, assayer, for 
“ Improvements in refining silver and lead, by effecting a saving in one 
of the materials used? Granted September 23, 1847 ; Enrolled 
March 23, 1848. 

The improvements consist in restoring after use, and rendering 
again available, the phosphate of lime or bone-ash, whereof the 
cupel or test used by refiners of silver lead is composed, and in the 
process saturated with lead, and a portion of silver. For extract- 
ing this lead and silver, the course usually adopted is to return the 
used cupel to the furnace, by which means the whole of the satu- 
rated bone-ash is destroyed ; while portions of the lead and silver, 
combining with the phosphoric acid of the bone, pass off, and are 
lost. By the improved method, little or no waste occurs of either 
the bone-ash, silver, or lead. 

. To carry out the invention, a solvent of the oxide of lead is used 
in the following manner : — First reduce the used cupel to a fine 
powder ; then add a sufficient quantity of pyroligneous or acetic 
acid, varying from 1*009 to 1*048 specific gravity, according to the 
per-centage of lead contained, to render it of a thin consistence, 
that it may be thoroughly stirred in a dolly-tub, or some such con- 
venient machine, or by allowing the acid to percolate through the 
powdered test. After allowing the powdered cupel and acid to 
remain together for two days (during which time occasionally stir 
them well together), the bulk of the lead becomes dissolved. The 
mixture is next put into cloth or flannel filters, or other percola- 
tors, to allow the lead solution to drain off ; this done, remove the 
remaining soluble salt of lead, by washing it with water and by the 
application of pressure, previous to drying the resulting bone-ash. 

After the above process, the silver, ana some lead, still remain 
in the bone-ash, though not sufficient lead to materially interfere 
with its absorbent powers, on again using, provided it has been 
properly freed from the lead solution. If, however, it be wished 
to extract the lead more perfectly, add a second portion of the 
acid to the filtered or drained bone-ash, and again thoroughly stir 
it in this second acid — the washing and pressing, as before described, 
following this second operation. To bring the lead, contained in 
the solution, into a marketable form, after due saturation, either 
simply evaporate it in proper pans to make sugar of lead, or by 
means of the several re-agents commonly employed, form respec- 
tively the carbonate, the sulphate, the sulphuret, or other com- 
pounds of lead that may be desired. 

Instead of pyroligneous acid, a solution of caustic potash may be 
used, or soda, containing about 20 per cent, of the pure alkali ; 
but this has not been found so useful in practice. 


GAS STOVE. 

William Brock k don, of Devonshire-street, Queen-square, Mid- 
dlesex, for “ Improvements in heating rooms or apartments . — Granted 
September 9, 1847 ; Enrolled March 9, 1848. 

This invention relates to heating rooms with gas. It consists 
in so constructing stoves or fire-places which are open in front 
that gas may be burned therein, and the decomposed air and pro- 
ducts of combustion pass into chimneys, as fiom open fire-places 
or stoves when burning coal. The stove or fire-place may be con- 
structed as nearly as may be like those now used with open fire- 
bars, and may have a bottom grate similar to what are used for 
burning coal, and they may be made to fit the fire-places as at pre- 
sent constructed, or the stoves and fire-places may be greatly 
varied in design, so long as the stoves or fire-places are capable of 
consuming gas in an open fire-place communicating with a chimney 
or flue. 

In order to give a gas stove constructed according to this invent 
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tion, as much as possible the character of the present open fire- 
places used for consuming coal) they are to be made with a front 
grating or bars, against which is to be placed lumps of pumice- 
stone or other substances which will allow of being heated by the 
flame of gas and yet not consume. The front bars should be made 
nearer to the back of the stove than wh en for burning coal, and so 
that there shall be but small space bet ween the back of the stove 
and the front bars ; or such substances may be placed in a wire or 
other frame suspended near to or amidst the names of gas where 
the form of the stove or fire-place is not otherwise adapted to re- 
ceive such substances; and in some cases the front bars of the 
stove or grate are made hollow, so as to allow gas to pass from a 
supply -pipe into tnem, and thence to pass out through perforations 
so as to produce numerous small flames which may be partly in- 
ward towards the pumice-stone, so as to heat the same, and other 
flames may be outwards through between the front bars of the 
stove or grate, and the front bars in place of being simply across 
the fire-place may be made into any fanciful form, such as basket 
work or otherwise, to hold the pumice-stone, or other substances. 
Or in place of having the front bars or open grating hollow and 
perforated to produce numerous jets of gas, the jets of gas may be 
wholly or partially from the bottom or the back or sides of the 
open fire-place or stove. And it should be understood that it is 
essential to this invention that the apparatus should be open 
to view, and also be open to a chimney or flue, so that the 
gas in burning may give heat to the room or apartment without 
the decomposed air and products of combustion caused thereby 
coming into the room or apartment, and at the backs and sides of 
such stoves or fire-places, bright steel, glass, china, or other re- 
flectors, may, with advantage, be placed. It is not essential to this 
invention that the open gas fire-place should have a receptable for 
the pumice-stone or incombustible substances, as the same may be 
dispensed with, but it is preferred to have an arrangement for re- 
ceiving such substances, as thereby the cheerful character of the 
old English fireside is retained. And the inventor believes that 
the most elegant result may be obtained by using jets of gas from 
front bars or grates combined with jets of gas from bars or appa- 
ratus at bottom, so arranged that air may (as is now the case when 
burning coal) pass up between the bottom, the lower bars in such 
case supporting the pumice-stone or other substance, for by such 
means, oy a comparative small consumption of gas, the appearance 
of a large flaming fire may be produced. 


JENNINGS'S PATENT INDIA-RUBBER TUBE COCKS. 

This improved cock is made by placing a flexible india-rubber 
tube of any required size within one of metal, as shown in fig. 1 ; 



Fig. l. 


and then by mechanical means to flatten the flexible tube, as shown 
in fig. 9. 

The advantages which the patentee states this cock possesses 
over any at present in use are — 1st. The ease with which it can be 
at all times opened or shut, and the means used for that purpose 
being so simple, it cannot be set fast by corrosion or become in- 
jured by frequent use. 2nd. When open it is part of the main or 
pipe, as shown in fig. 1, and presents the same uninterrupted pas- 
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sage as the pipe itself, and as the means used for closing or stop- 
ping the circulation have no communication with the»gas or water 
passage, leakage is impossible. 3rd. It will be seen by fig. 2, if the 
vulcanised india-rubber tube be properly flattened the cock mustfbe 
sound. 4th. These cocks are capable of standing any pressure, as 



the elastic material of which the cock is composed never can be- 
come injured by pressure, as long as the metallic casing which sur- 
rounds the flexible tube remains perfect. 


SEPARATING IRON FROM ORE. 

Arthur Wall, of India-row, East India-road, Middlesex, for 
“ a new or improved apparatus for a method of separating oxides from 
their compounds and each other" — Granted October 14, 1847 ; En- 
rolled April 14, 1848. 

The apparatus is for separating iron from the ores of copper, &c., 
and consists of two hexagonal drums with an endless chain pass- 
ing over them, made by connecting with links a number of horse- 
shoe magnets ; on the extremities of each of the magnets a number 
of steel blades are so fixed as to stand out at right angles to the 
magnets. These drums are made to revolve over a trough in such 
a position that while the chain of magnets passes immediately 
above the trough the steel blades reach nearly to the bottom ; the 
bottom of the trough being inclined at each end, so as to corre- 
spond with the direction of the blades. The ore (previously 
roasted and ground) being introduced at one end of this trough 
the blades, as they pass through it, will take up all the iron con- 
tained in it and carry it to the other end ; and, indeed, would 
bring it all back again in the next revolution but for the following 
arrangement. Opposite the point where the blades emerge from 
the trough, a set of magnets are fixed to a frame with their poles 
in the reverse order to those forming the chain, so that when the 
steel blades come opposite these fixed magnets, their magnetism 
is neutralised, and the iron which they had collected in the trough 
falls off, and is collected in another trough placed beneath to re- 
ceive it. The patentee does not confine himself to the permanent 
magnets, but he claims also the use of electro-magnets, though he 
prefers to use the former as being more convenient. 


Plate-Glass. — -Patented October 7, 1847, by James Hartley, 
of Sunderland. The improvements relate to the manufacture of 
rough plate-glass immediately prior to the pouring of the melted 
glass or metal upon the table, and rolling. — Instead of lading the 
melted metal into a separate cistern as usual, the patentee lades it 
direct from the melting-pot to the pouring-table, where it is im- 
mediately poured and rolled. The patentee employs, for the pur- 
pose of lading the melted metal, should the quantity required be 
large, two or more ladles ; and he states, it is not absolutely neces- 
sary that the whole should be poured at the same moment upon 
the table ; but the second ladle may commence to be poured at 
nearly the termination of the pouring of the first ladle. After the 
manufacture of the rough plates, they are to be piled and annealed 
in the same kind of furnace and in the same manner as crown or 
sheet glass, thus dispensing with the more expensive annealing 
furnaces employed for plate-glass. 
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PORCELAIN KILN. 

Alfred Vincent Newton, of the Office for Patents, 66, Chan- 
cery-lane, Middlesex, mechanical draughtsman, for “ an invention 
of an improved kiln or oven, for firing porcelain and other similar wart.” 
(A communication.) — Granted July 29, 1847 ; Enrolled January 
29, 1848. [Reported in Newton s London Journal .] 

The inventor, in order to explain more fully the nature of his 
improvements, has prefaced his specification with the following ob- 
servations, explanatory of the ordinary mode of firing or baking 
hard porcelain, and the difficulties and objections incident thereto. 

The employment of pit-coal as a fuel for firing or baking hard 
porcelain nas hitherto been thought impossible, or at least subject 
to almost insuperable difficulties. It was thought that the hard- 
ness and infusibility of the clay (kaolin), and the high degree of 
heat necessary to fuse or melt the glaze which is employed to cover 
hard porcelain, were insurmountable obstacles. A long and suffi- 
ciently large or extensive flame to occupy the whole space of the 
oven or kiln is indispensable for this kind of manufacture ; and 
the liability of the matters composing the hard porcelain to become 
discoloured, rendered this superabundance of flame the more ne- 
cessary, in order that no smoke might be allowed to remain in the 
kiln or oven. It is requisite, therefore, to cause pit-coal to develope 
such an amount of flame as would have the same effect, and would 
act within a given time in the same manner as wood. 

The matters of which hard porcelain is composed, are divided 
into two classes, — first, the paste or clay, which is a principal ele- 
ment ; and second, the glazing or enamelled covering. The paste 
or clay consists essentially of two elements ; the one is an infusible 
argillaceous matter, — this is kaolin, either alone or mixed with 
plastic clay, or with magnesite, — the other, arid and infusible, is 
given by felspar or other stony minerals, such as siliceous sand, 
chalk, or gypsum, either separately or mixed together in different 
combinations. The enamel or glaze consists of quartzoze felspar, 
sometimes alone and sometimes in combination with gypsum, but 
always without either lead or tin. Hard porcelain must, in fact, 
be considered as hard compact impermeable pottery-ware, which is 
essentially translucid, and ought not to be confounded either with 
stone- ware, delph-ware, pipe-clay, or even with the ordinary tender 
English porcelain. The kilns or ovens for firing or baking hard 
porcelain are generally cylindrical, and divided into two chambers 
or laboratories, one placed above the other. The upper laboratory 
is supplied with heat from the flame of the lower laboratory, and 
serves to warm or heat the articles, which, when taken from thence, 
8re dipped into the glazing composition, and afterwards exposed 
to the great heat in the lower laboratory, which may be properly 
said to constitute the kiln. The fusion of the glaze or enamel, as 
is above said, requires a very high temperature ; and it is in the 
laboratory where this operation is carried on that the temperature 
is raised to the highest degree. In both these laboratories the 
articles must be inclosed in fire-clay vessels or seggars, which 
should be carefully closed, in order to prevent the admission of 
deleterious matters. The necessary amount of flame and heat may 
be obtained by increasing the number of fire-gTates and openings 
for the flame : thus a kiln or oven, six yards in diameter, which, 
when heated with wood, requires six openings, must have ten when 
pit-coal is employed. A kiln or oven, five yards in diameter, would 
require only five fire-grates for wood, but must be furnished with 
eight for coal. A kiln or oven, four yards in diameter, heated by 
wood, would require four fire-grates and apertures for wood, but 
must have six for coal. In order to make the flame sufficiently 
long and abundant for the requirements of the manufacture, the 
combustion ought to be supplied with a double draft, or additional 
currents of air. Thus, besides the supply furnished between the 
fire-bars from the surrounding atmosphere in the workshop, air 
obtained from outside is conducted by horizontal channels to the 
fire : that is to say, besides the ordinary supply of air, an additional 
quantity, obtained from the external atmosphere, is made to act 
with energy on the fires in the grates. By this means, the kiln is 
supplied with a very large and superabundant supply of air, which 
furnishes the fuel with a much greater quantity of gas to decom- 
pose. 

The engravings represent a kiln or oven, constructed according to 
the present improvements ; and it should be observed, that it is 
always easy to obtain the necessary quantity of air, by taking it 
from the atmosphere of the workshop, either by having an aperture 
or grating at the end of the ash-pit, or by making openings below 
the fire-bars in the two side walls of the rurnace. 

The improved system of firing or baking may be applied to all 
kilns, whatever may be their form or dimensions ; and, by means 
of a double roof in the upper laboratory, hard and tender porcelain 


may be fired in the same kiln simultaneously : that is to say, hard 
porcelain may be baked or fired in the lower laboratory, at the 
same time that tender porcelain or common earthenware is being 
fired in the upper laboratory. In manufactories where at present 
the baking of biscuit-ware and glazed ware is carried on in separate 
kilns, it will be evident that these kilns may, by the application of 
a double roof, be more advantageously employed in the following 
manner: — In the biscuit kiln, heretofore employed, delph, or 
earthenware, or unglazed tender porcelain, may be operated upon 
in the lower laboratory, while hard porcelain may be dried and 
heated in the upper laboratory ; and in the other kiln, formerly 
used for glazing, the hard porcelain should, on the contrary, be 
placed in the lower laboratory, to be baked or fired ; and glazed 
delph, or earthenware, or tender porcelain, may be operated upon 
in the upper laboratory, — the heat in which will be found sufficient 
for this Kind of ware. 

The kilns being furnished with the required quantity of fire- 
places, the combustion must be kept up, by supplying an excess or 
superabundance of air. obtained either from the external atmo- 
sphere or from the workshop, and supplied in some convenient and 
suitable manner, depending of course upon the situation of the 
kilns, their peculiar construction, and otner circumstances. The 
fire should be gradually supplied with fuel, at first at long inter- 
vals, then at short intervals. The state of the fire-place should be 
looked to carefully, for it is the rapidity of the combustion of the 
coal which indicates the quantity of fuel that is required, and the 
moment when the charges are to be thrown on quickly. The fire- 
places must be well watched, for the purpose of levelling the fuel, 
bo that the fire-bars may be suitably and evenly covered, and that 
air to support combustion may always find a proper passage. It is 
also necessary to rake the fire frequently, in order to clear out the 
cinders, arul to prevent the fire-bars from getting foul, and to re- 
move clinkers tnerefrom, which would otherwise stop or diminish 
the combustion. Holes through the mass of fuel should never be 
allowed to exist, and the flame should always be well watched ; 
and the baking or firing operation always be carried on with a long 
flame. All these precautions are necessary, in order to obtain very 
pure and white porcelain, as the defects of the firing operation 
arise most frequently from the want of a proper flame. 

Fig. 1 represents a transverse vertical section, taken through 
the centre of a kiln of the improved construction ; and fig. 2 is a 



Fig. 1.— Section. 


Fig. 2. — Plan 


horizontal section or plan of the same, a is the outer chimney or 
flue of the upper second laboratory ; b is an upper chamber, which 
may be used for drying or heating ; c is a roof (shown by dotted 
lines), which will be required if it is intended to bake or nre both 
tender and hard porcelain in the same kiln ; d is the flue of the 
lower chamber or laboratory ; e e are passages or openings, of which 
there are the same number as there are fire-places in each kiln ; 
these passages should be placed between the fire-places, and open 
a communication from the lower to the upper laboratory, ff is 
the lower laboratory, where the principal firing or baking operation 
is carried on; g g g, are the fire-places ; and h h h, openings, to- 
allow the flame to pass therefrom into the interior of the kiln, i *% 
are the fire-bars; j j, the fire-doors; k, the ash-pit; and / 1, pas- 
sages communicating with the ash-pit from the external atmo- 
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sphere, to supply air to the lire : this object may, however, be 
effected by making an aperture in the front wall of the fire-place, 
immediately below the nre-box and grate-bars, n n, is the floor or 
hearth of the kiln, o o, are holes, covered up in any suitable man- 
ner, but communicating with the ash-pit, ana intended to allow of 
the scoria, cinders, and clinkers being removed, p p, in fig. 2, 
show another manner of supplying air to the fire-places, by making 
openings in the side walls of the same, q represents another mode, 
by which air is supplied from the atmosphere of the workshop 
through a grating communicating with the ash-pit. The inventor 
remarks that, whatever may be the mode adopted for supplying 
the air to the fire, the same plan should be invariably adopted in 
all the fire-places of the same kiln. 

The patentee, in conclusion, states that he is aware of coal hav- 
ing been used for heating the kilns in which common earthen or 
delph-ware, and even tender English porcelain is commonly baked 
or fired, — he does not, therefore, intend to claim the employment 
of pit-coal for such purposes as constituting part of the present 
improvements ; but he claims, First, — the application of coal for 
heating the kilns or ovens in which hard porcelain is submitted to 
the baking or firing operation ; and, Secondly, — the arrangement 
or construction of kilns or ovens, as herein shown and described, 
or any mere modification thereof, whereby pit-coal may be employed 
as the fuel for heating such kilns or ovens for firing or baking hard 
porcelain, in the place of wood, which has heretofore been employed 
tor that purpose. 


ON GEOLOGICAL CHEMISTRY. 

A lecture on “ The Application of Chemical Principles to the Science 
of Geology .” By Professor Daubeny. — ( Delivered at the Royal 
Institution, Albemarle-street, March 24th.) 

The Professor commenced his lecture with some preliminary ob- 
servations, in which he said, he had for the last twelve months de- 
voted his leisure to the accumulation and study of facts in relation 
to volcanic forces ; and having, in this pursuit, travelled a good 
deal along the great boundary line dividing the two kingdoms of 
geology and chemistry, he had obtained glimpses of truths, which 
neither the pure chemist, nor the pure geologist might have had 
the same opportunities of observing — the result being, his entire 
acquiesence m the opinions of some of the greatest authorities of 
the present day, that geological inquiries oiight, in future, to take 
more exclusively a chemical direction. The learned professor 
then proceeded to allude to a subject of geological inquiry, which 
seemed to him above all others to demand the assistance of the 
chemist — namely, the metamorphic action which had taken place 
between certain contiguous but dissimilar rocks — the one of erup- 
tive, the other of sedimentary origin. A large amount of infor- 
mation had been collected by geologists, in respect to different 
kinds of metamorphic action, and their effects ; but as to the man- 
ner in which these effects were produced, they would look in vain, 
unless the chemist also were appealed to. One thing appeared to 
be established — namely, that the production of mineral veins was 
connected with the intrusion of plutonic rocks, and with the 
changes brought about by them in the contiguous strata. 

Few metallic deposits occurred in the secondary formations, and 
even these only when there was dislocation or metamorphic action 
in their neighbourhood ; while, on the other hand, metallic veins 
were never found in modern lavas, or in volcanic products that had 
been erupted in the open air, though several geologists had brought 
forward facts to prove a connection between metallic matter and 
basaltic or trappean dykes. There were various theories to ac- 
count for the formation of mineral veins — the first supposed them 
to be the result of infiltration, the water which percolated the 
substance of the contiguous rocks cariying with it the several 
mineral matters they contained, and afterwards depositing them 
upon the walls of fissures caused by the contraction of the sur- 
rounding parts ; the second supposed the materials of the vein to 
have been held in solution by water, but deposited in an insoluble 
form, owing to slow electro-chemical action ; the third hypothesis 
assumed, that the contents of the vein, being separated from the 
other materials by sublimation, found their way into fissures, 
existing either in other narts of it, or in the contiguous forma- 
tions. No doubt many facts might be alleged in favour of each 
hypothesis. In the first place, granting that a given rock con- 
tained, disseminated through it. any quantity of an oxidisable 
metal, such as iron, copper, lead, or tin, and that these were al- 
ready in combination witn sulphur, the action of water and air, by 


generating sulphuric acid, would gradually give rise to soluble 
sulphates, whicn might find their way into the contiguous fissures, 
where, owing to certain electrical or chemical reactions, the metals 
would be deposited in an insoluble form. Decomposition could be 
brought about by weak electrical currents ; and thus the second 
hypothesis might be brought in to explain what was left unac- 
counted for by the first. But both presupposed the existence of 
metallic matter in the rock from which the veinstone was derived, 
for it was evident that these several metals could not be present, 
in the requisite quantity, in strata deposited from water, or all 
our mineral springs would contain traces of them, just as they did 
of the silica and other substances supplied by the rock through 
which they had been percolated. He could not, therefore, hdp 
supposing, that the mineral matters, which had been confined to 
the neighbourhood of plutonic rocks, were, in the first instance, 
derived by igneous agency, which constituted the machinery by 
means of which the more uncommon metals were brought origi- 
nally from the depths to the surface of the earth. It was re- 
markable, however, that they were not confined to the intrusive 
rock itself, but, in many instances, were in the metamorphic strata 
contiguous. There was, also, evidently a connection between the 
metallic matter in the vein and the character of the enveloping 
rock, seemingly showing, that the ingredients of the former were 
not sublimed directly from the interior of the globe, but had been 
introduced from the formation in contact with the vein. Thus 
Fournet had stated, that at Andreasburg, in the Hartz, the veins 
became poorer in metal when they passed from the clay-slate for- 
mation into the flinty-slate ; and Voltz mentioned a vein in the 
Vosges which, in traversing successively different varieties of 
gneiss, had its contents modified in each. Thus, in the first va- 
riety, which was charged with mica, the vein was small in its di- 
mensions, and wholly destitute of metal; in the second, which 
had more of the character of clay-slate, it swelled out to a width 
of 18 inches, and contained silver, combined with antimony, 
copper, &c., together with sulphate of barytes; in the third, 
which contained hornblende, the former were wanting, but the 
last-mentioned ingredient continued ; while, in the fourth, which 
was wholly destitute of mica, the silver returned for a certain 
distance down, but was afterwards replaced by selenite, galena, and 
sulphur, in small quantities. Sir H. de la Beche mentioned 
similar cases in Cornwall ; and the frequency of their appearance 
compelled the admission, that the materials of the vein were, in 
many instances at least, dependent upon the character of the 
rock which it traversed ; so that, supposing them derived origi- 
nally from the same ipneous source, a process of segregation had 
subsequently taken place, by which particular bodies were deter- 
mined to certain kinds of rock, to the abandonment of others. 

In order to pave the way to a solution of these and other diffi- 
culties, he submitted two questions — the first, whether igneous 
rocks did not contain, disseminated through their substance, mi- 
nute and, probably, infinitesimal quantities of many of those rarer 
bodies, which were found collected together in mineral veins ? — 
and the second, whether all these substances might not possess a 
certain amount of volatility, at temperatures below their freezing 
point, and thus become transported from place to place, at periods 
long subsequent to that at which they were originally evolved 
from the interior of the earth, in a state of admixture with other 
more abundant ingredient ? In adopting the affirmative, with re- 
ference to the former of these questions, it was not necessary to 
go so far as to assume, that every basaltic dyke, or even every 
great volcanic formation, contained, as an integral part, minute 
quantities of all the metals that existed in nature — for, considering 
how infinitely small was the proportion which they bore to the en- 
tire bulk of the crystalline igneous rocks, their absence could not 
be safely inferred from the tact of their not having been disco- 
vered. The facts which inclined him to suspect that they might 
exist, were the circumstances — first, that the discovery of phos- 
phoric acid, in so large a number of volcanic products, led to the 
conclusion, that this body, at least, was derived from volcanic 
emanation, and, by analogy, that metals were also so derived ; se- 
condly, the observation made by Henry Rose, that in every 
crystalline rock traces of copper might be detected by the test of 
sulphuretted hydrogen — thus suggesting, that if we had any 
equally delicate test for the other metals, they also might be as- 
certained to be present ; and, thirdly, the fact, that not only iron, 
arsenic, and selenium, existed amongst the products of Vesuvius, 
but likewise lead, copper, zinc, and titanium, while tinstone also 
was ejected by Mount Etna. Now, assuming the existence of 
metals, and other bodies of rare occurrence, amongst the matters 
evolved from the interior of the earth by igneous processes, the 
second hypothesis stated would enable us to account for the aiffu- 
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sion of such matters through the substance of the contiguous strata, 
as well as for their local accumulation in fissures, or veins ; for it 
was evident, that if these bodies were severally capable of under- 
going volatilisation, at temperatures below that of their fusion, 
the heat, which, originating in the intrusive rock, pervaded the 
formations contiguous for a great distance around, would drive out 
portions of all these substances, causing them to become dissemi- 
nated throughout the latter, and, where fissures existed, to enter 
in, and contribute to fill them. For this purpose, however, the 
heat must be long continued, as well as of a certain intensity ; and 
hence, whilst metallic veins were frequent in connection with 
granite, they were entirely absent from sub-aerial lavas, owing to 
the more rapidly cooling that would take place in the latter, than 
where the matter was thrown out under the sea, or at great depths 
beneath the surface. Thus, according to this theory, the accumu- 
lation of metallic matter in veins would have arisen, not from the 
latter having been the original receptacles of whatever was disen- 
gaged from the interior of the globe — for he agreed with Prof. 
Bischoff, in considering that the idea of metallic, or indeed of any 
description of veins, being injected in a state of fusion from below, 
as trap and granite dykes were supposed to be, was encumbered 
with insuperable difficulties — but owing to the subsequent action 
of the heat upon the erupted matter, by which the metal might 
have been slowly volatilised, and thus have found its wav into the 
fissures and cavities contiguous, when the principle of adhesive 
affinity, described by Prof. Faraday in his w Memoir of the Limits 
of Evaporation/* would come into play ; and no sooner was a thin 
layer of metallic, or other body, collected along the walls of a 
cavity, than the portions subsequently sublimated would be deter- 
mined to the same point, until the whole cavity was filled up. 

The learned professor also alluded to Tilgman s discovery with 
regard to the decomposing influence of steam at high temperatures, 
which accounted for the decomposition of many rocks, and the for- 
mation of combinations between the alkalies and fixed acids. 
Various facts also proved that a certain exaltation of temperature 
would favour the segregation and new combination of minerals, 
though that was not essential. To influences of this kind such 
formations as that of nodules of flint in chalk had been referred, 
but he thought it more probable that the deposition of silica was 
the result of the extraction of carbonic acid by the decomposition 
of animal matter. 

He, therefore, suggested the importance of ascertaining by more 
precise experiments what were the laws which regulated the va- 
porisation of solids at temperatures below that at which they were 
fusible. Assuming the truth of this principle, it threw considera- 
ble light up<rti the alterations which contiguous strata underwent 
from the intrusive rocks — for, the supposing a certain degree of 
mobility to be produced by heat, without actual fusion, would en- 
able us to understand these changes. The learned lecturer then 

E roceeded to discuss the difficult question of dolomisation, which 
e contended might be solved by a reference to the same princi- 
ples, aided by analogous facts known to chemists, with respect to 
carbon and other substances. The whole question, however, ap- 
peared to be open to further inquiry, both as to the degree of vo- 
latility possessed by magnesia ana its several combinations, its 
power of penetrating the substance of a calcareous rock, and com- 
bining with its ingredients in atomic proportions — neither body 
being in a state of absolute fluidity — its tr admissibility to great 
distances through an intervening mass of rock, and the circum- 
stances which caused it to accumulate in certain sets of beds, and 
to pass over others. Experiments should, likewise, be made as to 
the changes which augitic rocks sustain under the influence of a 
high temperature, and as to the possible disengagement from them 
of magnesia under the circumstances supposed ; nor was chemical 
research less called into request, for the purpose of enabling us to 
explain such phenomena as were produced by igneous causes at 
the present day, than for the elucidation of processes of higher 
antiquity. When he reflected upon the assemblage of chemical 
phenomena which presented themselves during the several phases 
of volcanic action — the enormous and long-continued evolution of 
carbonic acid — the inexhaustible supplies of sulphur, arising from 
deposits, originally caused by the decomposition of sulphuretted 
hydrogen — the volumes of steam and muriatic acid disengaged by 
those volcanoes which were in a state of activity — the sublimations 
of common salt, sal-ammoniac, &c., which generally accompanied 
an eruption — the nitrogen gas evolved incessantly for centuries 
from many thermal springs — when he saw these, and other results 
of internal chemical action, come so prominently into view in every 
part of the world where opportunities for studying the operations 
of internal heat were presented, it did excite his surprise that 
philosophers of high name should have rested content with a theory 


which professed to ascribe everything to the mere protrusion of 
some of the fluid contents of the globe through parts of its crust, 
without regarding features so important, and apparently so essen- 
tial, as those to which he had alluded. 

He thought that much was to be learned with respect to volca- 
noes, by minute chemical examinations of the solid products 
ejected, with a view of comparing their constitution one with 
another, and of the gases and vapours evolved before, at the time, 
and subsequently to, a volcanic crisis. The learned lecturer then 
referred to Prof. Abich's experiments with regard to felspar and 
to the recent discoveries at Vesuvius, representing the evolution of 
hydrogen from an active crater, and to the results which might be 
expected from further discoveries. In the meantime, even with 
our imperfect knowledge of these mysterious workings, we might 
obtain glimpses of a beautiful system of compensation — of an 
adaptation of means to an end — which struck the observer all the 
more, when it was displayed, as in this case, in the midst of those 
terrible manifestations of irresistible force, which the workings of 
a volcanoe, or an earthquake, revealed. This was shown by the 
useful purposes performed on the surface of the globe by the car- 
bonic acid evolved from its interior, and was also illustrated by the 
occurrence of metals in veins, and the diffusion of phosphates in 
minute quantities so generally through the strata. Had not this 
been the case, the former would not have become known to us, 
and the latter would not have been available for the nutrition of 
plants. 

Such were a few of the facts to which he had been desirous of 
directing attention, by way of inducement to his auditory to pur- 
sue the science of geology with a frequent reference to chemical 
principles ; and he wished to impress upon those just entering 
upon the study more particularly, the great truth, that in all kinds 
of research, chemistry was to be regarded as the grammar to the 
language ot Nature — the key to unlock her most secret mysteries ; 
and that those who were ambitious of following in the footsteps of 
the great men who had adorned, and still adorn, that noble Insti- 
tution, by fathoming the depths of some one of those sciences 
which were there cultivated — nay, even those who, with humbler 
aspirations, were content, like himself, to snatch a mere superficial 
glance of several — would ever find it impossible to proceed with- 
out its assistance. His own experience justified him in assuring 
his auditory, that whether their chief interest might chance to lie 
in physiology — vegetable or animal ; in scientific husbandry ; or in 
those cosmical phenomena which presented themselves to the 
explorer of mountainous regions — chemistry would suggest at 
once the right principles for interpreting tne facts observed, as 
well as the soundest practical application that admitted of being 
deduced from them. 


THE TIDES OF THE IRISH AND ENGLISH CHANNELS. 

Report of Experiments made on the Tides in the Irish Sea ; on 
the similarity of the Tidal Phenomena of the Irish and English Chan - 
nets ; and on the Importance of extending the Experiments round the 
Land’s End and up the English Channel. By Captain F. W. 
Beechey, R.N. — (Read at the Royal Society, March 9 and 16, 1848). 

The author commences by stating, that the set of the tides in 
the Irish Sea had always been misunderstood, owing to the dis- 
position to associate the turn of the stream with the rise and fall 
of the water on the shore. This misapprehension, in a channel 
varying so much in its times of high water, could not fail to pro- 
duce much mischief ; and to this cause may be ascribed, in all pro- 
bability, a large proportion of the wrecks in Carnarvon Bay. The 
present inquiry has dispelled these errors, and furnished science 
with new facts. It has shown that, notwithstanding the variety of 
times of high water, the turn of the stream throughout the north 
and south channels occurs at the same hour, and that this time 
happens to coincide with the times of high and low water at More- 
combe Bay, — a place remarkable as being the spot where the 
streams coming round the opposite extremities of Ireland finally 
unite. These experiments, taken in connection with those of the 
Ordnance made at the suggestion of Professor Airy, show that there 
are two spots in the Irish Sea, in one of which the stream runs 
with considerable rapidity without there being any rise or fall of 
the water, and in the other the water rises and falls without having 
any perceptible stream ; and the same stream makes high and low 
water in different parts of the channel at the same time ; and that 
during certain portions of the tide, the stream, opposing the wave, 
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runs up an ascent of one foot in three miles with a velocity of three 
miles an hour. 

The author enters minutely into the course of the stream, shows 
that the point of union of the streams from the opposite channels 
takes place on a line drawn from Carlingford through Peel in the 
Isle or Man on to Morecombe Bay ; and concludes his remarks on 
this part of the subject by adverting to the great benefit navigation 
will derive from the present inquiry. He then notices a chart of 
lines of equal range of tide, which has been compiled partly from 
the ranges published by the Royal Society, and partly From obser- 
vations made on the present occasion ; and has annexed a table by 
the aid of which the seaman will be able to compare his soundings 
taken at any time of the tide with the depths marked upon the Ad- 
miralty charts. Next follows the mention of a feature in the mo- 
tion of the tide-wave, which Capt. Beechey thinks hps hitherto 
escaped observation ; viz. that the upper portions of the water fall 
quicker than the lower,— or in other words, that the half-tide level 
does not coincide with the place of the water at the half-tide in- 
terval ; that this difference in the Bristol Channel amounts to as 
much as four feet, and that the law seems to be applicable to all 
the tides of the Irish Sea. 

We are next presented with a table exhibiting the various curves 
assumed by the tide-wave, and with the durations of the ebb and 
flood at each place. Having explained these observations in the 
Irish Sea, the author proceeds to apply to the tides of the English 
Channel the law which he found to regulate the stream of the 
Irish Channel, — availing himself of the observations of Captain M. 
White and others for this purpose. There was no difficulty in 
adapting the rule in the upper part of the channel ; but below the 
contraction of the strait, the apparent discordance was so great 
that nothing but a reliance on the general accuracy of the observa- 
tions prevented the inquiry being abandoned. It seemed that the 
streams are operated upon by two great forces, acting in opposition 
to each other ; viz. that there is a great offing stream setting along 
the western side of the British Isles, and flowing in opposition to 
the tides of the channel above the contraction, turning the stream 
with greater or less effect as the site is near to, or removed from, 
the points of influence. By pursuing this idea, it was seen that 
the observations in the English Channel respond to it ; and then 
applying it to the offing of the Irish Sea, and considering that 
channel to comprise within its limits the Bristol Channel, as the 
English Channel does the Gulf of St. Malo, it was found that the 
observations there also fully bear out the idea. So that there was 
afterwards but little difficulty in tracing the course of the water, 
and bringing into order what before appeared to be all confusion. 
The author then traces the great similarity of tidal phenomena of 
the two channels, and proceeds to describe them. For this pur- 
pose he considers the Irish Channel as extending from a line con- 
necting the Land *8 End with Cape Clear to the end of its tidal 
stream, or virtual head of the tide at Peel ; and the English Chan- 
nel from a line joining the Land's End and Ushant, to the end of 
its tidal stream off Dungeness. 

• With these preliminary lines, he shows that both channels re- 
ceive their tides from the Atlantic, and that they each flow up until 
met by counter streams ; that from the outer limit of the English 
Channel to the virtual head of its tide the distance is 262 geogra- 
phical miles — and in the Irish Channel, from its entrance to the 
virtual head of its tide, it is 265 miles. In both channels there is 
a contraction about midway ; by Cape La Hogue in the one, and 
by St. David's Head in the other, and at nearly the same distance 
from the entrance. In both cases this contraction is the commence- 
ment of the regular stream, the time of the movement of which is 
regulated by the vertical movement of the water at the virtual 
head of the chanuel ; situated in both cases 145 miles above the 
contraction, and that the actual time of this change, or Vulgar 
Establishment, is the same in both cases. Below the contraction 
of the strait, in both cases the stream varies its direction accord- 
ing to the preponderance of force exerted over it by the offing 
stream. In both cases, between the contraction and the southern 
horn of the channel there is a deep estuary (the Bristol Channel and 
the Gulf of St. Malo) in which the times of high water are nearly the 
same, and where, in both, the streams, meeting in the channel, 
pour their waters into these gulfs, and in both raise the tide to the 
extraordinary elevation of forty-seven feet. From the Land’s End 
to the meeting of these streams in one case is seventy-five miles, 
and in the other the same. 

In one channel, at Courtown, a little way above the contraction, 
and at 150 miles from the entrance, there is little or no rise of the 
water ; and in the other, about Swanage, at the same distance from 
the entrance, there is but a small rise of tide also (five feet at 
springs). In both cases these spots are the node or hinge of the < 


tide- wave, on either side of which the times of high water are re- 
versed. And again, near the virtual head of the tide, in both 
cases, there is an increased elevation of the water on the south-east 
side of the channel of about one-third of the column — the rise at 
Liverpool being thirty-one feet, and at Cayeux thirty-four feet. 

The author traces a further identity in the progress of the tide- 
wave along the sides of both channels opposite to that of the node. 
In the first part of the channel the wave in each travels at about 
fifty miles per hour ; in the next, just above the node, this rate is 
brought down to about thirty miles in one, and to sixteen miles in 
the other ; it then in both becomes accelerated, and attains to 
about seventy- six miles per hour. Lastly, the author observes 
that the node or hin^e of the tide, placed by Prof. Whewell (in his 
papers on the tides) in the North Sea, is situated at the same dis- 
tance nearly from the head of the tide off Dungeness, as the node 
near Swanage is on the opposite side of it ; and that in the Irish 
Channel, at the same distance nearly as the node at Courtown is 
from the head of the tide off Peel, there is a similar spot of no rise 
recently observed by Capt. Robinson. Capt. Beechey's letter was 
illustrated by charts and diagrams, showing the identity and singu- 
lar phenomena of these two great channels. 


MR. HAY'S THEORY ON SYMMETRICAL BEAUTY. 

On the Production qf the Beautiful — an attempt to prove that the 
Theory advocated ta the Papers read by Mr. D. R. Hat before the Society, 
founded on the development of the Harmonic Ratios , is fallacious. By Mr. 
Thomas Purdir. — (Read at the Royal Scottish Society of Arts, March 
13 and 27). 

Part I. 

Mr. Purdii commenced his paper by referring to the opinions of those 
philosophers of the Socratic school whose names bad been used in support 
of the theory under consideration. He endeavoured to show, by quotation! 
from Lord Jeffrey*! “ Essay on Beauty,” and from Dr. Reid's works, that these 
opinions were hostile to all theories of such a nature. He next adverted to 
Vitruvius, and stated that he propounded a theory of a similar character to 
that whose fallacy he had undertaken to prove. One of the diagrams used 
by Vitruvius in applying his principles to practice was exhibited ; the same 
diagram being used by the author of this theory in explaining the harmonies 
of the Parthenon. He stated, however, that Vitruvius could not be con- 
sidered as an authority in regard to the principles on which styles are founded, 
having been led away by his fondness for metaphysical distinction and re- 
finement, to refer them to sources with which they had no connection. This 
statement was supported by quotations from the works of Vitruvius himself, 
from Lord Aberdeen’s “ Principles of the Beauty of Grecian Architecture,” 
and from the article Architecture in the ** Encyclopaedia Britan nica.” 

As the second division of his subject, Mr. Purdie referred to the labours of 
Kepler in proving tbe harmonies and analogies he supposed to exist through- 
out nature — to prove which, great part of his 11 Mysterium Cosmographicum” 
and “ Harmonices Mundi” were written. He investigated the reason of the 
Zodiac being divided into 360 degrees. It led him into some subtle con- 
siderations in relation to the divisions of the musical scale. Mr. Hay inves- 
tigates the properties of the number 360, and his investigation seems to lead 
to a conclusion of a similar nature. — (See p. 24 of his book on Symmetrical 
Beauty). A quotation was read from one of Galileo's Dialogues, denouncing 
the belief prevalent in his time as to the beauty supposed to reside in the 
harmonic ratios, that being tbe principle on which tbe present theory is 
founded. He quoted a passage from Bacon, tending to show that be con- 
sidered the ideal beauty of the Greeks, and that formed by geometrical pro- 
portion, to be antagonistic. In it Bacon contrasts Albert Durer, “ who 
would make a figure by geometrical proportions,” with Apelles, “ who would 
choose tbe best parts out of diverse faces to make one excellent.” — Numerous 
quotations were given from various authors, as to tbe universal prevalence, s in 
the 15th century, of the “ dangerous ideas of tbe aptitude and congruence of 
numbers,’* and of tbe absurdities to which tbe style of reasoning from 
analogy lead. By this, Francesco Sizzi attempted to disprove the existence 
of Jupiter's satellites. A celebrated musician held that God created tbe 
world in six days, and rested the seventh, because there are but seven notea 
in music; and Kepler, by a similar process, explained the music of the 
spheres, in which Saturu and Jupiter were proved to take the bass, Mars the 
tenor, the Earth and Venus the counter-tenor, and Mercury the treble. 

As the third division of tbe subject, Mr. Purdie gave a short account of 
the theory advanced by Alison, advocated by Lord Jeffrey and others, and 
generally recognised by modern metaphysicians. He did not feel himself 
qualified to enter on the differences existing between Alison, Lord Jeffrey, 
Payne Knight, and Dugald Stewart. They appeared to be as much of a 
philological as a metaphysical nature, and did not affect his branch of the 
subject. He had not had time to make himself acquainted with Sir George 
M‘Kenzie’s refutation of Alison, and could not say what effect it might have 
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had in modifying his opinions on the subject. In the meantime, although 
he could not say this theory accounted satisfactorily for every phenomenon 
connected with beauty of form, it seemed to him to account for far more of 
them than any other he had yet met with. 

As the fourth branch of the subject, he stated the nature of the theoi 7 
under consideration, and attempted to show the fallacies contained in it, 
and in all others of a similar nature which attributed beauty to proportion. 
The grand principle of this theory — that by which it must stand or fall — 
appeared to be (p. 66, Symmetrical Beauty), that there exists in the 
human mind “ an universal inherent mathematical principle of harmony 
which gives a response to every development of its laws, whether in 
sound, form, or colours.” He devoted some time to the consideration of 
this faculty. His arguments weotto prove, that if such a faculty existed, 
tt could be nothing else than what is commonly called iostinct. To combat 
this idea, he quoted a motto from Mr. Hay’s publication on Form, itself a 
quotation from Burke ' 14 Wherever the best taste differs from the worst, 
I am convinced that the understanding operates, and nothing else.” He 
argued, if the faculty by which we distinguish the musical intervals be that 
by which we become sensible of the beauty of form, the result is inevit- 
able, — that all aoimals, such as the mocking bird, which can distinguish 
these intervals and follow them, must be conscioue of the beauty of form 
also. He stated that the only proof advanced in favour of this theory was 
drawn from analogy, because wc find the harmonic ratios are necessary 
to the primary beauty of a musical chord. These ratios have been ap- 
plied to form, as being necessary to constitute its beauty also. He argued, 
if we are to conclode that these ratios are necessary to constitute the 
beauty of form, simply because we find they are so to the primary beauty 
of a musical chord, we must, oo the same grounds, conclude they are neces- 
sary to the objects of the other senses ; but that this would involve the ab- 
surdity of attempting to account, on mathematical principles, for the same 
man partaking with equal relish of things sour and sweet, salt and fresh, — 
eating pickles to his animal food one day, and currant jelly the next ; for 
an European lady preferring the scent of aromatic vinegar to asafcetida, 
while some tribes of savages infinitely prefer the latter. He spoke at 
some leogth on what he conceived to be the un philosophical nature of such 
a mode of establishing a theory. What is true in regard to a theory 
founded on the science of acoustics, may be, and is indeed likely to be, 
utterly false when applied to and founded on the laws of perspective. 
A sound always reaches the ear precisely of the same pitch as it left the 
sounding body, while a form makes a different impression on the eye with 
every change of position. Thus, supposing the beauty of the Parthenon 
to depend, as asserted by the theory under consideration, on the harmony 
of the diagonals drawn within the various rectangles which can be de- 
scribed within the building, it could not in reality be beautiful at all, as 
there is no point from which all these diagonals could possibly be presented 
to the eye in their true position. Even standing immediately in front of 
the building, the diagonals drawn in the rectangles between the nearest 
columns would necessarily present to the retina a much more acute angle 
with their base line than those farther removed. Take one step to the 
right hand or the left, and the angle of 75 becomes one of 76 or 77, and so 
changing with every step until the columns are seen close together, and 
every one of these angles becomes a straight line. 

Mr. Purdie followed this with some remarks tending to prove the fallacy 
of all theories which assume proportion as their basis. How could any 
soch a theory account for the beauty we discover in a human figure and in 
a horse? Yet the principle must be the same, by our recognising beauty 
io styles of architecture so various that some of them seem to be beautiful 
from the want of qualities which some of the others possess — as the Moorish, 
the Grecian, the various kinds of Gothic, and Elizabethan ; none of them 
haviog a single feature in common, either in their proportions or their details. 
That these differences are not coofined to the different orders, but exist in 
various examples of the same order, — a drawing was exhibited of four 
specimens of Corinthian : from the Choragic monument in Athens — the 
temples of Jupiter Stator and Tonans, in Rome— and of Vesta at Tivoli ; 
all exceedingly beautiful specimens of the order, but without a single 
feature in common, either io their proportions or details. He adverted to 
the universal agreement as to the fundamental principles of harmony in 
music, and the proverbial differences oo the most fundamental points as to 
besnty of form — to our recognising beauty in the figure and dress of a mo- 
dern belle, and our considering it an outrage on taste to transfer the same 
costume to marble, although the same form and face be preserved. The 
origin of our feelings, he said, is here too obvious to escape notice. A 
statue lives a thousand years, a man threescore. Our taste for sculpture 
has been modelled on that of antiquity, and cannot now change. Our 
dresses last not a lifetime, but must be changed as necessity requires. 
Makers of them will exercise their skill and ingenuity in devising new 
forms — hence change of fashion ; and hence our ideas also change, and 
attach themselves to those forms with which we are io the habit of asso- 
ciating all that is graceful and elegant A modern statue, even in a 
modern costume, would, in ten years, address us in antiquated language, 
without haviog the respect due to antiquity. The Grecian statues speak 
to us io a dead language which changes not, and they speak to us of hoar 
antiquity— of the knowledge, the skill, the taste, and the cultivation to 
which that wonderful people had attained, and from whom they are descended 
to us. 

Mr.Pprdie concluded his paper by characterising all attempts to establish 
a theory oo soch grounds as this, in the words of Lord Jeffrey, as “ dog- 


matisfng from a few examples, instead of defining any general comprehen* 
sive principle, in which all beauty may be supposed essentially to consist/’ 
An attempt, he continued, as reasonable, and of precisely the same nature, 
as that of a man who, setting out with the premises that every oak tree is 
a vegetable, attempts therefrom to prove that every vegetable must be an 
oak tree. 

Mr. Purdie then intimated that he would be prepared, in the second 
part of his paper, to go somewhat more into detail, and to prove the fallacy 
of the theory from its own inherent defects and self-contradictions ; for of 
these he conceived it contained sufficient for the purpose, although he 
might have failed in convincing any one oo the general question. 

Part II. 

Mr. Purdie commenced the second part of his paper by recapitulating 
shortly the contents of the first. He then proceeded to explain the scope of 
the theory he had undertaken to refute. It was intended to be applied to 
universal nature. This was sufficiently shown by the “ universal mathema- 
tical principle of harmony” assumed to be ** inherent in the mind,” for the 
purpose of giving a response to the laws of the theory. It followed that no 
object could be beautiful in which those principles were not developed. He 
quoted two passages from Mr. Hay’s book on Symmetrical Beauty as still 
farther explaining this, and showing how these laws are extended to univer- 
sal nature. — “ In these” (the organic forms of nature) “ the first principles 
of symmetrical beauty are so blended with the picturesque, and operate in a 
manner so exquisitely refined and subtile, that mankind have as yet been 
unable to systematize them.” — p. 2. “ In compositions of high art, the 
principles of symmetrical beauty are so subtilely imparted as not to exhibit 
themselves.” — p. 4. To these he requested particular attention, this being 
the point at which all such theories fail, s. e. in the attempt to account for 
beauty of dissimilar or of opposite descriptions, — such, for example, as that 
which we discover in a child and in a full-grown man— in a horse, a New- 
foundland dog, or a greyhound ; or a building — Doric, Ionic, Corinthian, 
Elizabethan, or Gothic. He said this was a mere begging of the question, 
a counterpart of Alexander the Great’s mode of unloosing the Gordian knot. 
It would make the principles of this theory to be somewhat like the music 
of the spheres — filling heaven and earth with their strains— strains so ** ex 
quisitely refined and subtile ,” as to be altogether imperceptible to > moral 
ears. Would not the natural conclusion rather be — “ De non apparentibue 
et non existentibus eadem est ratio ?** It was admitted these principles of 
symmetrical beauty did not show themselves in works of high art. The 
admission was correct. They did not show themselves — only because they 
did not exist. Mr. Purdie next referred to the Parthenon, whose propor- 
tions it was attempted to show were in accordance with the principles of the 
theory. In making the attempt, however, it was admitted that several 
“ discords* * existed — the outer intercolumniations being closer than the 
others. It is attempted to get rid of this difficulty by saying that the outer 
intercolumniatiuns are relieved against the sky, while the others are seen 
against the body of the building — that an open space between two columns, 
seen against the sky, appears wider than when seen against a background in 
shade ; and this assists in harmonising them. 

Mr. Purdie then showed, from the ground plan of the building, that there 
is visible a space of only two feet through the outer intercolumniation, while 
nearly four feet can be seen through that next it. This, therefore, instead of 
assisting the theory ont of its dilemma, only increased the difficulty. Be- 
sides, a glance at the ground plan would have shown that the same inter- 
columniation was applied to the inner row of columns, which were so close 
to the building, they could never be seen against the sky at all. He then 
explained the reason usually assigned for the nature of the intercolumniation 
used in Grecian Doric, which is connected with tbe arrangement of the 
triglyphs and metopae. He said, Mr. Hay stated that the line of the tym- 
panum formed with its base an angle of 15 deg. ; that “ as the angles of the 
pediment in Plates 6, 7, and 15 (of Stuart’s Athens) all differ,” he “ adopted 
that of the latter, as being the most likely to be correct, because the pedi- 
ment is there given by itself.” — (Symmetrical Beauty, p. 72). Mr. Purdie 
showed, by reference to the text of Stuart’s Athens, that Plate 15 did not 
refer to the dimensions of the pediment at all, but was only intended to con- 
vey an idea of tbe sculpture, and was given without measurements. The 
measurements were correctly given on the elevation,— although the elevation 
itself was not in accordance with them. By a calculation made from these 
measurements it would be found to form an angle of 13 deg. 24 min. There 
was a statement in the text, noticing tbe inaccuracy of tbe elevation. The 
real angle was there stated to be 14 deg. If the rest of the angles given 
had been taken from the elevation by means of the protractor, as they ap- 
peared to have been, they roost be all wrong together, as the tympanum, as 
there represented, is 18 inches too low. 

This was the second attempt made to set the Parthenon to music. The 
first was proved and acknowledged to be a failure. Of that attempt the 
Athenaeum remarked, June 10, 1843—** It is easy to see that a general no- 
tion of this kind is a most insufficient basis even for a plausible theory. * * 
Mr. Hay is wrong when be asserts that certain proportions are beautiful 5e- 
cause they are those of the notes which, in all the combinations of harmony 
and melody of sounds, are most pleasing. His proportions as assigned to 
form are most correct and most beautiful. They are not, however, those of 
the beautiful sounds to which he assigns them.” 

Tbe Grecian Doric, therefore, was not in accordance with the principles of 
this theory. Perhaps the attempt might be more successful when tried with 
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the other orders ; but if it failed with the Doric, the proportions of which 
were comparatively invariable, the Ionic and Corinthian must be still more 
perplexing, the latter of which varied so much that the writer of the article 
Architecture , in the 11 Encyclopaedia Britannica.” said it was scarcely possible 
to give any general description of it. If it failed with any of these, there 
would remain for it but a small chance of success with the Gothic or the 
. Elizabethan. 

Mr. Purdie said, it might save the introduction of much irrelevant matter, 
if it were kept distinctly in recollection that he was not attempting to refute 
some imaginary theory which might he brought forward in the course of the 
discussion, but that advocated before the Society by Mr. Hay, and contained 
in his published works. That theory was founded on the harmonic ratios. 
No doubt, order, proportion, and harmony were all necessary to the beauty 
of architecture ; but it was not by the harmonic ratios these were to be ob- 
tained. The “ Greek architects allowed themselves to be fettered in their 
general proportions only.” This theory did not establish general propor- 
tions at all: In music, the application of harmonic ratios, while they allowed 
all latitude as to general proportion, limited beauty to certain fixed points or 
coincidences, from which when the slightest departure was made, discord 
ensued. Thus a difference of a semitone would make as disagreeable a dis- 
cord as a full tone, and one quite as easily recognised. It mattered not 
whether too high or too low. The application of the harmonic ratios to 
forms was intended to produce a similar effect. Thus in the case of a well- 
proportioned column, six inches added to its height would be as easily ob- 
served as 18, and quite as destructive of its beauty ; and were the height 
diminished by 18 inches instead of being increased, it ought to be no more 
so, the departure from the harmonic ratio in either direction being equally 
discordant. The instant the correct proportions were departed from, de- 
formity would be the result ; but let the alteration be continued a little 
farther in the same direction, the deformity would be got rid bf — a new 
chord struck, and beauty and symmetrical proportion again obtained. 

Mr. Purdie stated shortly what he conceived to be the source of the beauty 
of architecture and sculpture, and referred, as the best sources of information 
with which he was acquainted, to Lord Aberdeen’s inquiry into the princi- 
ples of beauty in Grecian architecture — Gwilt's Preface to Chambers’s Works 
— the Essays of Alison and Lord Jeffrey, and the lives of Christopher Wren 
and Michael Angelo Buonarotti, published by the Society for the Diffusion 
of Useful Knowledge. It was not necessary to seek for any mysterious geo- 
metrical law. The taste of a nation, and their power of producing and ap- 
preciating beauty, depended on their progress in civilisation, on education, 
and the refinement these naturally produce. 41 The beauty and perfection of 
tbe school of Phidias accompanied the great moral and intellectual improve- 
ment of the tiroes, and art was roost perfect when iEschylus, Sophocles, and 
Euripides, produced their tragic poems ; and Socrates and Plato, and the 
great Grecian statesmen, by their writings and example, improved the moral 
and political state of mankind.” — (Life of Michael Angelo.) That this 
tended to prove the general correctness of Lord Jeffrey’s definition of taste — 
“ That the power or faculty of taste is nothing more than the habit of trac- 
ing those associations by which almost all objects may be connected with 
interesting emotions.” 

Mr. Purdie then took notice of some of the methods given for applying 
the theory to practice, and contended it was equally potent to produce the 
ugly or the beautiful. According to the method given by Mr. Hay for 
drawing the human countenance, an oval was first described, and within it a 
triangle, its apex undermost. At the apex the mouth was placed, and the 
eyes at the two upper angles. But no rule was given for placing tbe apex 
of the triangle undermost. One might, if he felt so disposed, reverse both 
the triangle and oval ; it might be some bungling Grecian sculptor who thus 
reversing his triangle, invented the Cyclopean type, with one large eye in the 
centre of the forehead, and a mouth extending from ear to ear at its base. 

A similar effect would take place with the profile, in drawing which an 
oval is given for tbe face and a circle for the back of the head. He said 
the profile is not an oval, nor is the back of tbe head a circle. To render 
the back of the head a circle, a large slice must be taken from “ self-esteem ;” 
and “ philoprogeniiiveness” would suffer an amount of reduction which might 
seriously interfere with the increase of the population. Tbe back of the 
bead was, strictly speaking, no more a circle than a square ; and if it 
were a square, or a rectangle, provided always it were a harmonic one, its 
consistency with the principles of the theory might have been quite as 
easily manifested. 

Mr Purdie then proceeded to consider wbat are styled (p. 31, Sym- 
metrical Beauty) a series of peculiarly symmetrical rectangles, which are 
evolved by usiog the diagonal of the square as tbe base of the first, the 
diagonal of the first as the base of the second, and so on. Mr. Hay, 
however, did not adopt these as they naturally arise. They did not accord 
with the harmonic ratios, and were altered to suit. 

Mr. Purdie pointed out on a diagram the amount of the alteration. He 
said Mr. Hay referred to the temperament used in music in its justifica- 
tion. Mr. Purdie explained the nature of musical temperament, and 
showed there was no analogy between it and the process adopted with 
these rectangles. He stated the temperament in music was a modern in- 
vention, and seemed somewhat out of place in a treatise which claimed 
support as elucidating the principles of the ancient Greeks. Were such a 
principle as this tempering admitted into science, it would be easy to ob- 
tain any results. Such an arbitrary alteration of a series of figures in a 


science claiming mathematical accuracy, would have been conclusive 
against it, had it been in other respects unassailable. 

Mr Purdie next referred to the egg oval, and Mr. Hay’s method of 
producing it, which might be new to many of the members, and wad 
(leaving out the harmonic ratios) the simplest and best method. He said, 
whatever merit its application to the drawing of vases might possess, it 
bad not that of novelty to recommend it, but bad long been familiar to 
every one who bad given any attention to the subject. He exhibited in 
Nicholson’s “ Architectural Dictionary” several good examples of vases so 
constructed, along with a variety of methods of producing the figures on 
which they were based. 

Mr. Purdie explained the effect of engrafting the harmonic ratios on 
them, and exhibited a variety of diagrams to test whether any one could 
point out the discordant from the harmonic. But the method adopted in 
forming these ovals was, he contended, altogether subversive of the theory. 

Four pins are put in at certain fixed points, and a string tied round 
them, for the purpose of obtaining the form of two harmonic triangles ; 
but, before proceeding to produce the oval, one of the pins is pulled oot. 
For this no reason coold be assigned but tbe will of the operator. It did 
away at once with all idea of harmonic relation. A figure so constructed 
could bear no mathematical relation to the triangles on which it was based. 
Extend the radii to infinity, and a circle would be obtained independent of 
the shape of the triaogles : reduce the string to a sufficient tension, aod it 
would become a triangle. A figure so constructed vibrates between the 
oircle and triangle. At no possible point between the two could it bear 
any harmonic relation to the triangle on which it is based. 

In conclusion, Mr. Purdie said, that the origin of the fallacies contained 
in this theory appeared to be an extravagant fondness for analogy, through 
which the idea had been conceived of engrafting the priuciples of music 
on form : that, instead of analysing the phenomena of mind, and deducing 
the principles of a science from the facts so ascertained, tbe mental phe- 
nomena had been left out of view altogether, aod the theory formed on a 
mathematical basis depending on the harmouic ratios : and that the result 
was a theory utterly at variance with those very phenomena on which it 
ought to have been founded. The only method of investigatiug the tratla 
in metaphysical science was by inductive philosophy, tbe slightest atten- 
tion to the principles of which would have saved the author of this theory 
from the manifold blunders into which he had fallen. 

After the reading of the above paper, Mr. Hat made some remarks 
“ On the effects of Perspective upon Proportion, being the first of a 
series qf short papers upon the Harmony qf Form.” 

Mr. Hay commenced by apologisiog to the members of the Society 
generally, for calling their attention to a fact, with which he believed they 
were familiar. But that fact had been denied at the previous meeting, in 
an attempt to prove a fallacy in his system of applying tbe numerical har- 
monic ratios to the proportioning of rectangular forms; and its denial 
seemed to be well received by the younger members. Mr. H. therefore, 
felt called upon to state the fact, and to demonstrate it. The fact, he 
stated was “ that whatever system of proportion may be applied in ar- 
ranging the parts in the geometric elevation of a building, will also 
operate upon the effect of that building, in whatever degree of obliquity it 
may be viewed.” He exhibited five drawings, two of which fully ex- 
plained his system of applying the numerical harmonic ratios, and thg 
other three demonstrated the fact which bad been denied at the previous 
meeting ; and therefore concluded that the attempt to prove the fallacy of 
the system, by the denial of this fact, had failed. 

Mr. Hay observed, that an attempt bad also been made, at the previous 
meeting, to assimilate his system of the application of numbers to sym- 
metrical beauty, with the mystical application of particular numbers by 
the alchymists, and some of tbe philosophers of the middle ages ; and of- 
fered to prove that this attempt was also a failure, inasmuch as he em- 
ployed numbers ia an intelligible, not a mystical manner. 


PECULIARITIES IN THE CONSTRUCTION OF GREEK 
ARCHITECTURE. 

Abstract of a paper u On the Geometrical Lines and Optical Corrections 
qf the Greek Architects .” By F. C. Penrose, Esq.— (Read at the Royal 
Institute of British Architects, February 21st.) 

I will observe, that although the scrupulous accuracy with which tbe 
measurements which I shall produce have been recorded may seem almost 
absurd to some, it will not appear so to those who have been so fortunate as 
to see the originals, and observe the perfection of the workmanship with 
which they are put together, and the exceedingly happy preservation of 
many parts from the weather, which enables measurements to be taken with 
precision in these, where in many buildings they could only be a matter of 
approximation. 

I use as my standard of measurement the English foot, and divide it into 
100 parts which I shall call cents. 

In the beginning of tbe year 1846 I was at Athens. I had an introduc- 
tion to M. Riedel, a Bavarian architect, who accompanied me on my first 
visit to the Acropolis, and pointed out to me tbe peculiarities of construc- 
tion of which I am about to speak ; it was tbe first time I had any intima- 
tion that there was any departure from ordinary line and rule work in these 
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buildings, excepting a rumour which I heard from our consul at Trieste, 
that there was something very curious recently discovered in the ancient 
buildings at Athens. 

These peculiarities, which were then pointed out to me, were the convexity 
of the stylobate on the four sides of the building, and the inclination of the 
columns towards the centre of the building ; that is to ssy, on the east front 
the axes of the columns incline in a westerly direction, and those of the 
west front easterly. Those on the north aod south flanks, south and north 
respectively. It follows that the angle columns share the two inclinations; 
for instance, the north-east angle column inclines in a direction south-west. 

This fact has been ascertained some time ; it is given with considerable 
accuracy in that part of the supplement to Stuart which was supplied by 
Mr. Jenkins. The exact amount, owing to the slight displacements which 
the building has suffered, is only to be obtained by a diligent survey of the 
whole building. 

The observation of the convexity of the lines of the steps is more recent. 
I believe that one of our countrymen, Mr. John Pennythorne, was the first 
who paid any discriminating attention to these lines. I use this phrase as 
they cannot but have in some measure influenced our earliest investigation, 
as no one could ever have cast bis eye along any portion of the upper mem- 
bers without being sensible of them. The lower lines of the building were, 
as I understand, quite encumbered with rubbish until the excavatious of the 
last few years. Any measures obtained by boring must have been vitiated, 
and they have doubtless given many a diligent measurer a vast deal of trou- 
ble, and many have been the dimensions which have stood at dismal variance 
with themselves, and been cast aside without being really to blame. 

Mr. Pennythorne was the first to see in these an original intention and 
meaning ; he however kept his knowledge to himself, and the world first 
heard of it through the communication of MM. Hofer and Schawbert, German 
architects, to the Bauzeitvng , in the year 1838. 

I was very much struck, as all who have seen the Greek buildings must be, 
by the perfection of the workmanship, and I took such levels and dimensions 
as I could with the instruments I had with me, for the purpose of ascertaining 
the amount and nature of these adjustments. And I arrived at a sufficient 
degree of exactness to assure myself that it was well worth while to go 
deeper into the matter. I, however, (in 1846), was not able to pursue the 
subject any further, and I returned to England in the autumn of that year, 
and had the pleasure of reading a paper to this Institute on the observations. 

They attracted more sensation than I had any right to expect, and I re- 
ceived a proposal from the Society of Dilettanti, that if I were willing to go 
out to Athens, for the purpose of taking more accurate observations, they 
would assist my operations with a sum of money. This proposal I willingly 
accepted, and provided myself with the necessary implements, and induced 
a young architect (son of Mr. E. Wilson, of Lincoln, the well-know archeo- 
logist) to accompany me, and we arrived at Athens towards the end of 
October last year. I was also so fortunate as to fall in company with Mr. 
Meyer, associate. 

The first thing which we attempted was the measurement of the base 
line, namely, the length and breadth of the building. This was done with 
steel tubular measures, compared at the time of measurement with the 
thermometer, from which also long deal rods were graduated for the mea- 
surement of the heights, and for general purposes. The steel rods were 
Carefully compared by Mr. Simms, both before and after my return, with his 
standard, and 1 gave the results as delivered at Athens. They are still sub- 
ject to a very minute correction, but not worth troubling you with at 
present. 

As soon as the weather allowed, and the requisite permission obtained 
from the local authorities, I proceeded to hoist a scaffolding at the east-end, 
of which I made an entire circuit, beginning with the three columns which 
are standing on the north side, and ending with the south-east angle column. 

In this examination we plumbed every column, measured every stone of 
the architrave, the capital, and upper and lower stones of each column, 
in every direction ; took careful measurements of all the cracks which have 
in any way modified the original form, and obtained levels of all the lines of 
the entablature at fixed points ; and finally examined the entasis of five dif- 
ferent columns, taking several sections of each. 

We then migrated to the west-eud, where I contented myself with making 
an exact examination only of the two angular columns, which position en- 
abled me to obtain the levels of the upper members of the western part. 
I also took all such measurements in the western parts as my examination of 
the eastern part bad pointed out to me as necessary to arrive at the exact 
original state. I then proceeded to examine the upper members of the 
posticum, and the arrangement of the tympanum, which has some pecu- 
liarities worth notice connected with the support of the statues. Then the 
roofing, the ceiling, and lastly, the original painting, engaged our attention. 

This work in the upper part of the building was naturally very much ex- 
posed to wind, &c. It often happened that while it was impossible to do 
any accurate work on the scaffolding, we might he employed profitably 
below. But frequently it was altogether out of the question to go up to the 
Acropolis at all. The pavement was of course levelled in every part and 
several times over, until the whole system worked perfectly together, and I 
could satisfy myself that I had got the exact curve in every instance, or st 
least within one or two thousandths. We also took such measures as suf- 
ficed for the accurate position and proportions of the cells, with the ar- 
rangement of columns within it. This sums up our proceedings at the 


Parthenon, which occupied nearly five months. The Propylaea occupied a 
considerable share of attention, and [searched the temple of Theseus to find 
bow far it was analogous to the Parthenon. 

Last, but not least, we ascended the temple of Jupiter Olympus, from 
which we obtained various measurements and drawings. 

The measurements of the breadth of the temple on the upper step, at the 
east and west ends, I found to be respectively 101*341 and 101*361, — 
north and south, 228*141 and 228*154 respectively. This exceedingly 
small difference in measures which were certainly intended to be equal, 
points out the limit of error, which can be attributed solely to inaccuracy 
of measurement in other dimensions, namely, about 1 in 5,000. I may 
just observe that 1 found my wooden measures, notwithstanding they had 
been previously saturated in oil, subject to a fluctuation in various states of 
the atmosphere rather greater than this amount. So that, had the eastern 
front of the Parthenon been set out with deal rods on a dry day, and the 
western on a moist day, we should have had as great a difference between 
them as actually exists. ' 

It follows that all quantities which tend to proportionality most be looked 
at with great suspicion, in which varieties exist sensibly greater than this 
small admissible error. 

The breadth of the temple of Theseus is 45*011, and its length is 104*23. 
The former is almost exactly in proportion of Jths of the breadth of the 
Parthenon : this, 1 think, was intended. 

But a difficulty occurs if we attempt to proportion the front with the 
flauk on the upper step. It has been suggested to try the equilateral 
triangle. That, however, notwithstanding its being near enough the mark 
to suggest the trial, leaves the quantity = *282 unaccounted for at the end ; 
and, besides, I do not find that in the Parthenon there are any affinities 
whatever to that figure. 

1 very much prefer to descend from the upper step, and try the propor- 
tions on the second. By this addition, the flank becomes 106*63, and the 
front 47*41. 

We now obtain a proportion 9 to 4, differing from exactitude by so small 
a quantity as to be fairly admissible. 

It it somewhat remarkable that the quantity 1*066 is found frequently in 
the measures of the Erectheum. 

The proportion of solids to voids is 4522 to 1000, nearly as 9 to 2. 

I have now stated the principal larger proportions : I will state a few 
others, which are the more important secondary ones. A very happy 
artifice is the walls of the pronaos and posticum being thicker than the 
cella walls. 

The height of the columns of the Parthenon is exactly ^ length of 
temple on upper step, the breadth of the abacus of six of the eastern 
columns is exactly ^ breadth of temple ; they are not all equal, but I have 
given the dimensions of those at the eastern end, which always gives the 
key to the main proportions. 

In the temple of Theseus, the column is exactly V$jth of length of temple 
on the lower step, and the abacas of the breadth oo the upper step. 
In both, this member appears to be the unit of measure for all the details. 

The whole building is most accurately proportioned in every part, and I 
think it not unlikely that it will be possible to find a standard which shall 
express every dimension without any incommensurable fractions. 

1 now proceed to that part of the subject which is more particularly the 
object of the present paper, namely, the optical corrections. I shall first 
state the case as I found it, and lastly, say a few words on the probable 
origin and intention of these subtleties, which prevail, more or less, in 
almost all the Greek temples — in all, indeed, that I have examined, with the 
exception of the temple of Basse, on the borders of Arcadia, wnere I 
could not find satisfactory indication of either convexity of pavement, or 
inclination of the columns, or even entasis. 

The pavement of the Parthenon is bounded by four curved lines, viz., 
the edges of the upper step on the four sides of the building. The four 
angles of this curved surface are not precisely level, the south-west angle is 
about *16 above the north-east and south-east angles. 1 think that this is 
simply owing to the lines of the earlier temple, which were also curved, being 
made use of as far as they would go, and by being produced in one direction 
only, and remaining fixed at the south-west angle. The line so produced 
would naturally fall below the fixed point. This is the case on the west 
front, sooth and north sides. The extreme points of the upper step of the 
east front are exceedingly near leveL The result of a number of observa- 
tions gives only a difference of * 002 , or 3)9 feet, a quantity which we need 
not stop to discuss. 

If these two points be joined by a straight line, the enrve which forms 
the edge of the step will be found under the middle columns to rise to a 
height of *214 above it. If the uniform curve had been preserved, it would 
have been *218 in the middle, which is about breadth of front; and the 
curvature is so regular on the northern half of this front, where the steps 
rise immediately from the solid unbroken rock, and consequently no settle- 
ment can have taken place, that of four points measured at the centres of 
each column, three agree exactly with a circular arc: the fourth differs only 
by *003. The curvature is so very slight that it might be any regular con- 
tinuous curve ; for instanoe, in so small an arc no appreciable, difference 
could be shown between the arc of a circle or that of an ellipse or parabola, 
and I think that the work was set out by means of the latter figure, which 
might be done very easily; whereas, I need scarcely point out the difiknlty, 


Digitized by 


Google 





THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


or rather impossibility, of using the circle, which would require a diameter 
of about 2£ miles. 

. Let it be required to construct a circular or other arc of uniform curva- 
ture, whose length is 100 feet, and tbe rise at the centre is to be *25, or any 
other small measure which must not much exceed one foot. Construct 
with any axis a parabola, and set off from the vertex AB = tbe proposed 
rise, and draw L M at right angles with A B. Now, L M will represent the 
100 feet horizontally, and ordinates drawn to the curve perpendicular to 
L M will determine the exact rise at as many points as may b« required, full 
size. 

The curve on the upper step north side of the Parthenon, also approxi- 
mates to a regular curve very closely ; its entire rise in the centre above the 
line joining its extreme parts, is *356. which is very nearly in the proportion 
of } of tbe rise in the east front : it is exactly length of the building. 
The curve on the south tide seems to have been identical with the north 
side, but it has suffered more from the concussions which the building has 
undergone, especially as there is a great depth required on this side of arti- 
ficial foundation. On the north side the steps rise almost immediately from 
the solid rock. The curve on the west front is not quite so symmetrical as 
on the other sides. It has, I believe, been affected by the lines of the old 
building. The rise is exactly the same as the east end. 

The upper members on all four sides follow tbe steps, and are nearly 
parallel, but there is a little more curvature given to the steps ; the entire 
rise of architrave is *173 on east front, *175 on west. The levels of those 
portions of the eotablatures which remain on the north and south sides 
point out the directions which those lines had originally, and they were as 
nearly as possible parallel to the line of the step, excepting that just at the 
angle columns the step has a little the more declension. The frieze and 
cornice are exactly parallel with the architrave. In the temple of Theseus, 
also, these curves prevail; on the fronts the rise is ^ part of its length, on 
the flank, gfo. The lines in the architrave are exactly parallel to tbe step. 

There is one refinement which the temple of Thesens possesses, which the 
Parthenon is without. In addition to the cornice being raised, the inclined 
lines of the pediment have a very slight convexity, between *02 and *03. I 
was unable to fix more precisely the amount. I imagine that it was owing 
to some degree of haste in which the Parthenon was finished, of which 
there are several indications in the upper members, which prevented this 
final adjustment being made to its pediments ; the state of tbe political 
horizon at that time making the completion of the long walls of more im- 
mediate importance than the optical corrections of the Parthenon. On a 
former occasion, I stated my impression that the cause which led to the 
adoption of this convexity of the horizontal line, existed in the contrast of 
the inclined lines of the pediment. 

Mr. Ferguson has kindly favoured me with an illustration, which I will 
read to you, from a description of the construction of an iron foundry at 
Kasipur, near Calcutta, built in the year 1834. The foundry is covered by a 
single roof, with principal rafters, tie-rods, and suspension bar from tbe 
centre. The rite is 6 feet and the span 50 feet, which is exactly the same 
pitch as the Parthenon and Propylaea. The passage is extracted from vol. 
iv. of the journal of the Asiatic Society of Bengal, p. 116 ; “ Before doting 
our short account of the Kasipur roof, we mast notice a carious optical de- 
ception, for which we are somewhat at a loss for a correct explanation. On 
entering the room and looking up at the roof, it strikes every beholder that 
the roof has somewhat sunk, and the horizontal tie-rod is about 5 or 6 inches 
lower in the centre than near the walls. We were not convinced that 
it was a deception until Major Hutchinson, at our request, caused an 
actual measurement to be made by a perpendicular wooden batten from 
an accurately adjusted level on the stone floor. It was then proved 
that there did not exist a difference of level even to the tenth of an 
inch.” The conclusion is obvious that a straight tie-rod appeared to 
be deflected ; and I have no hesitation whatever in ascribing the cause to 
the contrasting lines of the principal rafters. I do not think that it is ne- 
cessary to have our eyes refined by a southern climate for the appreciation 
of these effects. I suppose that there are very few gentlemea here who have 
not felt the same disagreeable effect of a flat open roof wiih horizontal tie- 
beams, unless, indeed, the latter be very much cambered. That this was 
the view the ancients took of the matter 1 am convinced by these two 
facts— 

That the great temple at Psestnm has the convexity only in its fronts, and 
not on its flanks ; and in the Propylaea at Athens, although the base on which 
the columns of the two pediments stand is perfectly straight and level, 
the line of the architrave was curved. For enoagh remains to determine this 
in the eastern portico — the central columns are actually about *12 higher than 
those at the angles. The base in this building is cut in two by tbe ascend- 
ing roadway, so that there could have been little or no advantage in a con- 
vex base line. 

It will be well to remember that the temples at Athens were the result 
of the experience of several centuries in which these refinements were gradu- 
ally brought to perfection. The first process was probably to raise the 
cornice under the pediments and entablature, by making the middle columns 
a little higher than those towards the angles, as I have mentioned in the 
case of the Propylaea. Still it is likely that to a fastidious eye the straight 
line of the stylobate would appear weak. Tbe second method would be 
that found in tbe great temple at Paestum, in which tbe fronts have the con- 
vexity in their steps, as well as their entablatures, tbe flanks being composed 
*uh horizontal lines. Perhaps a reasonable man should be content with 
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this. I most willingly admit that I was perfectly content with the temple at 
Paestum ; still nothing short of perfection could satisfy the refinement of 
vision with which tbe Greeks alone, among tbe people of all time, seem to 
have been endued; and perhaps by looking at a temple constructed aa 
above-mentioned, anglewise, and contrasting the convexity of the corona of 
the fronts with the straight line of that on tbe flanks, or more likely the 
comparison of the two different forms of line on the stylobate, suggested 
the possibility of improvement ; at any rate as early as the time of Pisis- 
tratus, the Athenians had begun to demand from their architecta the per- 
fected construction, as the foundations of the temple of Jupiter Olympus 
testify, which we know were laid during his reign. 

I also refer to his time, the earlier temple of Minerva, which occupied 
the site of the Parthenon at the time of the Persian invasion, in which also 
we find that the lines on the four sides of the building were convex. I can 
bear witness also to convexity on all the four sides of the temple at Nemaea, 
in the Peloponnesus, and Segeste, in Sicily. I could find no trace of con- 
vexity at Corinth, Egina, Rhamnus, or Basse. 

The next subject is the inclination of the columns and the upright faces 
of the building. 1st. The face of tbe steps inclines about *008. 2nd. 
The columns Incline, backward, a quantity, of which I obtained the follow- 
ing results. From tbe average of the measurements of all the lower drums, 

(. tcamillce impareg, as Vitruvius calls them) *229. From plumbing the an- 
gular columns of the east front, taking into consideration all tbe cracks and 
movements which have modified its original position, I obtain two results of 
*230 and *232. 

In the plumbing, I observed every precaution to ensure correctness, 
using a very heavy weight and also watching for calm intervals of weather, 
which are rare at Athens. I am disposed to think that *228, or one thou- 
sandth part of the length of the building was the amount originally intended. 
Those gentlemen who remember tbe perfection of the joints with which the 
Parthenon is constructed, will allow that the openings between them, which 
at present exist, are the exact records of all the settlements which the 
building has undergone, and that by a careful examination of these, the 
original amounts may be exactly recovered, which would be hopeless in a 
building which had been of less highly-finished construction. 

Vitruvius directs that the columns of the pronaos and posticum should 
be set perpendicular, and those of the peristyle should incline towards tbe 
cella. In Cicero ad Verrem, we have an amusing passage, in which Cicero 
relates one of his rascalities; that having under his charge, as Roman 
governor, a young Syracusan nobleman, whose property was subject to the 
condition of repairing the temple of Castor in that city, Verres was ex- 
ceedingly anxious to make a job of this ; so he goes to examine the temple, 
but was much disappointed on finding it in perfect repair, when one of his 
companions casually observed, there is nothing here to be done, unless yon 
order the columns to be set perpendicular. Verres was evidently surprised 
at this observation, for be knew nothing of architecture, and to his eye tbe 
columns appeared angular; but it was mentioned to him by those who 
were around him, and no doubt familiar with the practice of the ancients, 
fere nullam erne columnam guts ad perpendiculum eue ponit — namely, 
that in a temple there was scarcely any column, which by the practice of the 
Greeks, could be perpendicular. Verres wss delighted at finding something 
to set his young friend about, and said, “ Ob, by all means let him set the 
colnmns perpendicular ;” aud no doubt he took care himself to superintend 
the payment. 

The object of this adjustment is to correct an appearance of faolike 
spreading from the base outward, which takes place in columns which are all 
perpendicular. It may be owing to this cause that, in consequence of the 
diminution of the columns, the spaces between them on tbe architrave are 
greater than those on the ground (for the eye quite makes allowance for the 
counterspread of the capitals). Again, owing to the greater depth of 
snadow behind them, the upper part of the columns will have apparently 
more strength of light, and consequently appear greatei. The effect altoge- 
ther produced will cause the architrave, if equal, to appear longer than tbe 
base, and consequently the angle columns will appear to lean outwards: this 
is rectified by making the said angle columns lean a little towards the centra 
of tbe building. It is a proof of the wonderful judgment with which this 
quantity was chosen, that so many diligent and accurate observers have 
studied and drawn these temples without being aware of the fact. When 
my attention was first called to it, I could not at all perceive it ; and I 
greatly amused a French architect, who had been for some time at Athens, 
by asking him which way they leaned : after some days the eye began to 
take cognizance of it. and 1 could perceive which way it went. 

The impression of strength and beauty resulting therefrom is by no means 
confined to those who are cognizant of the fact ; and I donbt not that many 
of our earlier investigators have been astonished that the level-and -plumb 
imitations of Greek architecture which we have in this country so little re- 
called to their minds tbe consummate beauties of tbe Parthenon and other 
Greek buildings. No doubt our climate is unsuited to the pure Greek, but 
this is not enough to account for the falling off ; it is not so in oar Romait 
and Palladian buildings. 

One peculiarity which I noticed is that the ants lean forwards to meet 
the columns of the pronaos. This seems to have resulted from the inclina- 
tion inwards of tbe columns of the peristyle ; those of tbe pronaos and 
posticum being perpendicular, the effect would have been to produce a 
strong contrast between their different positions, and the artifice must have 
been delected : by the influence of the contiguous face of the ants, the 
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column (here drawn from the posticum), which is really perpendicular, is 
made to appear to lean slightly in the same direction as the outer columns. 

I have observed that a perpendicnlar pilaster, when brought very near to 
a column in a portico or doorway, has the effect of making the column appear 
to lean forward. The inclination of the ants is not itself visible, except to a 
spectator in the narrow space between the inner row of columns and the wall ; 
and when the eye is brought very near to a line, so that it cannot take it in 
all at once, it is scarcely possible to judge of perpendicularity. 

The last peculiarities I shall mention are the differences of the abacus. 
Those on the east front are of the largest class, the north-east and south-east 
having the largest in the whole temple; they are 6 858 ; the others in the 
east front are 6755 ; on the south side they are 6*580, and so are they on 
the west front. The north-west angle is the same as the ordinary size of 
the east front, 6*755 ; the south-west angle is somewhat less; on the north 
aide they are 6*750 in the middle, and regularly decrease towards the 
angles. 

The entasis of the columns is the most wonderful and beautiful of all the 
curves. It is so delicate, that its existence was for some time doubted ; and 
yet I found by careful measurements, in a manner which was suggested to 
me by Professor Willis, which 1 will here describe. A fine harp wire was 
strained from the top to the bottom, as tight as it would bear, close to the 
edge of such flutes as preserved a sufficient number of points, with the 
original surface, and by means of a rule similar to the one 1 here produce, 
which is supplied with a vernier, I was enabled to measure from the flute to 
the wire with the greatest accuracy to about half ^ foot. I took such 
measures in several columns of the Parthenon, which I found to be won- 
derfully true and identical. I measured also the entasis of columns from, 
the Erectheum, Propylsea (both orders), temple of Theseus, and Jupiter 
Olympus. In those of the Parthenon, Erectheum, and Propylsea, 1 find the 
correspondence with hyperbolic arcs, which I have calculated so exact, that 
the mean of from 14 to 20 measurements in each column differs from the 
calculated curve less than foot, and none of them, where the surface 
was to be depended upon, differs by so much as jfo. The entasis of Jupiter 
Olympus gives also a very true hyperbolic arc. The columns of Theseus 
are so much worn in their outer edges that I was obliged to content myself 
with measures within the flutes, which never give such regular curves as the 
fillets, although the flutes are worked with a nicety far exceeding that found 
. in any other style of architecture. Still, a mean from four different sections 
within the flutes gives a very accurate hyperbolic arc, although uo one is a 
perfectly regular curve. These hyperbolas are all chosen with their axes, 
multiples, or aliquot parts of the attic foot. The Greek architects acted 
with great judgment and knowledge of the nature of the curve they were 
employing, as it is the only one of the conic sections which can produce 
variety in such delicate curvature as they have chosen for their entasis. 

I must now advert to some of their mouldings, which are worked with 
the same perfection, and, as far as I have examined, are all different forms of 
the conic sections. 

The echinus of the capitals of all the Doric columns agrees with various 
forms of the hyperbola. The soffit of pediment, Parthenon, and Propylsea, 
and I think of Theseus also, shows a hyperbolic arc. This is a magnificent 
moulding, and worked with the utmost perfection. That of the Erectheum 
is an equally true parabola. The cymatium of the Parthenon is the only 
certain circular form which I know, except the torus of base, Erectheum, 
and Ionic order Propylsea. The flutes, also, are all parts of circles, whose 
centres are proportioned to the width of the flutes. In this they showed 
their judgment, as it would have been almost impossible to have worked 
pure ellipses ; and in these retiring surfaces the value of the perfect variety 
of curvature of the ellipse would scarcely have been appreciated. Talking 
of flutes, there is a peculiarity in the flutes of the Parthenon, which does 
not occur in any other of the temples of Athens. The flute at the neck is 
deeper in proportion to its width than in the rest of the shaft : during the 
whole rise, until about 3 feet below the neck, the sagitta or depth of the 
flute, from its chord, is jgths of chord. At the neck it is J$ths, which is 
abo.ut Jth part greater. This has a good deal of effect on the column, and 

S ives a richness of effect to the upper part, at the same time that it 
iminishes the light in that part where it can best afford it, viz., where it is 
contrasted to the deep back-ground of shade of the upper part of the cella 
wall. 

I have not yet much to say with regard to the colouring of the temple, 
nor have I much time to say that little, for I fear I must have exhausted your 
patience. The drawings which are at present made represent the architrave, 
band, &c., the triglypb, and the string which carries the marble beams which 
supported the ceiling. There is not a great deal of positive colour remain- 
ing in the Parthenon. The underside of the mutules show some vestiges 
of blue and red colour, and the upper part of the nook of the triglypbs, 
here and there on the east front, preserves some blue. One of the antae 
of the posticum has a tolerable supply among its eggs of blue and green, 
and some red. The flowers which decorate the cymatium and other mould- 
ings have no trace of positive colour, but the drawing of the ornaments 
upon them is in many places clearly to be made out. 
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CAST AND WROUGHT IRON BRIDGES.— (Part II.) 

(Continued from page 126.J 

At the request of the council of the Royal Scottish Society of Arts, the 
second part of a paper “ On the Strength of Materials , as applicable to the 
construction of Cast or Wrought Iron Bridges , including an account of the 
Tubular Bridges over the Conway and Menai Straits 8fc. y ” was read, April 
10th. By George Buchanan, Esq., President. 

In the first part of this paper, Mr. Buchanan described, on a former even- 
ing, the principle and construction of the High Level Bridge at Newcastle, 
which is intended to complete the communication by railway between Lon- 
don and Berwick-upon-Tweed. Some inquiry having been then made from 
the chair regarding the bridge over the Tweed, the only remaining link un- 
completed between London and Edinburgh, he had received the following ' 
particulars from Mr. Harrison, the resident engineer under Mr. Stephenson : 
— This bridge is to be of stone, and is to consist of 28 semicircular arches, 
each 61 j feet span, resting on lofty piers, carrying the level of the railway 
103 feet above high-water mark, 126 feet above low-water mark, and 135 
feet above the deepest part of the bed of the river. The whole length of 
the bridge, with abutments and wing-walls, is 2140 feet. The 28 arches are 
divided into two series by a broad pier, 28 feet in thickness in the middle. 
The piers of the arches are 8£ feet in thickness at the springing, increasing 
by steps towards the bottom. The bridge will not be completed for 16 or 
18 months, but it is intended to have a temporary bridge ready for traffic in 
the month of July next. This viaduct is a work of great magnitude, and 
will form, when finished, a striking and imposing structure, and one of the 
many to which the extension of railways has given rise. While on this sub- 
ject, he would mention two other remarkable works, recently designed and 
executed by Mr. Miller on the North British and Ayrshire Railways. The 
one is the viaduct over the Valley of Dunglass, between Dunbar and Berwick, 
not far from the once-celebrated Pease Bridge. This viaduct crosses the 
valley and banks by six semicircular arches, each 60 feet span, and then the 
deep ravine by a single arch, 135 feet span, and rising 105 feet above the 
bed of the stream. A large and beautiful model of this structure was ex- 
hibited, which Mr. Miller, at the President’s request, bad allowed to be 
shown to the Society. The other viaduct is that of Ballochmyle, across the 
Water of Ayr, on the Cumnock Extension of the Ayrshire Railway, and is 
similar to that of Dunglass in crossing the valley on three semicircular arches, 
each 50 feet span on each side, but is still more remarkable in crossing the 
deep ravine in the middle by a single semicircular stone arch no less than 
180 feet span, and rising 150 fee t above the bed of the stream — a bold and 
noble design, and which has been executed with complete success, the adja- 
cent rocks furnishing such vast blocks of stone as greatly to facilitate the 
construction, and to render, indeed, the plan itself practicable. The arch 
stones are 5 ft. 3 in. deep at the springing, and 4 ft. 9 in. at the crown, and 
the appearance from below of the stupendous arch rising to such a height is 
singularly grand and striking. The whole arrangements connected with the 
quarrying and raising and depositing the stones on the building, by the im- 
proved machinery of modern times, have been most efficiently conducted by 
the contractors, Messrs. Ross and Mitchell, and the simple mode of centering 
adopted and shown in the Dunglass model is recommended by the advantage 
of preserving the timbers entire. 

The subject of stone bridges opens a wide and interesting field, but ex* 
tending beyond the limits of this paper. He would, therefore, resume the 
one more immediately prescribed, namely, the strength of materials, particu- 
larly iron for bridges. Some interesting experiments, which the time on the 
previous evening did not permit to be shown, were then made on the tensile 
strength of stone from Hailes and Craigleith quarries. The Hailes stone 
bore on the square inch 360 lb., the Craigleith considerably more ; and a re- 
markable effect was observed here after the load bad hung for a little : it 
was suggested by a member to give it a slight tap with a hammer, and, on 
this beiug done, it immediately snapped asunder, showing the effect of vibra* 
tion or concussion when the materials are greatly strained in aiding and 
completing the fracture, a circumstance which appears to throw light on 
what may sometimes occur by the rapid and violent actions of the trains on 
railways. The compressive strength of the Hailes and Craigleith stones waa 
then shown, by experiment, to be much greater than the tensile strength; 
and as it required, indeed, more weight and a more powerful apparatus than 
could be commanded, these experiments on different stones were deferred to 
another evening. 

The compressive strength on posts or pillars was then considered, and the 
remarkable effects of the length of the pillar in diminishing its strength. On 
this subject much light has been thrown by the experiments of Messrs. 
Hodgkinson and Fairbairn. Pillars or rods were tried of different lengths, 
from 3 inches to 5 fee t, and of different diameters; rods half an inch diame* 
ter, with 3j inches length, bore 11 tons; but when the length was 71 inches 
it only carried 5 tons, when 15 inches long, 3 tons; and at 30 inches only 
13 cwt. From these experiments, a general rule may be drawn for different 
lengths. Taking the strength of cast-iron as formerly given at 50 tons per 
square inch, this will hold good in pillars till the length reaches five times 
the diameter, and then it begins to diminish. When the length is ten times 
the diameter, the strength is reduced in the proportion of If to 1 ; with the 
length at 15 times the diameter, it is reduced as 2 to 1 ; 20 times as 3 to 1 ; 
and 40 times as 6 to 1. 
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Hence the great advantage in cast-iron, of using hollow pillars or tubes in 
place of solid metal, whereby, with the same area or section of fracture the 
diameter of the pillar is increased, and with it the resistance to flexure, and 
an increase of strength in proportion to the length. A solid pillar, for in- 
stance, 6 inches in diameter, if extended to 7} feet in length, would be 
weakened one-half, but if cast hollow, 10 inches in diameter and f inch 
thick, giving the same weight of metal per foot in length, it might then be 
extended to 12} feet, and still possess the same strength as the other. In 
all these cases a remarkable circumstance was observed in regard to the 
mode of applying the strain. With the ends of the pillar turned flat, and a 
flat plate interposed at top and bottom, which is the case in supporting 
buildings, this was found to sustain nearly three times as much as when the 
pillar was rounded on the ends, so as make the force pass directly through 
the axis, as occurs so frequently in machinery with the connecting rods of 
steam-engines, and in other cases. The effect of the length of pillars in 
weakening the strength was illustrated by a striking experiment with a spiral 
wire, quite flexible, yet, when set up as a pillar, and tied in the middle 
laterally, with slender threads, carried a weight of 56 lb., and would have 
carried much more, but the moment the threads were cut, the wire gave way 
by flexure, and oversetting the balance, the weight immediately sunk. 

In regard to the Transverse Strain, he bad already explained the nature of 
this compound action, and particularly the manner in which, under it, the 
beam becomes exposed at once to the effects of tension and compression, 
the one side being distended and the other compressed. On this most in- 
teresting and important subject he bad still much to say, but would defer it 
to another evening, as the time was short, and be was anxious to proceed 
with another part of the paper which had been particularly referred to, 
namely, the subject of the tubular bridges. 

The application of malleable iron had been already used in the shape 
of teosioo-rods in cast-iron girders, and was applied, as we have seen, in 
the high level bridge at Newcastle ; bnt the application of girders con- 
structed of malleable iron alone is a new idea. It has been applied on 
railways in the case of skew bridges of wide opening and limited depth 
hetween the railway and the road ; in these cases the girder consists of a 
rectangular hollow* tube or square box, extending over the whole span, 
and of such depth as can be attained. These have hence received the 
name of Tubular Bridges, and have excited much attention since the grand 
experiment has been determined on, of trying these structures on such a 
magnificent scale as is now in progress of execution in the crossing of the 
Straits of Menai by the Britannia Bridge, and the estuary of the Conway 
by the Conway Bridge, and which form, without doubt, the most remark- 
able engineering enterprises of the present day. These spots, as is well 
known, had already been the scenes of vast engineering operations con- 
nected with the suspension bridges of Telford to form the great turnpike 
road communication from the metropolis to Holyhead, and thence across 
the channel to Dublin ; and when it was determined that this communica- 
tion should be superseded by railway, it became a matter of most serious 
consideration how these two openings were to be spanned, keeping in view 
the new conditions of stability required for railway traffic ; and the subject 
having been remitted to Mr. Stephenson, the engineer of the line of rail- 
way, namely, the Chester and Holyhead, he at once rejected the principle 
of the suspension bridge as inapplicable, owing to the undolations to which 
it was liable, and which had been proved by practice in a similar bridge 
for a railway across the Tees, to be both inconvenient and dangerous. 
How far the principle might have been modified by the introduction of 
proper ties and braces may be a question ; but in a case of such vast mag- 
nitude and importance there might still have been risk, and, on the 
nvatorest consideration, Mr. Stephenson determined to recommend the 
simple and bold design of a hollow rectangular tube of malleable iron, 
consisting of thin plates rivetted together, such as he had already tried 
with success on a smaller scale upon railway bridges, and which he con- 
ceived was the best form for securing not only strength, but sufficient sta- 
bility and stiffness to prevent any undue oscillations or vibrations. To 
carry out this plan, the assistance of the first authorities, scientific and 
practical, on the strength of materials was called in, and to Messrs. 
Hodgkinson and Fairbairn the duty was remitted of trying the effect with 
experimental tubes on a small scale, and finally on a model one-sixth of 
the dimensions of the bridge, being 75 feet long. Much valuable informa* 
tion was obtained during the progress of these experiments. The first 
thing observed was the uniform tension of the under side of the tube when 
loafed* and the violent compression of the upper side, forming a beautiful 
illustration of the nature of the tensile and compressive forces already laid 
down. The former, by its uoiform tendency to produce the stable equi- 
librium, bringing the thin masses into a straight line, the line and position 
of repose; but the latter, on the contrary, tending to produce flexure in 
the plates, to push them out of the straight line, and push everything out 
o{ joint ; so that when the bottom plates remained firm, and retained their 
form, the top plates became bagged up and puckered like a loose web of 
cloth. The top plates were, therefore, strengthened, and the addition of 
another plate to the top increased the breaking weight from 3,700 lb. to 
4,500 lb. 

As it was not so much strength that was wanted on the top plate as 
stiffness, in place of adding layer upon layer of plates, the idea naturally 
occurred of forming the top plate into a series of little hollow square tubes 
mooing longitudinally the whole length of the bridge, having the appear- 
ance, looking endways, of little cells, the effect of which was such, that 
while the top plates remained firm, the bottom ones now appeared to give 


way. These being next strengthened, an extraordinary effect was then ex* 
bibited when the tube broke, the sides collapsing together, and twisting 
and distorting the whole fabric in a singular manner, showing that the 
sides formed now the weak point. These, then, were strengthened and 
stiffened by numerous ribs of angle-iron running vertically from top to 
bottom, and at last, by these repeated trials, the strength and proportions 
of the different parts of the structure appeared to have attained a fair and- 
proper distribution. The strength of the tube, which at first only carried 
seven times its own weight, was then increased to eleven times, and from 
these experiments the strength and proportions of the real design have 
been calculated, and one of these tubes, as is known, has now been actually 
constructed on the shore of the Conway, floated by water to its place, and 
raised to its proper height by the power of two enormous hydraulic rams, 
one at each end, lifting the gigantic mass, which is 412 feet in length, 15 
feet wide, 25} feet high, and weighing no less than 1,300 tons. This is in- 
tended for one set of rails, and there is another tube of the same dimen- 
tions in preparation to be set parallel to it for the other. 

The situation of the structure close to the suspension bridge, and close 
to the base of the magnificent Castle of Conway, and the effect of spanning 
the wide estuary of the Conway, were all illustrated by a beautiful draw- 
ing, and the nature and construction of the tube or bridge itself, was illus- 
trated by a model which be had himself constructed. The model was 
composed of only three thicknesses of paper and one of cloth, and the sides 
were strengthened by thin slips of wood to represent the angle-iron ; it was 
8 ft. 6 in. long, 6} inches deep, and 3} broad, and although weighing only 
4 lb. it carried a weight of 32 lb. in the centre, without visible deflection. 

The dimensions and structure of the bridge he would now describe, 
from information for which he was indebted to Mr. Fairbairn of Manches- 
ter, and, through Mr. Stephenson, to Mr. Edwin Clarke, the resident en- 
gineer under him. 

The sides of the tube, which are 25} feet deep at the centre, consist of 
malleable iron plates, only } inch in thickness, rivetted together in plates 
2 feet broad and from 4 to 8 feet long (as was shown in an enlarged view 
or elevation with cross sections), adjusted so as that the joints may break 
band. At the joints, however, the strength and stiffness of these plates is 
greatly increased by slips of angle or T iron, one of which is laid on the 
outside of the plate and the other opposite to it on the inside, face to face, 
and all the four surfaces strongly rivetted together. The top of the tube, 
again, consists of two separate horizontal plates, running parallel to one * 
another, 1 ft. 9 in. apart, forming together as it were a ceiling to the tube 
or tunnel and an external flooring on the top. These plates are ] inch 
thick, rivetted together in breadths of 2 ft. 9 in. thick, and in lengths of 
6 feet, and between them there runs seven vertical plates longitudinally, 
from end to end of the bridge, 1 ft. 9 in. high and £ inch thick, separating 
the ceiling from the floor or upper platform, and at the same time uniting 
them strongly together by rivets and joints, each vertical plate having a rib 
of angle-iron on each angle, running longitudinally the whole length, by 
which it is united into one vast cellular mass, consisting of eight separate 
cells or tubes, 1 ft. 9 in. square. The object of all this strength and dis- 
tribution of materials is to give the necessary stiffness and streogth where 
the compressive force acts. And on this account the top and bottom plates 
are merely united by butt joints with covering plates. The whole sec- 
tional area of this cellular frame consists of 608 square inches. Lastly,, 
the bottom of the tnbe consists of a similar frame of cells, but only six in 
number. The upper plate consists of two layers of plates, each } inch 
thick, and the under one the same ; but as these plates are intended to 
resist tension, and ought to be formed, if it were possible, like a chain, 
besides being laid in two layers, the plates are arranged so as to break 
joint, and a covering plate 3 feet long and as thick as the plate is placed 
over every joiot with sufficient rivets, such that the tearing strain is equal 
to the tensile strength of the plates they connect. The plates are 12 lest 
long and 2 ft 4 in. broad, being the whole breadth of the cell. The angle 
iron in the bottom cells and plates is rendered continuous by covers. 

The top and bottom are united to the cells by strips of angle-iron run- 
ning the whole length, inside and out ; the interior vertical angle-irons at 
top and bottom are curved round to increase the strength of attachment, 
and there are also gusset or angle pieces rivetted on for additional 
strength. The rivets used vary from 1 inch to 1} inch diameter, and there 
are about a quarter of a million in each tube. The holes were made so as 
to make the rivets fit well, and they were all put in red hot. The sectional 
area of the bottom frame of cells is 508 square inches. 

These are the dimensions in the centre of the tnbe, bat the top plates 
become thinner towards the ends, where they are only }-inoh thick, and 
also the bottom plates, where they are reduced to }-inch each. The side 
plates again get thicker towards the eods, where they are fgths thick. 

The ends of the tube are stiffened with cast-iron frames, and there are 
also castings in the cells for 8 feel at the ends, and the sides are also 
greatly strengthened at the ends. The tube was originally curved on the 
top 7 inches, and was brought to the straight line by the elasticity of the 
material as calculated on ; showing that with its own weight, 1300 tons, it 
only snnk 7 inches. The one end of the tube is to be fast in the stone 
pier or abutment, the other is to be loose to allow of expansion, which has 
been found quite visible in different states of the atmosphere. Mr. Clarke 
says that the tube is a sensible thermometer, — half-an -hour’s sunshine at 
one end, or on the top, will move it laterally an inch and a half, and 
vertically two inches, and this when the tube is loaded with 200 tons in 
the centre* 


Digitized by 


Google 



1848.J 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


Such are (he dimensions and structure of this extraordinary work, and 
in regard to which, he was happy to say, the trials which hare been 
already made appear to promise every success. A load of 100 tons only 
sunk the tube 1 inch in the centre. In regard to the calculation of 
strength he was not able to enter on these at present for want of some of 
the data, but expected to do so on a future occasion. 

The thanks of the Society were voted to Mr. Buchanan for his excellent 
and instructive exposition ; and also to Mr. Stephenson, Mr. Fairbairn, 
Mr. Clarke, and Mr. Harrison, civil engineers, for communicating the 
information relative to the tubular bridges at Conway and Menai, and 
▼induct at Berwick ; and to Mr. Miller, C.E., for allowing his elegant 
model of the viaduct at Dunglass to be exhibited. Mr. Buchanan was at 
the same time requested to continue his observations, and lay them before 
the Society at a future time, which request he kindly promised to comply 
with. 

▲t the conclusion of the above paper, the following communications 
were read : — 

1. “ On anew Lubricant far Machinery” By Mr. Alexander Bryson. 
—This pfcper described a new compound, possessing properties which 
seem to reader it a better lubricant than those in use for large machinery. 
It is composed of oil, sulphur, and vulcanised caoutchouc. 

2. " On Economising Fuel in Gas-Works” By Mr. William Kemp. 
—The author states that be has made a valuable discovery in economising 
foel, at Galashiels Gas Works, by which almost all expense of fuel is 
saTed. Where coal tar is burned, it has an injurious effect on the furnace 
bars and retorts, the greatest annoyance arising from the rapid dickering 
up of the fornace bare, to remove which the firemen had frequently to 
throw water into the furnace, which caused the rapid destruction of the 
ban. To prevent this, the idea occurred to the author, of using the 
exhausted tan bark of the tan works, which had the desired effect. The 
force-pump for injecting the tar into the furnace was next thrown aside, as 
it was found that the dry bark absorbed tar equal to its production at the 
works. His method is as follows The bark is dried and mixed with 
the coke of the gas coal, bulk for bulk ; a pailful of tar is thrown upon it, 
not quite so much as it will absorb, and it is then turned over. The mix- 
ture bums with a fine clear flame, attended with less smoke than formerly ; 
the furnace bars, by remaining unclinkered, admit the oxygen freely for 
the combustion of the fuel. Where tan bark cannot be had, peat moss, 
loose and dry, makes a good substitute. The author states that in one 
year £126 was saved on furnace coal ; and he has pledged himself that, 
In future, not a penny shall be required for that article. 

3. M Description and Drawing qf a new Plate- Holder for the Daguerreo- 
type Camera ” By Mr. Andrew K. Sparer, 

Mr. Sparke’s plan is as follows:— A small mahogany box is made 
rather larger than three times the breadth of the plate, and half an inch 
on each end deeper ; the width is three-eighths of an inch. A hole is cut 
in wood the size of the plate, and in the centre of the large pieces. In 
this box a veneer frame is made with a place for the plate and glass, on a 
line with each other ; this is pulled backward and forward by a piece of 
wire or string, through a hole made at the corner. By this arrangement 
the plate is instantly exposed to the lenses, and will be found admirably 
adapted for taking moving objects. It saves the trouble of shifting the 
ground glass frame for the plate-holder, and the consequent risk of moving 
the camera, so annoying in the old plan. The plate is also exactly the 
same distance from the lenses as the glass. For a camera not achromatic, 
the ground part of the glass may be placed outwards, so that the plate 
will be the thickness of the glass nearer the lenses than the image seen on 
the ground glass, and consequently nearer or in the chemical ray. 


INSTITUTION OF CIVIL ENGINEERS. 

March 28, and April 4, — Joshua Field, Esq., President, in the Chair. 

The paper read was « The Engineering qf the Rhine and the Moselle ” 
By Mr. G. B. W, Jackson, Assoc. Inst. C.E. 

This communication was written during a short visit made to Holland, 
for the purpose of inspecting personally the works with which the author 
had become familiar in the writiogs of BeaudemoudiD, Vaoden Bergb, 
Del afon tain es, Hibbert, Krayeohoff, Ockhart, and Wiebekiog. It com- 
menced with tracing the geographical course of the Rhine from its source 
on the Badus, in the canton of the Grisoos, to its numerous outfalls iuto 
the sea. It tbeo treated at considerable length the geological character of 
the country through which the river aod its branches thus traversed. The 
ancient works, as far back as the time of the Romans, were then briefly 
described ; and the general stale of the bed of the river, with the compa- 
rative levels, the inclination and the velocity of the stream, at the com- 
mencement of the modern works, were then laid down in a tabular form, 
as points of data ; and then the capability of the Rbioe for forming banks 
by warping, or depositing the matter held in suspension, was discussed. 
The remainder of the first part of the paper was then occupied by descrip- 
tions of the modes of straightening the bed of the river, aod of construct- 
ing the dams, weirs, division arms, spurs, and shore works, and the method 
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of blasting the rocks, which latter considerably impeded the course of the 
stream. Our limits will not permit os to follow the details of these works, 
which differ so essentially from any in our own country, but the whole 
proceedings appeared to be given with such precision, that the paper, 
when it is published at length, with the copious details with which it wa# 
illustrated, will form a most interesting portion of the minutes of proceed- 
ings. 

The second part of the paper consisted to considerable extent of a trans- 
lation of an account of the spurs, groynes, and other works on the Moselle, 
for restricting the dimensions of the bed of that river, and increasing the 
depth of water, so as to enable the navigation to be carried on, which 
would otherwise be averted in the low-water seasons. It was shown, 
that to effect this, numerous arms of the river had been dammed across, 
and allowed to silt up ; the course had been straightened, elbows had been 
cat off, and the convex shores, after being silted up by deposit between the 
groynes, were defended by arming of fascioe9, &c. Division banks had 
been established for the inflowing rivulets, so as to carry the gravel to a 
greater distance down the stream. Rocks also were removed by powder, 
and general improvements to such an extent were executed, that the river 
was comparatively under good control. 

The account of the Rhine was then resumed, and, after detailing the va- 
rious plans that had been proposed for ameliorating its course, giving nu- 
merous interesting and valuable tables of Blanken’s and Bolstr&’s expe- 
riments as to the tides, the inclination of the bed of the various rivers, the 
duration of the ebb and flow, and average height of the river at the time 
of new and full moon, the height of various dykes above the extraordinary 
flood-line, &c., the paper finished with these general views :— 1 “ On looking 
at the map of Holland, and tracing its various streams, it certainly does 
not appear singular that frequent stoppages should take place in that 
country, whilst such occurrences are comparatively rare in Germany ; for, 
as long as the Rhine retains its single course, as at Emmerick, no 
obstacles, excepting elbows, stay the progress of the current seawards ; 
but, as soon as it divides at the Waal and Pannerden Canal, the evil com- 
mences and increases, according to the number of arms and channels 
lower down. It is generally agreed that a river should have as few out- 
lets as possible, in order to allow it the more effectually to clear itself ; and 
that the tide should be admitted as far as possible, whilst at the same time, 
the action of the winds should be diminished ; again, that the more the 
surface water of any river is obstructed, the more quickly the sand will 
accumulate ; and also that, if a cut be made, it is usual for ice stoppages 
to take place below it, so as to raise the water-level above ; and it is alio 
agreed, that if a cat be made, as capacious as the river itself, or be per- 
mitted to increase to that extent, it will soon get beyond control, whilst the 
sand will accumulate rapidly — aod that when openings exist in dykes, the 
ice gets into eddies, loses its velocity, and by degrees closes up the pas- 
sage below the opening, so as to raise the water above. The question, 
therefore, to be solved with regard to Holland and the system followed 
there, in order to prevent breaches in dykes, and to save the better part of the 
country (taking into account its weak, marshy soil, and its incapacity to 
withstand any great force), is whether it be the better plan to relieve the 
pressure on the dykes, by cuts aod new channels, aod local floodings, at 
Uie expense of increasing the number of ice stoppages ; aod, at the same 
time, diminishing the velocity in the main rivers, thereby greatly augment- 
ing its liability to accumulating sand. It is true, as already stated, that 
the rivers are at present in such a condition, that it must be very expensive 
to effect anything of importance ; but the question is of such vital import- 
ance to the port of Rotterdam, and the certainty of the mouth of the Memo 
at the Brielle in the course of time closing up like that at Katwyk, if no 
improvement be attempted, is so clear, that it is very much to be regretted 
some steps have not been taken ere this to prevent so great a flow of water 
from passing out by the Hollands diep to HeUoet.” 

The author directs the attention of the Institution to this subject, and 
gives the following points for the consideration of the members: — That 
the object to be aimed at, in any steps which might be adopted for knprov- 
ing the Meuse at Rotterdam, should be to protect and strengthen tbe shores 
and dykes likely to be operated upon by the alterations ; to straighten all 
the curves on the Leek, so as to lessen chances of ice stoppages ; to sepa- 
rate the Waal aod Mense waters as much as possible, and to lead off the 
former, together with the Leek, into the sea by the Brielle ; to narrow the 
Bresbosch channel (now divided) into one, regulating the quantity of water ; 
to close the Krabbe, the Noord, and the Spry, with sluice gates ; and, 
for the purpose of widening the outlet, to join the Island of Rosenborg to 
the main land at Vlaardingeo — thereby causing the ebb water to act upon 
this island, and with increased velocity and an additional quantity of 
water, attempting to remove the bar and shoals.” 

April 18. — u Observations on the Resistances to Railway Trains at dif- 
ferent Velocities ” By Mr. D. Gooch, of the Great Western Railway. 

For the purpose of performing the experiments, a dynamometer carriage 
was constructed at Swindon, in which all the results required were registered 
upon a large scale, on the same roll of paper, thus exhibiting at one view, 
and in the same period of time, the tractive power exerted upon the train, 
aod the force and direction of the wind ; the registration of the results waa 
made upon the paper at every sixteenth part of a mile, and the time waa re- 
gistered in correspondence with the distance traversed daring every fifth part 
of a second. The dynamometer spring used waa 7 ft. 6 in. long, andvery 
carefully arranged. It waa only necessary to count the number of seconds, 
or f actions of a second, in one or more of the distance divisions, end tne 
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■peed was accurately ascertained. The force and direction of the wind was 
ascertained by a wind gauge, placed 5 feet above the top of the carriage, 
with the connections brought down to pencils which indicated on the same 
sheet all the results. Indicator cards were also taken simultaneously from 
the steam cylinders as frequently as was practicable, but not continuously, 
as it was a service of some danger, the experimenter being obliged to sit on 
the buffer* beam of the engine at a velocity of 60 miles per hour, and in that 
windy position to take off four sets of cards in three quarters of a minute. 
The spot selected for performing the experiments was one mile of railway 
perfectly straight and level, and nearly on the surface of the ground ; and in 
the plan the height of the trees, hedges, and every intervening object which 
could affect the influence of the wind is clearly marked. The experimental 
train consisted of first and second-class carriages, each on six wheels, 4 feet 
diameter, taken indiscriminately from the working stock, and loaded with 
iron to represent a fair load of passengers, giving a gross weight for each of 
10 tons. The experiments were tried with various weights and speeds up to 
100 tons and to 62 miles per hour, and the results were classified and 
arranged in a tabular form, with copious explanatory headings, so as to ren- 
der reference to them exceedingly easy. 

The author first reviewed the deductions of Mr. Wyndham Harding’s for- 
mula, which was given at the discussion at the Institution in 1846, and gave 
his reasons for dissenting from that formula. He then examined critically 
several experiments recorded in the tables, stating candidly all the exceptions 
that could be taken to them ; showing that although there was a difference 
of as much as 52 per cent, shown between the resistance as calculated by 
Mr. Harding’s formula and the experiments made by Mr. Goocb, that dif- 
ference might be accounted for by the methods employed by Mr. Harding, 
which were objected to, as calculated to produce erroneous results ; viz., 
allowing carriages to run down inclines by their own gravity, using wheels 
of 3 feet diameter instead of 4 feet, having a much greater length of train 
for the wind to act upon, &c. He reviewed the great effect of a side wind 
against a train— driving the flanches of the wheels against the rails; and 
argued that the length of a train of carriages was much more important than 
its own weight. The author did not offer any formula that should be appli- 
cable for calculating the resistance of all railway trains ; but his tables gave 
examples of almost every case that could occur, and thence data could be 
aupplied for those who wished to carry the investigation further, and make a 
formula for themselves. He arrived at the conclusion that in practice the 
friction of the axle-journals was not a constant quantity at all speeds, and 
thought that the number and diameter of the wheels in a train, in proportion 
to the weight, should form elements in any general formula. He showed by 
experiments that the total atmospheric resistance to a train weighing 50 tons 
differed but slightly from that to a train of 100 tons weight, if the carriages 
were small and the train long in the one case, and the reverse in the other 
case. 

The general result of the diagram of resistance with trains of 100 tons and 
with 50 tons showed that the resistance calculated by the narrow-gauge for- 
mula with a 50 ton train, at 62J miles per hour, was 37 lb. ; with a train of 
100 tons, by the same formula, at 61 miles, it was 31$ lb. The broad gauge 
resistance, with a train weighing 50 tons, at 62 £ miles per hour, was under 
23 lb. ; and with a train weighing 100 tons, at 61 J miles per hour, was 22* 
lb. We cannot, of course, give fully the results, except in a comprehensive 
form, but such were the general results. 

The author concluded his paper by saying that it appeared to him neces- 
sary, before any general formula for calculating the resistances to railway 
trains could be made, that the value of the following elements, necessary in 
such formula, should be determined by experiments : — 

L The axle-journal friction, at different velocities and with different 
weights, per square inch of journal surface. 

2. The resistance to the rotation of the wheels and axles per pair at dif- 
ferent velocities and with different diameters. 

3. The resistance due to the rolling of the wheels upon the rails, with dif- 
ferent weights upon them, and with different diameters. 

4. The resistance due to the passage of the train through the atmosphere, 
at different velocities, with different proportions of weight, and length and 
breadth of train. 

5. The resistance due to the oscillation or unsteady motion of the train 

at various speeds. ’ 

The author considers that all these values might be determined, with a 
considerable degree of accuracy, by careful experiment. 


SOCIETY OF ARTS, LONDON. 

April 12.— Sir J. V. Boileau in the Chair. 

Mr. Digby Wyatt, architect, read a paper “ On the Art qf Enamel, An • 
tient and Modern” 

The paper commenced with some remarks on the necessity of increasing 
the resources of the designers of metal work, by effecting changes in the 
process of manufacture; and by that act, producing a novelty which 
Slight possess all the charm of freshness, without any of that extrava. 
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gance so constantly resorted to in the attempt to produce variety. The 
art of enamel presented this so much wished for desideratum, whereby 
by imitating the practice of the mediaeval artists in this material, we 
might considerably enrich our industrial resources, and facilitate the exe- 
cution of beautiful works of utilitarian art. 

After a hasty description of the composition of pure enamel, and the 
nature of the pigments nsoally employed to colour it, Mr. Wyatt pro- 
ceeded to enumerate the six leading varieties which had been adopted, at 
various periods in the history of the art, to unite the vitreous paste with 
its metallic base ; endeavouring, as far as possible, to describe each genus 
in the language of some contemporary authority. The first, or Byzantine 
process, which obtained throughout the Eastern empire, from probably 
the time of Justinian, down to about the year 1300, was illustrated from 
the particulars furnished by Theophilus, the celebrated artist monk of the 
11th or 12th century ; and its chief peculiarity appeared to have been the 
formation of casements, or cavities, for the reception of the enamel, by 
means of gold filigree. 

The second, or early Limoges style, which was so much practised in 
that city, from probably the 11th century, until the frightful siege and 
massacre by the Black Prince, was described from a comparison of the 
admirable notices of Mr. Albert Way with those of MM. Petit, Dussieox, 
Pottier, and the Abbd Texier ; and would seem to have substituted for the 
filigree compartments of the Byzantioe mode, incisions in the thick cop- 
per plate by the graver. 

The third, or early Italian mode, practised for probably some 50 years 
before the days of Ugolino Veri, the artist who executed the celebrated 
shrine in Oevieto Cathedral in the year 1338, and carried on by subsequent 
goldsmiths and enamellers down to the end of the 16th century, was detailed 
from descriptions given by Vasari and Benvenuto Cellini; about the 
middle of that century it appears to have held a midway position between 
the ancient champ led, or incised, and the painted enamels afterwards 
produced, consisting in engraving silver after the manner of medallic relief, 
and then floating it over with variously coloured transparent pastes. 

Benvenuto was said to have, if not invented, at least been the first to 
describe the improvement that took place about the beginning of the 16th 
century, in the art which constituted what Mr. Wyatt called Jeweller’s 
enamel. It consisted in using as a vehicle, with the glass powder employed 
to cover small gold or silver objects in the round, or in the highest relief, 
water in which pips of pears had been steeped. This held the paste in 
its place until vitrifaction took place, and was yet so delicate a cement, as 
in no degree to interfere with the perfect purity of the enamel. 

. The fifth, or “ late Limoges” variety, was described as having sprung 
at once, fully armed, from the brain of that Jupiter of enamel workers, 
Leonard Limousin, under the auspices of Francis the First, and differed 
from its predecessors chiefly in covering the entire surface of the metal 
with an opaque paste, and then painting on it with transparent colours ; 
regaining the effect of a translucent ground by applying silver leaf in par- 
ticular situations, fastening it with a glaze of colourless enamel, and then 
tinting over it. These peculiarities, as well as the peinture grisdtre , 
and touching with gold, were illustrated from the interesting manuscripts 
published by M. Maurice Ardent, of Limoges. This style appears to 
have dwindled into nonentity under the hands of the Nouailbers, a family 
who lived (they can scarcely be said to have flourished) during the latter 
part of the 17th century. 

In connection with the detail of the sixth and last process — the Miniature 
style — honourable allusion was made to the labours of Sir Theodore de 
Mayerne (whose interesting manuscript we may shortly hope to see pub- 
lished under the auspices of Mr. Heindrie) and his connection with Petitot, 
the principal and best known of this school of art. The improvements 
effected in this style would seem to have been a great enrichment of the 
palette, by the addition of new pigments, the power of multiplying the 
number of firings, and graduating the succession of tints, their hardness, 
and fusibility, by the addition of fluxes, &c. Unhappily, the mystery 
many selfish artists have thrown over their modes of procedure, renders 
them exceedingly difficult to analyse or describe. 

Mr. Wyatt then commencing with Egypt, gave a rapid sketch of the 
history of the art, noting the barbaric enamels existent in the North, 
probably previous to the Norman conquests; touching on the cbnnectioo 
between the Limoges and Byzantine schools; and tracing, though neces- 
sarily very briefly, all the salient points in its existence, both as a manu- 
facture and as an art, in our own and other countries. He glanced at 
what had been recently done in the a tellers of Wagner and Rudolph, at Paris, 
and the exquisite paintings of Messrs. Bone and Essex ; and concluded by 
expressing an earnest hope that the knowledge of art possessed by those 
gentlemen might soon be grafted on the skill of our workmen, and that 
we may ere long adopt, and fully carry oot, the old practice of the middle 
ages, so ably characterised by the Abb4 Texier, in his eloquent declara- 
tion that, “ in those days. Art and Manufactures were blended and iden- 
tified ; Art gaining by the affinity great practical facility, and Manufac- 
ture much original beauty.” 


Sash Line. — Messrs. Newall and Co. have greatly improved their patent 

copper wire cord, which it now made extremely flexible, and it well adapted for window- 
sash- line, holhouaea, lightning conductors, picture-cord, dock-cord, bell-hanging, and 
many other purposes for which hempen rope has hitherto been used j the advantages 
being that It is cheaper, nmch more durable, and one-sixth part the bulk of hempen rope. 
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COMPOSITION OF COAL GAS. 


Extracts from a lecture , by Dr. A. W. Hofmann, delivered at the Royal 
College of Chemistry, Hanover -square. 

The composition of gas evolved in the distillation of coal is by no 
means constant ; on the contrary, it varies to a considerable extent, de- 
pending principally on the nature of the coals, the presence or absence of 
moisture, and the temperature at which the distillation takes place. The 
chief elements which constitute coal are carbon and hydrogen, with 
small quantities of nitrogen and oxygen ; and, according to the quality of 
the coal, a larger or smaller amount of eartby matter. Another frequent 
ingredient is sulphur. This sulphur occurs almost invariably in combine, 
tion with iron, in the form of iron pyrites. The quantity in which it exists 
varies very considerably ; many kinds of coal contain so large an amount 
that they become altogether useless for the purpose of distilling gas. If 
coal be ignited, and atmospheric air excluded, a portion of its elements are 
evolved as gas, and the remainder become coke. The gases thus evolved 
contain carbon, hydrogen, nitrogen, oxygen, and sulphur. None, however, 
of these elements, except nitrogen, are found in an uncombined state among 
the products of the distillation of coal. 

The following tables show the different combinations into which these 
elements enter during distillation. These combinations are very numerous, 
and are divided into two groups — viz. : substances which are solids or 
liquids at the ordinary temperatures, and compounds which present them- 
selves at the common temperature in the form of gas. 


COAL GAS NAPTHA. 
Acid Portion . 


Hydrate of phenyle. . 

C 12 

Neutral Portion. 

H 6 .. 

O 2 

Bentol 


C 12 

H6 


Toluol 


C 14 

H 8 


Cumol 


C 18 

.. H 12 


Napthaline 


C 20 

H 8 


Paranapthaline 


C 30 

H 12 


PyTen 


C 15 

H 3 


Chrysen . . 

C 12 

Basic Portion. 

H 4 


Aniline .. 

. , 

C 12 

H 7 .. 

N l 

Picollne .. 

. , 

C 12 

H 7 .. 

, N 

Leu coline .. .. 


C 18 

H 8 .. 

. N 


NOTE. — The letters represent— C, carbon j H, hydrogen) O, oxygen; N, nitrogen, 
end so on; the figures designate the number of atoms of which each rolnme is com- 
posed— thus, one atom of aniline contains 12 atoms of carbon, 7 of hydrogen, and l of 
nitrogen. 

The above series of substances are each of them highly interesting to 
the scientific chemist, whilst several are likely to become of high practical 
utility. These substances, along with others which are little known, 
constitute the complex viscid mixture called “tar;” and it is rather sin- 
gular that many of them, in their separate form, are oils, possessing the 
most delightful odours. 

The second table exhibits the different constituents of the gaseous pro- 
ducts of the distillation of coal, as follows : — 


CONSTITUENT# OF COAL GAS. 


Name of Constituent. 
Hydrogen 

Light carburetted hydrogen 
Ollfiant gas .. 

Volatile hydrocarbons . . 
Carbonic oxide . . . . 

Cyanogen 

Sulphide of carbon .. 
Sulphuretted hydrogen 
Ammonia 
Sulphureous add 
Hydrochloric add 
Aqueous vapour 
Nitrogeu 
Carbonic add . . 


Proportions. 

H 

C H 2 
C H \ 
CnHnJ 
C O 
C2N 
C S 2 


8 

H 3 
O 
C 1 
O 

02 


Spec. Gray. 
0*0691 . . 
0-6528 .. 

0-9674 

0-9674 !! 
1*8010 .. 

2-0620 
0-5897 .. 
2*2114 .. 


0- 9720 

1 - 5203 .. 


Products of Combustion. 
Water. 

} Water and carbonic add. 

Carbouic add. 

Carbonic add and nitrogen. 
Carbonic add and sulph. add. 
Water and sulphureous add. 
Water and nitrogen. 


^Incombustible gases. 


In this table, the first is hydrogen , one of the constituents of water. 
From it is obtained a colourless transparent gas, remarkable for its low 
specific gravity, being one of the lightest substances known. It burns 
with a pale flame, requiring | a volume of oxygen, or 21 volumes of at- 
mospheric air, for its combustion. It is not, however, the luminous prin- 
ciple of coal gas. The next, light carburetted hydrogen, or marsh gas , is 
a compound, combining a proportion of carbon with two equivalents of 
hydrogen (C H 2). This gas, along with carbonic acid, is produced by 
the putrefaction of vegetable substances, under water— hence its name of 
marshgas . It burns with a pale bluiBh flame, rather more substantial than 
that of hydrogen — though it is also, evident that it could not be, any more 
than the other, the illuminating principle of coal gas. The chief consti- 
tuent of coal gas is olefiant gas — a name derived from its property 
of producing, when in contact with chlorine at the common temperature, a 
peculiar aromatic oil (of which a specimen was exhibited). It very much 
resembles chloroform, and no doubt but that it has also the same remark- 
able properties. It is far richer iu carbon than marsh gas, the per ceutage 
of the latter being only 75, while that *of the former is more than 85. 
Olefiant gas burns with a beautifully brilliant flame, and constitutes the 
true illuminating principle of coal gas. It requires for combustion to one 
volume of olefiant gas, three of oxygen, or 15 of atmospheric air. Marsh 
gas is composed of one atom of carbon, and two of hydrogen ; while 
olefiant gas combines the two in equal quantities. There is, therefore, a 


large amount of carbon in this gas, which may be proved in a striking 
manner, by lighting an admixture of one volume of olefiant gas with two 
of chlorine, which will produce hydrochloric acid, and deposit all the 
carbon contained in the gas in a cylinder, in the form of a dense smoke, 
which renders the gas perfectly opaque. 

Volatile hydro-carbons was the next constituent, but with respect to 
which, at present, there was not mnch known. The first table contained 
the names of several substances which had been extracted from the liquid 
products of the distillation of coal, called tar. These substances differed 
much with regard to their physical properties — some of them boiling only 
at very high temperatures, while others volatilised at a heat far below that 
of boiling water. It was evident, then, that the gas, generated along with these 
liquids in the retort, would carry off a certain quantity of these hydro-carbons 
— varying with the distance from the works at which the gas was examined. 
The great importance of these hydro-carbons in the luminous effects of coal 
gas would become obviona if their composition were considered. Benzol, for 
instance, contained not less than 92 per cent of carbon, a far greater 
amount than that of even olefiant gas itself. This was proved by in- 
flaming a small quantity of the liquid, so as to allow it an insufficient 
quantity of oxygen for complete combustion; and, in this way, a large 
portion of the carbon was separated. When mixed with a due amount 
of oxygen, the combustion of this liquid afforded a splendid light — 
— [The talented lecturer showed this, by passing a current of atmospheric 
air through the lighted benzol ; and also illustrated the peculiarly rich il- 
luminating power of this vapour, by passing it through the pale and almost 
invisible flame of hydrogen, which, when thus combined, gave out a volume 
of light, which gradually and steadily increased in vividness, until the eye 
could no longer bear its dazzling brightness.] 

Carbonic oxide was the next constituent. Carbon combined with oxygen 
in two proportions, forming two compound gases ; the one containing the 
smallest proportion of oxygen was called carbonic oxide; and the other, 
containing the largest proportion, carbonic acid t which appeared as the last 
item in the table. Both these gases were colourless, but their properties ex- 
hibited a striking difference. Carbonic acid was not inflammable, whilst 
carbonic oxide burnt with a pale bine 'flame, of little or no luminous power. 
Again, the latter was quite insoluble in water, while the former dissolved, 
particularly when the water contained a little alkali, so rapidly as to form a 
vacuum. — [This was illustrated by experiment.] This solubility rendered 
easy the removal of carbonic acid from coal gas ; but no method had been 
discovered of separating carbonic oxide, which barns with gas, though it 
adds nothing to its illuminating power. 

The other gases were produced in the distillation of coal gas in very 
small quantities; be should, therefore, only briefly notice them. There 
were two more compounds of carbons — the one with nitrogen, and the 
other with sulphur; the former of these were called cyarvogen and the latter 
sulphide of carbon. Cyanogen was distinguished by its beautiful violet 
flame — carbonic acid being produced in its combustion, and nitrogen set 
free. It was also remarkable for its solubility in alkalies — cyanide of 
potassium being produced, which, with ironsalts, yielded Prussian blue. 
This gas occurred iu coal gas in such small quantities, that its presence 
might, for a long time, have remained unknown, but for the very delicate 
test chemists possessed for cyanogen, by which the smallest traces could be 
detected. Sulphide of carbon was highly inflammable, burning with a blue 
flame, and producing carbonic and sulphureous acids. These substances had 
been actually found in coal gas, though they were by no means produced 
from every kind of coal. 

Sulphuretted hydrogen was Ibe next substance on the list; it was, however, 
invariably generated, and that too frequently in considerable quantities. Sul- 
phurets of iron, or iron pyrites, which were disseminated through the mass 
of the coal, was the source of this gas; and its quantity, therefore, de- 
pended upon the amount of that mineral in the coal. Sulphuretted hydro- 
gen was also the offensive principle in the exhalations from putrefying sub- 
stances containing sulphur. Sulphuretted hydrogen was a colourless gas, 
burning with a pale blue flame ; it had not only a most offensive odour, but 
produced a most deleterious effect upon health, even when mixed with a 
large proportion of atmospheric air. He had frequently witnessed, in the 
laboratory, fainting produced by the inspiration of this gas incautiously. 
Professor Faraday had proved, that a dog would die in an atmosphere of which 
l-800th only was this gas; and that a bird could not exist if the gas formed 
only 1- 1500th of its breathing medium. Fortunately, this gas was con- 
verted, by combustion, into sulphureous acid, which was very mnch lest 
dangerous and offensive. It was necessary, however, in making coal gas, 
to obliterate ever; trace of sulphuretted hydrogen, for the sulphureous acid 
it produced, although far less injurious, independently of its effect upon 
health, attacked very readily every metallic surface. Besides, the small 
quantity of sulphuretted hydrogen which would escape unburnt between the 
taming of the cock and the ignition of the gas at the burner, and by leak- 
age, was sufficient to destroy lead, painted, gilt, or silvered articles, in a very 
short time. The presence of sulphuretted hydrogen might easily be de- 
tected in gas, by submitting a piece of paper, moistened with the solution 
of acetate of lead, to the gas nniuflamed. 

Ammonia was another product, largely found in the distillation of coal 
gas, into which nearly all the nitrogen contained in coal was converted* 
Ammonia was a colourless gas, which, of itself, was very difficult to inflame, 
though, when mixed with other combustible gases, it was entirely consum- 
able. Respecting the products of the combustion of ammonia, accurate 
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experiments were still wanting. According to all known analogies, they 
were certainly water and nitrogen. Many works had stated that nitric acid 
was also produced ; but he could find no actual grounds for this ; and he 
believed, like many other such statements, it had been copied from work to 
work, and repeated until it had become received as a well-established fact, 
without the slightest claim to such a consideration. In all his experiments, he 
had never been able to find the smallest trace of nitric acid. Ammoniacal 
gas was very soluble in water, more so still in acids. The great avidity 
with which it was thus absorbed, rendered its separation from coal gas very 
easy. 

Sulphureous add was the product of the combustion of sulphnr in the 
coal; and hydrochloric acid from the decomposition of some chlorides, 
when they were present in the coaL Aqueous vapour was the result of 
moisture in the coal. The nitrogen in coal gas was the residue of the at- 
mospheric air contained in the retort — the oxygen of which was expended 
in converting a portion of the carbon and sulphur of the coal into carbonic 
oxide, carbonic acid, and sulphureous acid. Nitrogen was a colourless, 
transparent, and incombustible gas, which, being soluble neither in acids nor 
water, could not be separated from the coal gas. Carbonic acid had been 
considered with carbonic oxide, and that completed the whole of the con- 
stituents of coal gas. 

The illuminating prindples of coal gas were olefiant gas and the vapours 
of volatile hydro-carbons : there were also three other gases burning in the 
coal-gas flame — namely, hydrogen gas, carburetted hydrogen or marsh gas, 
and carbonic oxide. Besides these, the gas which we actually burn might 
contain traces of sulpburet of carbon and nitrogen — all the rest having 
been, or ought to have been, perfectly separated in the different processes 
of purification which the gas had to undergo. During the progress of the 
foregoing short description, the audience had already become acquainted 
with the manner in which these constituents singly burnt, but they would 
best obtain a correct idea of the contribution afforded by each, and the illu- 
minating power of coal gas, if they were all lighted at once. — [Dr. Hofmann 
then lighted the burners attached to the vessels containing the separate 
constituents, so as to afford a view, at the same moment, of all the various 
flames.] * 

By the process of purification which coal gas underwent before it was fit 
for use, the cyanogen compounds, the sulphuretted hydrogen, the ammonia, 
the sulphureous acid, and the hydro-chloric and carbonic acids, were sepa- 
rated ; and he proceeded to illustrate this process by passing coal gas, con- 
taining several of the above gases, through lime water mixed with a little 
potash; after which the liquid, which before was tolerably clear, became 
quite turgid, and the gas no longer contained the deleterious constituents. 

The lecturer then proceeded to devote a few moments to describing the 
manner in which the distillation was effected on a large scale. In the 
infancy of the manufacture, the coals were distilled in iron pots, but now 
iron vessels of a cylindrical form were used. These were placed horizontally 
in a furnace — one fire heating five of these retorts. The shape of the cy- 
linders was not unimportant ; and, after various changes, ear-shaped cylin- 
ders were now generally preferred — its heating surface being greater than 
that of any other. The front of the retort, or mouth-piece, as it waa tech- 
nically called, was fixed by screws — iron cement being placed between the 
flanges to render it air-tight— [These arrangements, as well as that by 
which the lid was fixed, were illustrated by drawings and a model.] The 
lid being fixed, the gas passed through a system of pipes into what was 
called the hydraulio main — a long, wide, horizontal pipe, half filled with 
water. Bach retort was thus perfectly isolated, and the end of the pipe 
being kept immersed in the water in the hydraulic main, any one of them 
might be opened, in order to charge it afresh, without fear of the gas al- 
ready generated rushing back through the opening. The temperature of the 
hydraulic main being comparatively lew, a large quantity of tar and ammo- 
niacal water was collected in this tube, which flowed into cisterns erected 
for the purpose. From the hydraulic main the gas passed into a system of 
refrigerating pipes — the temperature of which was kept low by a constant 
current of water, whereby another quantity of tar and ammoniac was sepa- 
rated. The gas entered next into the purifiers, respecting which he could 
not now enter into the various ingenious contrivances proposed by various 
clever gas engineers and chemists. It would, perhaps, suffice, if he stated 
merely, that now the gas was forced through hydrate of lime, merely 
moistened with water. 

In conclusion, he begged to offer some general remarks upon the combus- 
tion of coal gas. In enumerating the constituents of coal gas, he had 
pointed out those compounds which must be considered as impurities, and 
which must be separated before combustion took place ; but, at the same 
time, there were others, contributing little or nothing to the illuminating 
power of the gas, which, when once formed, could not be separated from 
the gas. These were hydrogeu, marsh gas, and carbonic oxide. Were 
these, then, to be considered also as impurities ? If the gas were used for 
illuminating purposes, to a certain extent at least, they must be considered 
as impurities, because they were burnt, and in their combustion, a large 
amount of heat was evolved ; the products of their combustion impaired 
the salubrity of the atmosphere in which such a light was burning, and no 
actual benefit or increase to the illuminating power was derived from them. 
If, then, there were no means of separating these substances when onoe 
formed, an effort should be made to prevent their formation. With regard 
to carbonic oxide, it would be difficult to find a method which secured us 
against its formation — the entrance of the retort, when being charged, being 


in commnuication with the atmosphere. It was, however, in the power of 
the gas manufacturer to diminish the amount of carburetted hydrogen, and 
especially of hydrogen. If the temperature of the retort were too high, a 
large quantity of the olefiant gas contained in the coal would be converted 
into marsh gas, or even into hydrogen. That this was often actually the 
case, appeared in a most striking manner, from the following analysis, made 
long ago, by Dr. Henry, of coal gas made from Wigan coal : — 


Analysis of Gas from Wigan Cannel Coal 
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It would be seen by this table, that it was of the greatest importance that 
the heat in the manufacture of gas should not be carried to too great an 
extent. In the first hour, 12 parts of olefiant gas, and 72 of marsh gas, 
were evolved — while only eight of hydrogen were generated. At the end of 
10 hours, not a vestige of olefiant gas was traceable; while the hydrogen 
amounted to 60 — evidently the consequence of the olefiant gas being de- 
composed by the excess of heat. It had been found that, if pure olefiant 
gas were passed through a particular temperature it became changed into 
light carburetted hydrogen and carbon. The ratio of this decomposition 
was as follows : — 

C2 H2-CH2 + C, CH2 = H2 + C 

So that it would be seen, that by a judicious arrangement of the heat of the 
retorts, the production of hydrogen and light carburetted hydrogen, which 
increased the bulk without increasing the illuminating power, might be kept 
within certain limits. A very small quantity of these substances might be 
present in coal gas without injurious effects, as they then served for the sus- 
pension of the vapours of the oily hydro-carbons. A mixture, indeed, of 
these vapours with carburetted hydrogen, in due proportions, might be con- 
sidered as an equivalent to olefiant gas. Benzol, for instance, contained 
92 per cent, of carbon ; while olefiant gas itself contained only 85 per cent., 
and carburetted hydrogen only 75 per cent. ; and, therefore, by an admixture 
of the latter with benzol, the illuminating power of olefiant gas might be 
obtained. Here, again, he would mention the beautiful process proposed by 
Mr. Low, for increasing the illuminating power of coal gas, as based upon 
the most scientific principles. If he wanted to express its nature in a sen- 
tence, be should say it was a process for converting a mixture of hydrogen 
and light carburetted hydrogen, by passing it through naptha, into olefiant 
gas. 

This naturally led to the question — Why did hydrogen possess no illumi- 
nating power at all ? and why was the illuminating power of marsh gas so 
far short of the beautiful light produced by a jet of olefiant gas ? — and, 
briefly, in what consisted the illuminating power of olefiant gas ? The il- 
luminating power of gas depended upon a portion of it being separated in 
the solid form, which, being deposited at a certain distance between the 
orifice of the burner and the rim of the flame, entered into a state of igni- 
tion, from which the light emanated. Now, the composition of coal gas 
was such, that if it were allowed to issue from a convenient burner, a com- 
plete combustion of the hydrogen was obtained, but only a partial one of 
the carbon. Another portion was separated — that which entered into a 
state of ignition being heated to a white heat before it reached at sufficient 
temperature for its combustion. 

In the flame of coal gas, three different parts, or cones, might be distin- 
guished. Immediately over the burner, it was principally hydrogen which 
was burnt, along with a little carbon, whilst the main portion of the carbon 
being thus set free, was ignited in the second cone, and consumed with the 
rest of the hydrogen in the outer flame. By a simple arrangement, the illu- 
minating power of the coal gas might be destroyed altogether — namely, by 
mixing it, previous to combustion, with a sufficient amount of air to produce 
a complete combustion. The illuminating power of coal gas — and, in fact, 
of any flame — depended entirely upon the deposition of a fixed body in the 
flame. It was by no means necessary that this body should be carbon. It 
might be anything else — such as lime, iron, Ac. — [The talented lecturer 
then rendered the flame of hydrogen luminous, by passing through it a 
chloro-chromic acid ; and this interesting lecture was concluded by several 
clever experiments, illustrative of the various subjects it embraced.] — 
Mining Journal, 


STEAM WORKING EXPANSIVELY. 

On the Influence of Rapid Motion of the Piston upon the Effect of 
Steam in Engines working Expansively : with Experiments upon the 
subject. By M. Paltrineri. — (Translated for the Journal of the 
Franklin Institute .) 

The researches and numerous experiments which I have made 
upon the application of motive power to machines, and particularly 
my experiments upon the effect of springs, have convinced me that 
in the expansion of steam there is a loss of power : a loss whic h 
should have a certain relation to the number of superimposed strata 
of steam which occupy the cylinder, from its bottom to the piston. 
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These strata, moving with the piston, should naturally develope 
themselves, in order to follow and push it; and it is in this de- 
velopment of strata, one after the other, that the steam must em- 
ploy a portion of its force, a portion which is certainly lost to the 
engine. The greater the number of strata, the more rapid is their 
development ; and the more power that is thus absorbed, the less 
will there remain for useful effect. 

Suppose the steam introduced into a cylinder to be intercepted 
at the moment when the piston has reached a fourth or a third 
part of its stroke, to give place to the expansion : from this mo- 
ment we may imagine the fluid mass divided into a determinate 
number of successive parallel strata, and beginning to develope 
and expand themselves to drive the piston and follow it. It will 
then be apparent that the stratum nearest the piston will, without 
doubt, be able to exert upon it all its effort, and all the rapidity of 
which it is capable ; but it will be also apparent that the one which 
follows cannot do as much, because the preceding stratum con* 
strains it, by pushing it backwards at the same time that it forces 
the piston forwards. By its condition as an elastic fluid, steam 
should naturally expand every way, and maintain at the same time, 
as is admitted, a uniform density throughout its volume — conse- 
quently, the stratum which drives the piston on one side, repels, 
on the other, at the same time, the stratum which follows it, 
although allowing itself to be penetrated by it ; the latter repels 
the one which follows it, and so on to the last, which is at the bot- 
tom of the cylinder. 

There must, therefore, be a collision between one stratum and 
another, on account of the difference in their velocities, and of the 
necessary compenetration of one stratum into another, in order 
that the uniformity of density may be maintained. This collision 
must evidently produce a loss or power— a loss which should be 
proportional to the differences of the velocities, and which will be 
the more considerable according as the number of successive strata 
is increased, and as the expansion takes place more quickly. 

It is from these considerations, confirmed by the results of ex- 
periments upon the effect of helical springs, that I am persuaded 
that a given Quantity of steam, working by expansion, will produce 
more disposable and useful effect acting upon a piston of a large 
surface and short stroke, than upon a piston of smaller surface and 
with a stroke proportionably longer, all other circumstances being 
equal. Desirous of determining the truth of this opinion by rigo- 
rous experiment, I caused two steam-engines to be constructed 
under conditions strictly equal, and calculated to produce the same 
dynamic effect, according to admitted principles. But in one of 
them, the relation of the surface of the piston to the length of the 
stroke was in an inverse ratio to that of the other : that is. if one 
of the pistons had a surface of 20 and a stroke of 24, the otner had 
a surface of 80 and a stroke of 6 ; so that the volume produced by 
the movement of one piston is precisely equal to that of the other. 
There is, therefore, exactly the same quantity of steam enteriiu; 
and leaving the two cylinders at each Btroke of the piston, ana, 
consequently, when the number of strokes is the same, in a given 
time, in each of the two engines, it ought to be certain that there 
is the same volume of steam, in the same physical and mechanical 
conditions, used by each cylinder. These experiments, of which a 
table is given, were made with all possible precaution, in order that 
all the conditions of the apparatus should be identically the same ; 
they were repeated several times, on different days, and in the 
presence of several competent persons. 

The following table shows the mean of the results obtained in 
several series of experiments, the apparatus being always kept 
under the same conditions : — 
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The numbers in this table will show, at a glance, the difference 
of effect between the two engines. Although every precaution wag 
taken to avoid error in the measurements and observations, and 
though the numbers in the table only show the mean result of 
several series of experiments, I do not assert that the ratios there 
given are strictly those which should result from the physical law 
of this phenomenon. New experiments, with engines of greater 
power, and an exact calculation with regard to the results obtained, 
can alone establish, with the accuracy desirable, all these relations! 

I believe, however, that the reasoning upon which my opinion is 
founded, and the results of the experiments which go to confirm it, 
authorise me to make the following conclusions 

1. That the velocity of the piston has a much more remarkable 
influence upon the useful effect of steam than has been heretofore 
supposed. 

2. That this influence is very greatly increased, and according 
to a certain ratio, on account of the amount of expansion which is 
allowed to the steam ; the greater being the expansion, the greater 
is the difference of effect. 

3. That in order to obtain from steam the greatest amount of 
useful effect, it is necessary to use cylinders as wide and short as 
may be practically convenient, and that the piston should move at 
a very low velocity. 

It is certainly not unknown that the effect of steam has a rela- 
tion to the velocity of the piston ; but it has not yet, so far as I 
know, been recognised that the velocity of the piston has a parti- 
cular and considerable influence upon the effect of the expansion j 
and I believe myself to be the first who has directed attention to 
this subject, and who has sought to demonstrate the truth by ex- 
periment. The numbers in the table show, in effect, very con- 
siderable differences, although the velocities of the two pistons 
appear only in the ratio of 1 to 4. The experiments mentioned 
have manifested two other phenomena which have attracted my 
attention, and which I recommend to the notice of scientific per- 
sons : the first is, that in the engines which I used, and when they 
were worked by expansion, the pistons were compelled, in some of 
the experiments, to complete their stroke while having against 
them (on account of atmospheric pressure) a resistance stronger 
than the force by which they were impelled. The other phenome- 
non is relative to the work done by the two engines. In most of 
the experiments made, the useful effect, as measured by the break, 
was always, and even considerably, more than the theoretical effect 
of the motive power. Does this difference of effect depend upon 
the partial vacuum created in the escape-pipe on account of the 
rapid passage of the steam, so that the pressure upon the piston 
has a relatively greater force ? May this rarefaction in the escape- 
pipe also account for the continuance in the stroke of the pistons^ 
although they may have been placed in equilibrium by atmospheric 
pressure before making a half; or two-thirds, of their stroke r 

All these questions, the importance of which will be readily per- 
ceived by men of science, have need of study and elucidation, bv 
experiments, perhaps of a different kind. On my own part, I shall 
do all that I can ; but I call for the aid of learned persons who are 
conversant with such matters. 


ROYAL POLYTECHNIC INSTITUTION. 

This Institution was re-opened at Easter, although the additional 
buildings are not quite completed. When this is done, there will be greatly- 
increased accommodation, for the whole building will be doubled in sise. 
The grand theatre will be one of the largest of the class in London, and 
capable of holding fifteen hundred persons. The screen is likewise of 
colossal size, so that a vast picture can now be shown on it, with all the 
resources of powerful instruments. Thus the Institution is in possession 
of a dioramic exhibition of mnch greater power, and possessing much 
more variety than any in London. In the illustration of miorosoopic 
objects, the great screen is likewise a valuable accessary, and its results 
present a strikiog contrast to what used to be a state of microscopic illus- 
tration, but a few years back. The old great theatre has been very mnch 
improved, and is now reserved for chemical lectures, the small chemical 
theatre at the other end of the Institution being devoted to purposes m 
exhibition. The grand theatre is accessible from three floors of the central 
hall, so that it can soon be filled and cleared, which is a great convenience 
to visitors. Over the screen room is a kind of besaar of objects of orna- 
mental art, consisting of porcelain and glass works, of great merit, from 
the establishments of Alderman Copeland and others. They show, even 
more effectively than the exhibition at the Society of Arts, the P* 0 ! 
gress of these important arts in England. When the front of the Boyai 
Polytechnic Institution in Regent-street Is finished, it will make one of tap 
finest buildings in the street, and a very great ornament to it. The aliem- 
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tiona have, it is understood, been made chiefly through the exertions of 
Mr. Nurse, the chairman of the Institution, who has evidently spared no 
pains or expense, and has succeeded in giving to the metropolis an estab- 
lishment of a very high -class, equally useful and ornamental. The works 
are such as to do great credit to the skill and taste of Mr. Thomson, the 
architect. 


\ NOTES OF THE MONTH. 

The Art -Union* — The report shows that there has been a falling-off this 
yearof £5,000 in the income. This may be partly attributed to , the bad- 
ness and partly to the threatened government interference, but mainly to 
the reaction consequent on mismanagement and want of taste. The en- 
gravings have caused disappointment to the subscribers, and brought shame 
upon the committee. Their commercial value has long since been settled, 
the print witti frame and glass being sold at the picture-dealers for seven 
shillings and, sixpence. The engravings have not illustrated auy subject of 
legitimate* interest, and have wanted the character' of high works of art; 
their utmost merit being that of middling wall-hangings. Upon such taste, 1 
thousands 'of pounds have been spent most wastefully, for any jobbing 
engraver could have turned out the whole lot of engravings at a much less' 
price. In example and in practice, the administration of the Art-Union is 
equally bad, and is very unfavourable to the true interests of art. The plan 
of prize casts is most' illiberal, for it is little better than desecration to break 
up a mould 'for the purpose of preventing more impressions from being 
taken. We must admit that there is no hope of the Society being more 
useful, even if the' control of the prize-money should be taken from the 
prize-holders, and given to the council, — for the latter have shown their 
incompetency in everything they have undertaken, like most self-elected 
bodies. 

Paper-hangings prepared by meant qf Nitrate qf Silver and other Salts . — 
M. Larocque presented a paper to the Academie des Sciences, Paris, explain- 
ing a new process for colouring and designing paper-hangings. He observes, 
that nearly all the salts are volatilised under the influence of vapour from 
water or saline solutions, and that the nitrate of silver, among other salts, 
on account of its easy reduction, would furnish a great variety of shades of 
colour ; and by means of reserves made in the paper, any designs in white 
might be obtained; The following is the process employed: — “Take of 
pure nitric acid, sp. gr. 1*50, two parts; and distilled water, one part. Place 
the mixture in a poroelain capsule and heat it, throw in about two ounces of 
silver, and continue to apply heat until the action of the acid on the metal 
has ceased ; with this quantity of silver 700 or 800 sheets of paper may be 
coloured. In this operation but a very small loss of silver will be found, for 
the residue can be formed into nitrate of silver and sold ; or, if calcined at 
a red heat in a crucible with carbonate of soda, the metallic silver may be 
obtained; and; employed for a new operation, in order to obtain good 
designs, it is necessary to operate in a place well lighted and out of currents 
of air. 

Quarrying Machine.-— “We took occasion ( says the Newcastle Chronicle), 
o few weeks ago, to notice a new atone- drilling machine, and that it would shortly be 
tested upon some of the quarries In the neighbourhood of Newcastle. We can now 
state the result of a trial made upon the quarry of Mr. R. Cull, near Gateshead. The 
machine was put in motion by four men, and worked for an hour and a half, when they 
attained* depth of 8 feet, of 4 inches gauge. The hole was then charged with 19 lb. of 
powder, and the diacharge produced the removal of 5,400 cubic feet of rock. We un- 
derstand that It is likely to be very greatly patronised by quarry owners, from the ra- 
pidity with which it does Us work.** 

Chemistry of the Sea. — A lecture was delivered on this subject at the 
Royal Institution, by Dr. Thomas Williams, ol Swansea. In commencing, the lecturer 
demonstrated, by means of an apparatus contrived for the purpose, the effects of pres- 
sure oo fishes at definite depths beneath the surface of the sea. Having shown that a 
gold fish, when the water In whloh it was placed was subjected to a pressure of four at- 
mospheres, became paralysed, Dr. Williams stated the following conclusions as deduced 
from his own experiments : — 1. That round fishes, having an air bladder, cannot, without 
injury, be exposed to a pressure of more than three atmospheres.— 2. That the use of 
the air bladder Is not so much to regulate the specific gravity of the animals os to resist 
the varying force of the fluid column, and thus to protect the viscera and abdominal 
blood-vessels against excess of pressure.— 3. (Though In this esse the results are less 
striking) flat fish exhibit a limited capacity only for sustaining pressure. From these ob- 
servations, Dr Williams inferred that the condition of pressure regulated the distribution 
of fishes in depth. ' Referring to the experimental researches of Prof. E. Forbes, he ex- 
pressed his conviction that pressure would be found the most important element In the 
problem of submarine organic life. He observed that the lower animals evinced a tolerance 
of pressure peculiar to each species, aud determining its zone of depth. The laws of 
oceanic temperature were next explained. It was experimentally demonstrated, that the 
expansion of sea-water is considerably greater than that of pure water, under equal incre-' 
ments of heat. It was, however, established by the aerometer, that density did not 
diminish In exact proportion with the Increase of volume. It was argued, that this ex- 
periment went to account for the expansion of crystals by heat, as noticed by Mitscher- 
Iich ; and that it also proved that in the case of two strata of water of dissimilar tem- 
perature ovfcitylhg fich other in the ocean, the tendency to intermixture by vertical 
molecular attraction was greater than would be the case if th,e sea consisted of distilled 
water. It was contended that it wa» la accordance with the principles developed in this 
experiment, that the warm water occupying the greatest depths In the sea (as discovered 
by Sir James Ross) rose to the surface and escaped under the form of vapour, which by 
diffusing warmth through the atmosphere mitigated the rigour of polar cold. Referring 
to the stratum of water of uniform warmth, observed by Sir J. Ross, the lecturer stated 
that he had ascertained, by experiment, that water acquires a considerable Increase of 
temperature under great pressure, and that he thought that the temperature of the deep 
sea could only be satisfactorily accounted for by the condensation of bulk which the " air 
of water** underwent. The incraase of temperature measured downwards from the 
stratum of uniform warmth to the sea bottom was noticed as proving that the latent 
heat of the dissolved air was rendered sensible as the pressure— that is. as the depth in- 
creased. Dr. Williams concluded by referring to the maximum density of water, the laws 
governing the solution of sir in water, and by explaining the Influence of those con- 
ditions on the existence and distribution of plants and animals In the sea. 


The Timber Duties. — The following new and reduced prices on Umber 
and wood goods came Into operation on the 5th of April Timber or wood, not being deals, 
battens, boards, staves, handspikes, oars, lathwood, or other timber or wood, sawn, split, 
or otherwise dressed, except hewn, and not being timber otherwise charged with duty, 
the load, 15s. ; deals, battens, boards, or other timber or wood, sawn or split, and not 
otherwise charged with duty, the load 1/. is. — or, in lieu of the duties imposed upon wood 
by theload, according to the cubic contents, the Importer may have the option at the 
time of passing the first entry of entering battens, batten-ends, deals, deal-ends, and 
planks, by tale, If of and from foreign countries, according to their different dimensions 
and rates of duty, lu which a considerable reduction is made, varying from one- fourth to 
a moiety of the rates of duty hitherto levied thereon ; staves, the mad of 50 cubic feet, 
18s.; firewood, the fathom of 216 cubic feet, 6s.; handspikes, not exceeding 7 feet In 
length, the 120, 12s.; exceeding 7 feet in length, the 120, 1/. 4s.; knees, under 5 Inches 
squire, the 120, 6s. ; 5 inches and under 8 Inches square, the 120, If. 4s. ; lathwood, the 
fhthom of 216 cubic feet, If. 4s. ; oars, the 120, 41. 10s. ; spars or poles, under 22 feet in 
length, and under 4 inches io diameter, the 120, 12s. ; 22 feet in length and upwards, aod 
under 4 Inches in diameter, the 120, If. 4s.; spars of all lengths, 4. and under 6 inches 
in diameter, the 120, 21. 8s. ; spokes for wheels, not exceeding 2 feet in length, the 1,000, 
If. 4s.; exceeding 2 feet in length, the 1,000, 21. 8s.; timber, planed, or otherwise 
dressed or prepared for use, and not particularly enumerated nor otherwise charged with 
duty, the cubic foot, 4d. ; and further for every 1001. value, 101. 


ZsZST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM MARCH 27, TO APRIL 20, 1848. 
Six Months allowed for Enrolment , unless otherwise expressed . 


Benjamin Grey Babington, of George-street, Hanover- square, Middlesex, M.D., and 
John Spurgin, of Gulldford-streel, Middlesex, M.D., for "Improvements in the manu- 
facture of metallic pens.**— Sealed March 27. - 

John Coates, of Seedley, Lancashire, calico printer, for “ certain Improvements la 
machinery or apparatus for printing calicoes and other surfaces.**— April S. 

Michael Joseph John Donian, of Abbot's Bromley House, Staffordshire, Esq., for 
" Improved compounds or mixtures to be used for lubricating machinery.** — April 4. 

James Pllbrow, of Tottenham, Middlesex, engineer, for "certain Improvements in 
propelling upon railways and canals, and in the apparatus or machinery by which the 
same it to be accomplished.*'— April 4. 

Thomas John Knowlys, of Hetham Tower, near Lancashire, and William Flllis, of 
Shirley, Hants, for “ Improvements in generating. Indicating, and applying heat.**-* 
April 5. 

Joseph Foot, of Spital-square, Middlesex, for “Improvements In the manufacture of 
sieves.'*— April 6. 

’ Eugene Ablon, of Panton- street, Haymarket, for "Improvements in Increasing the 
draft in chimnies of locomotive and other engines.**— April 8. 

Thomas Gill and John Edgcumbe Gill, of Plymouth, manufacturers, for " Improve- 
ments in the manufacture of manures.*’— April 8. 

Thomas Potts, of Birmingham, brass tube manufacturer, for " Improvements In the 
manufacture of tubular fluea of locomotive and other steam boilera.**— April 16. 

Thomas Spencer, of Prescot, Lancashire, for "certain Improvements In machinery or 
apparatus for manufacturing pipes and tubes from clay or other plastic materials, part or 
parts of which improvements are applicable to the manufacture of hollow earthenware." 
—April 10. 

James Derbam, of Bradford, Yorkshire, manager, for " certain Improvements in ma- 
chinery for carding, combing, preparing, and spinning cotton, wool, alpaca, mohair, flax, 
silk, and other fibrous materials." — April 10. 

John Ecroyd, of Rochdale, Lancsshire, machine maker, and John Eccles, of the same 
place, mechanic, for " certain Improvements in valves or plugs for the passage of water." 
April 10. 

James Petrie, of Rochdale, Lancashire, engineer, for " certain Improvements In steam 
engines.’’— April 10. 

' John Longworth, of Newton Heath, Lancashire, for " certain Improvements in pickers 
for power looms."— April 10. 

James Meacock, of Liverpool, gentleman, for " Improvements in preventing and ex- 
tinguishing fire in vessels, warehouses, and other bulldiogs, parts of which improvements 
ale applicable to ventilation." — April 12. 

John Masters, of Leicester, gentleman, for " Improvements in dress fastenings, and la 
attaching the same ; and in articles made, wholly or in part, of certain flexible materials 
or fabrics.”— April 12. 

Henry Henson Hsnaon, of Hampstead, Middlesex, gentleman, for “certain Improve- 
ments in rdilway carriages and wagons, and in vessels of capacity, employed in the storing 
and conveyance of explosive substances." — April 15. 

Thomas Forsyth, of New North-road, Middlesex, engineer, for " Improvements in the 
manufacture of railway wheels."— April 15. 

Charles Green and James Netrmsn, manufacturers, of Birmingham, for “Improve- 
ments in the manufacture of s part or parts of railway wheels."— April 15. 

Richard Madigan, of Haverstock-hill, Hampstead-road, Middlesex, civil engineer, and 
John-Coope Had dan, of 14, Lincoln's inn-fields, Middlesex, civil engineer, for " Im- 
provements in the manufacture of wheels for railways."— April 15. 

Selah Hiler, of New York, in the United States of America, for " Improvements in the 
manufacture of stair rods."— April 15. 

David Davies, of Wigmore-street, Cavendish-square, coachmaker, for "certain Im- 
provements in the construction of the heads of open and close carriages." — April 15. 

Charles Attwood, of Wolsingham, Durham, Esq., for a "certain Improvement or ira- 
provementain the manufacture of iron." — April 18. 

John Britten, of Birmingham, machinist, for "certain Improvements in beating, 
lighting, ventilating, and closing and screwing the doors of apartments ; also in lighting 
and ventilating carriages, parts of which improvements are applicable to other like pur- 
poses."— April 20. 

Matthew Cochran, of High-street, Paisley, Renfrewshire, for " certain Improvement* 
in the production of coloured patterns or designs on warps of carpets, velvets, or other 
textile materials, parts of which improvements are also applicable to the production of 
coloured patterns or designs on woven fabrlcs,or other planes.**— April 20. 

Samuel Clegg, of Regent’s-square, Middlesex, engineer, for " Improvements In gas 
meters.**— April 20. 

John StraD§ Harradine, of Holywell. cum- Needingworth, Huntingdonshire, farmer, for 
" an Improved mode of fitting certain girths and etraps."— April 20. 

Henry Gilbert, of Saint Leonard’s- on -Sea, Sussex, for " sn Improved mode or Improved 
modes of operating In dental surgery, and Improved apparatus or Instruments to be used 
therein."— April 20. 
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THE CONWAY TUBULAR BRIDGE. 

( With Engravings, Plate VIII. ) 

The great engineering evqnt for 1848 is the raising of the Conway 
Tubular Bridge, and which after so much fear and anxiety has 
been effected with great success. This work derives its importance 
not so much from its greatness, as from its opening the way for 
the adoption of a new system of bridge building, whereby the 
resources of engineering are very much extended. To build a 
bridge greater than those which have been made before, to make 
a railway longer than those which have yet been opened, or to 
construct a more powerful locomotive) is a great work ; but it is of 
very much greater importance to execute something entirely new. 
The engineer who has constructed the greatest lighthouse or the 
greatest dock in his day, may be overcome by some one else, and 
then his claim is at an end ; whereas the engineer who extends the 
resources of his art, has a clear and unique claim to distinction. 
Mr. Robert Stephenson has the merit of carrying out this system 
of tubular bridge building, and it will be a special event in his 
career, beyond the many works of constructive skill he has already 
produced. The success of the Conway bridge is none the less 
important, because it settles the practicability of that greater 
undertaking, the Menai Tubular Bridge. Thus progress in any 
one direction leads most certainly to greater exertion ; and it is 
peculiarly necessary to give every encouragement to all attempts, 
which open a new career for the engineer, and give him greater 
means of exertion. 

W e are glad to learn that the trials hitherto made within the 
tube with locomotives have been successful, though we have not 
had the opportunity of personally investigating the real progress 
of the undertaking. We shall, however, watch it with interest 
and attention, to see how far its continued working justifies the 
opinion which has been entertained of its success : at the same time, 
we may say we do not participate in the fears which are enter- 
tained by some of our mathematical correspondents. 

We have this month given engravings of the tube, and the lifting 
apparatus, and next month we propose to lay before our readers 
drawings of the ingenious Jacquard machinery invented by 
Messrs. Roberts, for punching the plates. 

The construction when finished is to consist of two tubular 
bridges, formed of wrought-iron plates, each tube being for one 
line of rails. W e shall now confine ourselves to the description of 
one of the tubes, which was fixed in its place in March last, and is 
shown in the accompanying engravings, Plate VIII. 

Fig. 1 exhibits a transverse section of one of the tubes and 
the masonry of the pier, together with the lifting apparatus. 
Fig. 2 is a side elevation of 19 feet in length of the tube, resting 
on the masonry, and the lifting apparatus. Fig. 3 is a section 
through 12 feet in length of the tube, and section of the lifting appa- 
ratus. Fig. 4 is a plan of the top of the tube to the extent of 20 
feet in length, and plan of the hydraulic press. Fig. 5 is a front 
view of one end of tne suspension girder, and fig. 6 a side view. 

The tube consists of a snell or external casing, a, a, of wrought- 
iron plates, from 4 to 8 feet long and 2 feet wide, by ^-inch 
thick in the centre, and |ths of an inch thick towards the end of 
the tube, rivet ted together to T-angle-iron ribs, placed on both 
sides of the joints, and angle-gussets at the feet of the ribs to 
stiffen them ; a ceiling, composed of 8 cellular tubes b , each 20^ 
inches wide, and 21 inches high ; and a floor containing 6 cellular 
tubes c, 27 £ inches wide, and 21 inches high. The whole length of 
the tube is 412 feet, and 22 ft. 3^ in. high at the ends, and 25 ft. 
6 in. high in the centre, including the cellular tubes at top and 
bottom, running the whole length, and 14 feet wide to the outside 
of the side plates. The upper cells are formed of wrought-iron 
plates, f-inch thick in the middle, and 4-inch thick towards 
the ends of the tube, put together with angle-iron in each angle 
of the cells; and over the upper joints is ri vetted a slip of £«inch 
iron, 4rX inches wide. The lower c dls consist of J-inch iron 
plates for the divisions, and the top and bottom of two thick- 
nesses of plates, each 12 feet long, 2 ft. 4 in. broad, and 4-inch 
thick in the. centre, and J-inch thick at the ends, and so arranged 
as to break joint ; and a covering plate of 4 -inch iron, 3 feet long, 
is placed oyer every joint on the underside of the tube. The 
external casing is united to the top and bottom cells by angle-iron, 
od both the inside and outside of the tube, as shown in fig. 6. 

The ends of the tube, where it rests on the masonry, are 
strengthened by cast-iron frames d \ to the extent of 8 feet of the 
lower cells ; 6 cast-iron transverse X-shaped girders e, on the floor; 
6 similar girders K above ; and upright cast-iron stanchions g 9 on 
each side of the tube, to which are bolted the ends of the girders, 
top and bottom, and also the cross lif ting girders A, 
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In order to allow of the free expansion and contraction of the 
tube, the ends rest on 24 pairs of iron rollers t, connected together 
by a wrought-iron frame, and placed between two cast-iron plates 
j, k , 12 feet long by 6 feet wide, and 4 inches thick. The lower 
plate is laid on a flooring of ' 3-inch planks /, bedded on the stone- 
work ; and the tube is also suspended to 6 cast-iron beams m, the 
ends resting on longitudinal bearers n, 12 feet long, with a circular 
groove on the underside, supported by 12 gun-metal balls o , 

6 inches diameter, standing upon an iron bed p , and supported on 
the ends of the cast-iron bearers q. The tubes are suspended to 
the beam m, by wrought-iron bolts r, and spade-pieces rivetted on 
to the sides of the tube, as shown in figs. 5 and 6. 

The lifting apparatus for raising this enormous weight was en- 
trusted by Air. Stephenson, to Messrs. Easton and Amos, engineeis 
of the Grove, Southwark, to whom great credit is due for the very 
successful manner the tube was lifted. The machinery consisted of 

2 steam-engines, erected in the recesses B, of the corresponding 
tube, one on each side of the river ; and each engine has a horizon- 
tal cylinder, 17 inches diameter, and 16 inches stroke, with piston- 
rods working through stuffing-boxes at each end of the cylinder ; 
each piston-rod has a cross -head, and gives motion by side-rods 
and cranks to two fly-wheels ; and the ends of the two piston-rods 
work 2 forcing-pumps with plungers, 1,^ inch diameter, and 
16 inches stroke. These pumps inject the water into the hydraulic 
press C, shown in the engraving, through the small tube (3). 

The press was erected on a stage constructed above the level of 
the tojf of the tube, and consisted of two cross-girders of cast- 
iron, each in two heights D, D', the lower one 4 feet high, and the 
upper one 2 ft. 6 in. high ; the ends resting upon cast-iron bearers E, 
imbedded in the masonry of the piers. Upon the cross-girders 
was fixed the casing F, of the ram, which is 5 ft. 2 in. long, by 

3 ft. 9 in. wide, cast with ribs ; and on the top of the cylinder are 
fixed 2 vertical guide-rods G, G, 6 inches diameter, passing 
upwards through the cross-head of the ram, and a cast-iron girder 
H, nearly at the top of the tower, and 18 feet above the girders D'. 

The press consists of a cylinder (1), firmly fixed in the casing, 
374 inches diameter externally, and 20 inches internally; and 
the ram (2) 18§ inches diameter, with a vacuity nearly J of an inch 
all round, to receive the water injected from the pumps already 
described, through the tube (3), the orifice of which is | of an inch 
diameter ; this tube is furnished with a lever-valve close to the 
cylinder, for safety, in case the pipes should burst. In the event of 
such a casualty, by an ingenious contrivance the lever-valve would 
be instantly closed, and the weight supported by the water in the 
cylinder. On the top of the ram is a cross-head (4), of solid cast- 
iron, 9 ft. lOin. long, 1 ft. 10 in. deep, and 2 ft. 4 in. thick, with 
two apertures, 2 ft. 1 in. long, by 1 ft. 14 in. wide, through *hich 
the lifting chains pass ; and on the top of this cross-head are 
fixed two clipping vices or clams (5, 5,) each consisting of a pair of 
wrought-iron jaws, 3 feet long, 11 inches deep, and 6 inches thick, 
and a winch which turns a small pinion (6), that takes into two 
cog-wheels (7, 7') fixed upon the heads of two horizontal screws 
(8, 8' left and right handed) passing through nuts in the two jaws 
of the clams. Thus it will be perceived, that as the winch is turned, 
the jaws are made to open or close, for the purpose of clipping the 
heads of the lifting chains ; below these clams are two others (9 9'), 
for clipping the heads of the lower links. 

The two lifting: chains consist of wrought-iron flat bars, in 
lengths of 6 feet from centre of bolt-eye to centre, and each bar is 

7 inches wide and 1 1 1*, and 14 inch thick, with heads having 
shoulders fitted to the jaws of the clams. Each chain contained 
nine links of 8 and 9 bars alternately, besides the two lower links, 
each consisting of 5 and 4 bars. Tne heads of the first or upper 
links passed through the upper lifting dams, fixed on the top of 
the cross-head of the ram, and there secured by the jaws of the 
clams being screwed up taut ; the second links passed through the 
lower clam, the jaws of which were left open, and the heads of 
the two lower links were made to abut against the underside of the 
lifting girders, g, h. When the pumps were set to work, the ram 
was lifted 6 feet, its full range ; when it had attained this elevation 
the jaws of the lower clams (9, 9'), were screwed up close and clipped 
the heads of the third links (11), and there held the chain firm; the 
jaws of the upper clams were then opened, and the ram lowered 
down to its original position, when the bars of the top links (10)were 
removed. When this had been done, the jaws of the upper clams 
(5, 5') were again brought under the heads of the second links, and 
screwed up taut, so as firmly to clip the shoulders of the links, the 
jaws of the lower vice (9, 9') opened, and the ram was then set in 
motion to lift the tube another six feet, when the second links 
were removed as before described, and the operation repeated as 
above, until the tube had been lifted the height required, about 22 
feet to 24 feet. 
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The power of the presses may be thus calculated : the area of the 
ram being equal to 337*64 circular inches, and the force acting 
upon the plunger equal to 2*14 tons per circular inch, the two 
being multiplied together give 722£ tons, which is the force of one 
of the presses, and of the two presses 1445 tons. The actual weight 
lifted was estimated at 1,300 tons. The quantity of water used 
for each press is about 66 gallons. 

The tube was constructed on a platform erected on the shore of 
the river, close to where it was to cross ; and when finished, six 
pontoons, something similar to the large coal lighters on the river 
Thames, were placed under the tube at low water, and which at 
high water lifted the tube off the piles upon which the stage was 
erected. It was then floated to its destination, and placed between 
the two towers, part of the masonry being left undone until the 
tube was put into its proper position, and as it was raised the 
masonry was built up under the tube. The time occupied in raising 
the tube and building up the masonry occupied four days; the 
actual space lifted per hour was 13 feet. 


CANDIDUS’S NOTE-BOOK, 
FASCICULUS LXXXII. 

•* I matt have liberty * 

Withal, as large a charter a< the winds. 

To blow on whom I please." 

I. Surely there must be something wrong somewhere, when, not- 
withstanding all the numerous appliances and aids which Architec- 
tural study can now boast of, Architecture itself seems to have come 
to a dead stand. In the inability to get a step forwards, a merit 
is made of what an Irishman would call advancing backwards. To 
say nothing of the Institute, we have besides that a Royal Academy, 
which professes to extend its fostering protection to Architecture ; 
also Architectural Societies, Decorative Art Societies, Schools of 
Design, and lastly, though not least, Professors of Architecture ; — 

et what is the art the better for them all ? Can it do more than 
ash up again and again the cold remains of the banquets which it 
used to serve up in by-gone ages ? If that “ more” be not possible, 
there is little cause for us to vapour at the rate we do about Archi- 
tecture as one of the Fine Arts. Either it has now lost, or is no 
longer permitted to exercise, the powers — to maintain the privi- 
leges of one. After studying all extant styles of the art, we are 
reduced to the mortifying conclusion, that we can do nothing what- 
ever with any of them beyond copying, being ourselves wholly un- 
able to catch and preserve the artistic spirit that pervades the 
best and most characteristic examples of the styles which we pro- 
pose to ourselves as models. By dint of pains-taking industry, we 
can follow them tolerably well as far as they go ; but where they 
stop short of what our actual purposes demand, we stop short too, 
and break down ; and not only do they not go far enough for our 
present requirements, but they sometimes lead us astray, forcing 
more or less upon us that which is adopted merely because it is signi- 
ficant of the style, although at the very same time much that is 
incompatible with the style is tolerated on the score of necessity ; 
so that, after all, it is generally suffered to he seen that there has 
been conflict between style and purpose. Without such thorough 
mastery over a style as can bend it, and render it quite plastic and 
tractable, it is hardly possible to produce more than either direct 
copies or former examples, or a sort of decent patchwork com- 
posed out of them. As one of the Fine Arts, Architecture might 
now very properly take for its motto, Fui : — “ I was one once, but 
am so no longer.” 

II. It would not be amiss were some term introduced to distin- 
guish those whom we now call Architects, from Builders, or else 
to distinguish the Artist or Fine-Art Architect from him whose 
practice and abilities do not extend beyond estimates, specifications, 
the preparing working-drawings, and the superintending the exe- 
cution of buildings. Why not have the term house-architect, as 
well as house-painter, understanding by it those who make no 
pretensions, or whose works do not qualify them to make any to 
the more ambitious name of Architect in the sense of artist. At 
present, all who come under the somewhat vague denomination of 
Architects, assume to themselves the rank of artists — followers of 
what is by common assent and the laxity of language admitted to 
be a Fine Art. No doubt, such appellation (that of artist) is flat- 
tering enough ; but then it carries with it a corresponding degree 
of responsibility. If it can be adequately supported, it is one of 
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honour ; if not, it beoomes one of reproach and disgrace. In not 
being an artist there is no demerit ; but the pretending to pass for, 
or at least rank as such, without possessing the least artistic talent, 
is surely not very many removes from quackery. If there can be no 
higher title than that of Architect for those — and they do not seem 
to be many — who follow their profession in the spirit of artists, a 
more modest designation would better become the majority, and 
would relieve them from the sneers and reproaches to which they 
now expose themselves. 

III. The idea of erecting single colossal columns as monuments 
and architectural objects, was, no doubt, borrowed by the Romans 
from Egyptian obelisks. Inasmuch as they are both lofty, upright 
objects, exceedingly well calculated to show at a considerable dis- 
tance, the column and obelisk agree ; but they also differ quite as 
much, and the difference is decidedly in favour of Egytian taste. 
Whereas the obelisk is evidently a monument — a pillar erected to 
record some fact or facts, or dignify some locality, and is everyway 
fitted by its shape to stand as an insulated, independent monolith, 
the column plainly expresses itself to be a component member of a 
fabric ; therefore taken by itself alone, meaningless, — in the condi- 
tion of a verb without a noun, or a noun without a verb. Not 
only does the column suggest the idea of a superincumbent archi- 
trave, for supporting which it is intended,— but detached from it, 
acquires a topheavy and unstable look, tne very reverse of that 
attending the pyramidion in which the obelisk is made to terminate, 
and which produces an obtuse apex, instead of the whole being 
prolonged to a sharp point, like a spire. Except its general pro- 
portions as to height, there is nothing that recommends a column 
for officiating in lieu of an obelisk. The so employing it manifests 
very great poverty of invention and barrenness of ideas, — the 
inability to devise new and more appropriate forms for new pur- 
poses. What is characteristic in the column, considered as an 
architectural member, destined to support either a horizontal enta- 
blature or an arch springing from its capital, ceases to have pro- 
priety or meaning in a pillar erected merely as either an ornamental 
object or a votive monument. Such monument may still be a 
pillar, but it should be one expressly adapted to its peculiar pur- 
pose ; therefore, the less it resembles any of the so-called “ orders,” 
the better. In this respect, the Rostral column possesses a decided 
advantage : it shows itseli most plainly to be neither more nor 
less than a trophy pillar. A column of that kind does not look like 
a fragment of a building. In a building, such form for the columns 
would be preposterous. To employ Architectural columns as de- 
tached monumental pillars, savours of pedantic and puerile conceit, 
akin to that which during the Elizabethan period fashioned 
chimney shafts into columns, designed, more orthodoxly than taste- 
fully, according to some one of the “ regular” orders. 

IV. It is very possible for a man to have too much scholarship, — 
or to have it, ii not too abundantly, too exclusively ; so mucn of 
it, that he has no room in his head for any ideas of his own, nor 
any time for exercising his thinking faculties. In Architecture, 
scholarship is far more likely to prove injurious than at all pro- 
fitable. While with the ignorant it may pass for deep study, it 
seldom amounts to more than idle display of learned frivolity ; 
and is so far from really being study — that is, study to any pur- 
pose — that it is rather apt to check the latter, to become the substi- 
tute for it, and sometimes to lead astray into fancies as chimerical as 
they are extravagant. Infinitely better would it have been for 
Wilkins, if, instead of labouring to convince us that the Temple 
of Solomon was a building of the Grecian-Doric order, he had 
applied himself to more diligent and real artistic study at his own 
drawing-board. Pity that Solomon s temple, the tower of Babel, 
and the Parthenon too, including a good many other things 
besides, cannot be left at rest — or left to those who are more am- 
bitious of displaying their pedantical erudition, than of contribut- 
ing to, or in any way promoting artistic study — the venr 6tudy of all 
others in which we are most grossly deficient. Did we find that arch- 
aeological knowledge tends to enlarge the judgment, and to fertilise 
both talent and taste, it would deserve to be encouraged ; it seems, 
however, to have quite a contrary effect, — to contract instead of 
at all expanding. Hence is it that copyism, which should be our 
shame, is made our pride ; and much as we vapour about art — mere 
empty vapouring after all — we show that we have no longer any 
faith in it, but take it to be now actually paralyzed, and incapable 
of doing aught further than it already has done. To revert to a 
former style, for the purpose of gradually moulding it into one 
that shall be fai more suitable to our present occasions and wants 
than the original one is, would be allowable enough. But no : 
that must not be done, — such mode of proceeding would be ac- 
counted downright heresy. It would be tantamount to admitting, 
that, excellent as former styles were for the times which produced 
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them, they require considerable modification in order to render 
them, or any one of them, generally applicable at the present day. 
After all, it may be questioned whether what looks so much like 
praiseworthy reserve, and scrupulous adherence to authentic 
models, does not proceed from motives that are not the most 
laudable. Merely to copy, saves such an infinity of study, thought, 
and trouble, as to render the copying system, in what calls itself a 
Fine Art, less of a mystery than it else would be. Architects — and 
I say it in sorrow — are not artists, except, perhaps, just here and 
there one exceptionally. The majority of the profession have 
nothing whatever of the feeling or spirit of artists in them. It is 
said that it takes nine tailors to make a man ; I am sure it takes 
ninety-nine Architects to make an artist ; for, as matters go, if 
we get one out of a hundred who answers to the latter character, 
we ought to be grateful. It will be said, perhaps, that the oppor- 
tunities for showing artistic and original talent are so exceedingly 
few, that we ought not to judge of the ability in posse by the little 
ability which manifests itself in esse . Opportunities do occur, 
nevertheless, and what is the use we make of them ? Why, to 

? irate, in the most unblushing manner, designs from Sansovino ! 
t is true, Count IXOrsay makes a merit of such doings : what 
then ? — he merely shows himself a priggish coxcomb, ms count- 
ship's opinion may be very good authority for the cut of a coat, or 
other question in tailoring, but in Architecture not worth a straw ; 
although it had, it seems, overbearing weight with the “ Armoury 
and Knavery Club." 

V. Beloved, but most unhappy Architecture, how art thou beset! 
—by the merest apes on one side, and the merest parrots on the 
other — creatures who merely repeat by rote what they have either 
heard from others, or got out of books, without bringing so much 
as a single idea of their own to incorporate itself with, or work 
upon it. So long as we merely listen to them in silence, they go on 
fluently and volubly enough. But once begin to cross-question them, 
and it is all up with them. Nothing then is left for them but to 
express astonishment at the ignorance which cannot perceive, or 
the impudence which presumes to throw doubt upon excellence 
that has all along been universally admitted. Anything like satis- 
factory reasons or intelligent reasoning, is not to be expected from 
people whose admiration is founded upon mere prejudice — upon 
authority, tradition, and conventionalism. Their criticism consists 
of nothing better than mere cant and parrot-like rote ; and their 
dogmatism is in proportion to their shallowness. The most inno- 
cently-put why disturbs them, — upsets their criticism and their 
temper too. Albeit, anything but poetical themselves, they firmly 
maintain with the poet, that “ W hatever w, is right ;•*— in other 
words, everything is excellent for which due authority can be pro- 
duced. And would they but be content to stop there, a good deal 
might be said in their excuse. Instead of tnat, however, they 
insist upon our believing that whatever is not — i. e. has not been 
done before, consequently derives no support from direct precedent 
for it, but must stand upon its own merits, — must of necessity be 
wrong , even though it should evidently be warranted both by 
analogy and common-sense. After all, there is a particle or two 
of shrewdness in the narrow-minded dulness of such persons : 
they have just discernment enough to be aware that they them- 
selves depend entirely upon precedent, rote, and routine ; and that 
by insisting upon others abiding by them likewise, they bring them 
down and keep them down to the level of their own intellect. 


ARCHITECTURE AT THE ROYAL ACADEMY ; 

AND THE ARCHITECTURAL DRAWINGS AT THE EXHIBITION. 

Most cheering and encouraging symptoms manifest themselves 
this year in the Architectural Room, — tnat is, supposing there be 
truth in the saying, that when things come to the worst they are 
sure to mend, for to that comfortable stage of pessimity are matters 
now come. Never was there before, within our recollection, so 
miserably poor an architectural u spread" at the Academy — such a 
beggarly and ill-arranged set-out. Even before we begin to look 
round, we perceive that one interesting class of architectural sub- 
jects are altogether missing. Either no architectural models were 
sent, or they were turned away ; and incomprehensible as the last 
may be thought, it is quite as probable as the other case — at least 
to ourselves, because we happen to have seen some of the rejected 
designs,— designs, too, by those who have been exhibitors for several 
years past, and whose productions have usually obtained deserved 
commendation, both from ourselves and others. Their productions 
are now missing from the walls, and their names from the cata- 


logue, which contains very few names indeed of any note in the 
architectural world ; and what few there are, are not by any means 
pluralist exhibitors, they having contented themselves with sending 
no more than what just entitles them to an exhibitors ticket. 
Possibly, however, we are here in error, and do them injustice, for 
though only one subject of theirs is to be found here, several 
may have been turned away : in fact, we know this to have been 
the case in one instance, and in that instance the drawing admitted 
is precisely the one which its author cared least of all about. 

Knowing as much as we do, we cannot help suspecting that a 

g reat many more ugly revelations might be made, and a good deal 
rought to light that would accuse the Academy of most prepos- 
terous mismanagement in this department of its exhibitions, if of 
nothing worse. That architecture is there most unwelcome, there 
can be no doubt. That has been growing more and more evident 
for several years past. And to the chilling coldness with which it 
is regarded and treated by the general body of Academicians, may 
perhaps be attributed the forbearance of their architectural brethren, 
and tne discountenancing, as far as in them lies, the practice of 
exhibiting architectural drawings at all. In the days of Sir John 
Soane, it used to be the custom for the Academy's Professor of 
Architecture — at least he made it such — not only to contribute, 
but to contribute each season, and to contribute abundantly. The 
present Professor, on the contrary, chooses to put himself upon the 
shelf, where he lies wedged in between Colonna, Vitruvius, and a 
good many other very mouldy and musty matters, — and wedged 
there so fast, that it seems he cannot get down for a moment to 
look at and protest against the outrageous doings in the architec- 
tural room.* Most enviable state of repose ! it saves him from 
being horrified. Mr. Barry has of course other and far better 
“ fish to fry.” Sir Robert Smirk e has been all along a nonentity 
in the Academy — save that he is its treasurer, and keeps a keen 
eye upon its u shillings ." We should just as soon expect to find a 
design by one of the porters as by him. Mr. Hardwick and the 
new associate, Mr. Sydney Smirke, are the only architects con- 
nected with the Academy who condescend to let us see anything 
of theirs in the Exhibition. 

Such being the case, we can forgive the editor of the Art-Union 
for so strongly objecting, as he lately did, to architects being 
elected into the Academy. Unless they enter it with the inten- 
tion and full determination of really representing tlieir own art 
there, — of upholding and promoting its interests, the “ RLA." 
so acquired becomes more of a reproach to them than an honour. 
They only take upon themselves the ungenerous and odious part of 
the dog-in-the-manger ; doing nothing themselves for either the 
Academy or for architecture, and excluding from the former those 
who deserve to be in it, because they would prove active and effi- 
cient members. There being so few architect- Academicians, is the 
very strongest reason possible why those few should exert them- 
selves manfully, instead of sitting by most tamely, while architec- 
ture is all but actually kicked out. For it to be kicked out alto- 
gether would perhaps be less ignominious than to be treated as it 
is at present. Probably, next year the architectural drawings will 
be thrust aside into the Octagon-room — a hole, never intended, we 
presume, by Wilkins to form one of the exhibition roomsj — for 
this season most terrible inroad has been made by the painters 
upon the space hitherto allotted to such subjects, and to which 
they might be supposed to have acquired prescriptive right. The 
whole of the east-end of the room is now given up to oil-paintings, 
—not that we should at all complain of that, provided they were 
strictly architectural in subject, instead of being the refuse of the 
works of their kind in the Exhibition, with such charmingly namby- 
pamby titles as “ The Pet," “ Affection's First Offering," and others 
of the same “ missy " and lack-a-daisical stamp. Had no architect- 
Academician courage to protest against such an invasion of the 
architectural territory on the walls ? Was there not in the whole 
Academical conclave one single Abdiel 

Faithful found 

Among the faithletf. faithful only he 
Among the innumerable false, unmoved* 

Unshaken, unseduced, un terrified, 

His loyalty kept, his love, his zeal”? 

That there was not even one such seems, for had such one there 
been, either his remonstrances would have had due effect, or he 
himself would have withdrawn, and renouncing the brummagem 
honour of R.A., would have escaped the ignominy of being con- 
founded with the faithless, — for as matters stand, the being an 

* Wilkins, during his professorship at the Academy, exhibited only two small draw- 
ings, and those showed us his wry worst work of all— Downing College, Cambridge. Tha 
present Professor has shown at least more discretion, for Instead of exposing to criticism 
any architectural design of his own, he exhibited first what was only a medley conglo- 
meration of Sir C. Wren's buildings j and next and lastly, merely a sculptural compoei- 
tiou for a pediment In a building erected by another architect. 
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architect and Royal Academician is very much like being a traitor. 
Nor is it to such alone that it is reproach that they should have 
allowed architecture to . be reduced to the degrading position in 
which it is now at the only Exhibition open to it at all, for it very 
strongly reproaches the Institute of British Architects also, who, 
instead of contributing to the architectural department of the Ex- 
hibition, and of coming to its rescue in the hour of its imminent 
peril, content themselves with standing aloof in sulky dignity. 
That those who act the part of cyphers in the Institute, should not 
show themselves elsewhere to be other than cyphers, is not much 
matter for wonder, — perhaps even less for regret. But its stars — 
the luminaries who shine so brightly in Grosvenor-street, — can it 
be that their talent quite exhausts itself in talking, and evaporates 
ere it can give any manifestation of itself in Trafalgar-square ? 
Half the business of the Institute seems to consist in voting thanks 
to, and complimenting each other ; which, for any good that the 
rest of it does, may pass for the better half of it. In the mean- 
while, both the Institute and the Academy seem alike to shut their 
eyes to some of the consequences of their innocent indolence. 
Although they are not, it would seem, directly responsible to any 
one for their doings nr non-doings, — for their sins of commission 
or of omission, — it behoves them to pay some little respect to 
public opinion, — and to preserve if possible, decency of appear- 
ances. After long hovering upon the verge of it, the Academy 
has at last overstepped that line of discretion and safety. It has 
this season put the “last feather” upon the camel's back. The 
time for remonstrance has passed away, since remonstrance has 
been tried, and has proved fruitless, or worse than fruitless. What 
has hitherto been remonstrance, and perhaps unpalatably severe 
admonition, will now become unsparing objurgation. Unless the 
architects of this country be the meanest-spirited creatures con- 
ceivable, they will now break out into open rebellion against the 
Academy, and then, when proximus ardet Vcelagon^ will the Insti- 
tute be able to escape unsinged ? There is, indeed, what it might 
make use of as a “ fire-escape ;” yet whether it has sagacity enough 
ever to avail itself of such means is to us very doubtful. The pro- 
bability is, that it will prefer the fate of a martyr — prefer being 
roasted alive, to making the least effort that would break the spell 
of its present vis inertias. Let us hope then that, come what may, 
its charter is written upon asbestos. At least, let that Palladium 
be saved, if only to be deposited in tbe British Museum, where it 
may in time come to be looked upon with — veneration. 

Those who imagine that we are now writing in mere reckless gaiete 
de c&ur, are exceedingly mistaken. It is with feelings of sorrow, 
mingled with shame and indignation, that we pen what is likely 
enough to be set down for mere flippancy ; — with sorrow for the 
contumely cast upon the art we love, — with shame for those who 
are themselves shameless — with indignation against those Judas- 
like friends of architecture, who betray it with their kisses. Good, 
easy creatures !— do they suppose that they are unnoted and un- 
marked by other eyes, merely because they choose to shut their 
own? To the public, all may seem calm,— and a desperately dead 
calm it is ; but a speck has been seen in the sky, that announces 
a gathering tempest. What will come of it, should anything come 
of it at all, will be felt in due time ; and then, .perhaps, “ Sauve qui 
peut ” will be the cry. Of that, however, no more at present. 

Th$re are, as we have already said, no productions at the 
Academy this season, of that class which ought to make not the 
least figure of all in the Architectural Room — namely, models of 
buildings ; although there is still admitted there the usual number 
of works that would be far more appropriately treated, either in the 
Miniature or the Sculpture Room. For aught we know, architec- 
tural models may have been offered and turned away. All we know 
is, that things there ure of the kind — and very interesting things of 
the kind — which neither are nor ever have been exhibited. Re- 
gret, however, is greatly mitigated, and surprise almost entirely 
dissipated, when we call to mind the ungracious churlishness with 
which— judging from the awkward, huddled-up manner in which 
they are generally arranged, — models seem to have been admitted. 
Such exceedingly glaring mismanagement is visible at the first 
glance, that we cannot help imputing it to intention, and to the 
policy which worketh by cunning and stratagem. Hardly can we 
give the hangers credit for so much blundering stupidity as now 
shows itself more stronger than ever. Policy there must be in it, 
and its intention seems to be nothing less than gradually to work 
the expulsion of architecture from the Academy, at least from the 
exhibitions, by disgusting architects, and so deterring them from 
Binding at all — which is all but completely effected already, — and 
by rendering the show of architectural drawings as unsatisfactory 
a id uninteresting as possible, till they come to be looked upon by 
t<ie public as mere fidling-up^rubbish, that has no right to be there. 


Nor is it the “ hanging” alone which is to be complained of, 
similar perverseness in selecting and admitting subjects. There 
are a great many things which, although architectural in subject, 
do not belong to the Architectural Room, inasmuch as they are not 
fresh designs , nor are the ideas they show those of their respective 
exhibitors. They are merely views and portraits of buildings, and 
for the most part of such as are already quite familiar to every 
architectural student. We do not go into that room to look at 
frames containing such stale matters as the Parthenon and other 
ragged ruins, whether Greek, Roman, or English ; or at such rari- 
ties as our own City churches. If views or other copies are admis- 
sible at all, they ought at least to be confined to such -as repre- 
sent unedited subjects, — which, were they sought, might be found 
in abundance : were there no other, one there is which has never 
been touched by the pencil — viz., the colonnades in the court-yard 
of Burlington House. Or if enow of subjects are not to be 
found here at home, they are to be got at without going quite so 
far as Athens and Egypt, for they present themselves at Paris, 
Munich, Berlin, — almost at every step on the continent. Without 
going so far as to prohibit them altogether, there ought to be some 
sort of restriction with regard to what are merely topographical 
and architectural views. Some judgment might surely be exercised 
in determining their admissibility* Superior talent shown in 
execution might fairly enough be allowed to be passport for what 
possessed no great novelty of subject ; but to find so many things 
as we do, that possess no redeeming qualities that might excuse the 
staleness or insipidity of their subjects — and some of them occu 
pying far better places than original designs, — is not a little pro- 
voking. 

That such evident mismanagement as declares itself in the Ar- 
chitectural Room, should be persisted in season after season, with 
a growing tendency to worse instead of at all to better, is to us 
nothing short of marvellous. The Academy — its architect-mem- 
bers included — seem not only to be utterly indifferent themselves to 
the architectural part of their exhibitions, but also to imagine that 
every one else is equally indifferent. Yet, surely complaints 
must from time to time have reached their ears. Their being dis- 
regarded is, perhaps, to be attributed to their having been uttered 
in too mild a tone ; and if so, they ought now to be thundered 
forth so loudly, that the Academy cannot possibly pretend not to 
hear them,— and hearing them, cannot but pay some sort of decent 
attention to them. 

After this unusually long proem — querulous also, we admit, 
though not without ample reason, and perhaps more energetic 
than polite in tone, — we proceed to say something of the few draw- 
ings of any mark in the present Exhibition. The hangers have 
taken care that we shall not gratify our curiosity by the very first 
subject whose title excites it — viz. (No. 1095), “Design for 
embellishing the new Coffee-room at the Carlton Clubhouse, 
carried out in Encaustic Colours,” F, Sang, For aught that 
can be discerned of the encaustic embellishments, this drawing 
might nearly as well have been hung with its face to the wall, or 
at least turned topsy-turvy, as be placed where it is — immediately 
next to the ceiling. We remember being much gratified by three 
drawings of the hall, &c., of the Conservative Club-house, ex- 
hibited a season or two ago by the same artist; and which, for a 
wonder, were placed where they could be inspected. The drawing 
now exhibited , — exhibited at least in the catalogue, though put out 
of sight in the room, — is no doubt equally interesting. Not at all 
unreasonable is it to suppose that it shows improvement, rather 
than any falling-off, on the part of Mr. Sang. Subjects of that 
class are not so very numerous, that we can afford to be cheated 
out of the opportunity of examining them. Possibly, Mr. Sang 
himself may feel consoled by the honour of being an exhibitor ; 
and by getting his ticket of admission — all that many 4 »f the ex- 
hibitors seem to care for; but we have nothing to console us for 
the provoking disappointment to which we have been subjected. 

The next — (No. 1096b “ Prize design for the proposed Army and 
Navy Club-house in Pall-Mall,” G, Tattersall , — occupies a similarly 
lofty, though certainly not conspicuous station. Having seen it 
before, at the exhibition of the competition designs for that Club- 
house, we do not at all regret that it is placed where we cannot 
see it again; but we think that Mr. Tattersall himself must be 
anything but well pleased with the hangers for putting his “ Prize 
Design’ so far out of sight, and his other somewhat queerish de- 
sign for the same building (No. 1229), in a much better situation, 
— we do not say the most advantageous one for it. As we ex- 
pected, there are many other designs for the same Club-house, in- 
cluding the adopted one (No. 1187), by Messrs. Parnell and Smith. 
This was known to us before, a copy from the same drawing hav- 
ing been given in a contemporary publication, wherefore we would. 
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rather have found here something that would have enabled us to 
judge of the interior. By not doing so. we perhaps miss very little, 
for, from what has been said of it, the plan appears to be excessively 
common-place. There are about half- a-aozen other designs for 
the same Club-house; therefore, instead of being scattered about on 
the walls, and some of them put where they are scarcely visible, it 
would have been better to have collected tnem into a group. We 
should have preferred seeing here the respective sections, for 
those drawings were not exhibited at Lichfield House, although 
some of the plans convinced us that the sections belonging to them 
must have been more than usually interesting. Sections, however, 
are not at all in favour with the Academy ; — are things by far too 
prosaic to be admitted into their Architectural Room, lsometri- 
cal perspectives of prisons are in their opinion more artistic draw- 
ings and dignified subjects than sections of even palatial club- 
houses. Such doggrel mode of drawing as isometrical perspective 
tolerated on the walls of a Royal Academy ! 

Designs for Railway Stations are quite as numerous, perhaps 
even more numerous, than those for the Club-house ; and they may 
be allowed to show a good deal of variety, with a good deal of 
sameness, — variety, inasmuch as they conform to no generic cha- 
racter, but assume all sorts of masquerade, from the costume of 
almshouses to that of aristocratic mansions ; — and sameness, inas- 
much as they nearly all affect to look prodigiously u olden-time-ish” 
—a very great propriety, no doubt, when we consider how many 
centuries ago it is since railways were first established. A herald 
would trace them back to the Conquest, at least, and make out 
that they came over with the Normans. Sameness, too, there is with 
respect to paucity of ideas, and poverty of invention. If we con- 
sider them merely as drawings, showing imitations of the respective 
styles and classes of buildings, some there are well enough en- 
titled to approbation, but hardly so as designs for a specific and 
wholly un-precedented purpose, and accordingly demanding to be 
invested with some sort or specific character. 

( To be continued.) 


ON ARCHITECTURE AND PAINTING, 

'ESPECIALLY IN RELATION TO THE ERECTION OF PROTESTANT CHURCHES. 

Letters written from Italy, by W. M. L. De Wette, D.D., Professor 

at Basle . — [Abridged from the German.] 

If one, who like myself, is merely an amateuT of art, and quite 
a stranger to technicism, — ventures to lay down principles and 
give advice, he may be sure of encountering the prejudices of 
artists and critics by profession. If he, moreover, steps forth, with 
a certain independence of judgment, on an area where tradition and 
custom sway all minds — fearless of touching at some of the ex- 
isting prejudices, his giving offence is unavoidable. Still, I shall 
make the venture, and my ignorance of technicism deters me the 
less, as I have found that technicists veryoften mistake the true scope 
of art, on account of their predilection for that sort of mastership— 
a prejudice, from which I, at least, am free. I may possibly be 
taunted with other prejudices and' with one-sidedness ; still, I 
hope to give some useful hints. 

I begin with a few remarks on painting ; and, without wishing 
to enter into a definition of what it is, or ought to be, it is certain 
that its destination is to convey representations and feelings to 
the mind. But all representations, be they what they may — either 
intuitions of the senses, or images of the fancy, or conceptions 
of the reason, or ideas of the mind,— consist of two elements ; one 
suggested by experience, and another appertaining to the activity 
of the mind : one real-sensual, and one real -spiritual and primordial. 
In the intuition of senses, the first element preponderates so much, 
that we may be tempted to consider it the only one ; but the more 
accurate observer will soon perceive that the mind has also its 
share in it. It is it, which impresses form to the matter of the 
senses — receiving that which it has viewed, within the pale of his 
other observations, and converting it into an intuition. The pro- 
ducts of imagination may appear to a superficial observer as some- 
thing produced by the mind, but the substance of it appertains 
entirely to the experience of senses ; imagination having merely 
decomposed it, and combined it in another shape and way. Even 
the ideas of the mind (be it in art or otherwise) are no absolute 
produce of our thinking faculties ; being merely deduced from 
experience. 

Undoubtedly, the arts 'have risen from the imitation of nature, 
from the representation wf -the really existing — and even their 
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present process and progress are the same. Thus, while conced- 
ing, that in any art-object so much of the real be existing, we may 
be induced to doubt how far ideality may enter therein at all. But 
if we take the difference between a picture and a daguerreotype, 
the case will become perfectly clear. In the former, that which 
occurs to the external eye piecemeal, must be seised by the mind 
and intellect as a whole — and put forward as a self-existing, inde- 
pendent object. For the first, besides nature, models, antiques, 
anatomy, &c.. are used, all which will yield materials on which the 
artist can and may dwell ; but imagination will supplant many of 
these helps, as we see in Raffaelle, who, after having devoted 
nearly his whole talent to painting, became the computer of the 
finest modern edifice in the world ; we mean the dome of St. Peter 
— which will lead us to a more detailed inquiry on the art of the 
builder. 

Architecture may be called the most difficult of arts, as it is a 
fact that its products have experienced the most opposite and most 
severe criticism. The reason tor this might be found in architecture 
being not sufficiently free — being, as no other branch of art, tied up 
to a certain scope-; and only after this is accomplished, the de- 
mands of the beautiful may and can be attended to. On the 
other hand, the freedom accorded to the architect is something very 
vague, as he cannot follow any prototypes, but (as in music) has only 
to be guided by the internal measure of mathematical intuition, or 
the judgment of proportion and esthetics. This, however, can 
never afford such certain and stable rules as the other arts have 
deduced from the observation of nature, &c. Amongst the many 
styles of architecture are the Egyptian, the Greek, the Byzantine, 
the Moresque, and Gothic ; and in every one of them architectural 
beauty can be achieved. In this incertitude of legislation, if we 
may so call it, the chance of falling into the arbitrary, burlesque, 
or absurd, is greater than in most other arts. * 

The surest way is — to start in architecture from the scope given, 
a 8 the other fine arts start from observation of nature, which with 
all of them constitutes their store of reality ( Boden der RealiVit ), 
and by which, after all, the character of the architectural style is 
determined. Because it is easy to conceive, that, for instance, the 
Grecian temple and the medieval church are mostly shaped after 
the circumstances of climate and their respective scope and Usage. 
To choose a style, not adapted to our wants, is an imitation bare 
of character — which, however, is frequently to be met with now - 
a-days. A similar tendency of imitation and dangling with the 
antique and the foreign, and a want of originality, pervades much 
of modern art, but nowhere more than in architecture, where it 
seems that all trace of inventiveness has exploded; still, this cannot 
be the case, as our most modern times must have and have wants 
of their own. This, most assuredly, is the case with Protestant 
(evangelic) church architecture, to which the particular character 
of our worship prescribes especial rules, which, however, have not 
yet been attended to. If we refer the word u Churcli to the 
original Ecclesia — a congregation, the importance of the sermon 
becomes with us paramount ; far more so than it ever had been 
with the old (Papal) church. Taking the sermon as the chief 
feature of our worship — the scope and aim Of a Protestant chutchcan 
easily be explained. For the sake that the aim of a sermon' (like 
any other speech) be accomplished, the orator must not only be 
heard, but seen by all. This applies with equal force to the orator 
himself, as he requires to have all his hearers within the reach of 
his eye, to enter with them into a living contact , which some may 
call mesmeric. For this aim, the churches, as they have eome 
down to us from Catholicism, are not appropriate. In a Basilica or 
Gothic church, with one or two lateral naves and a choir, the 

A it cannot be conveniently placed, nor the orator heard ; which 
e reason, that in Italy a large cover or earpet is spread over the 
pulpit and main nave on festival occasions. The new spirit of 
Christianity could not re-model everything at once, and especially 
in the department of architecture : it adapted itself to the already 
existing. Roman Basilicas were converted into Christian churches, 
and retained by custom their mis-appropriate form. 

That which serves the purpose of the sermon is also in accord- 
ance with the spirit of a truly evangelic worship — which is, that 
the congregation be conscious of their communion and community 
during the time of divine service ; and for this aim, not only the 
preacher, but every one attending ought to see all, for the sake of 
arriving at the conviction that they are a community! But the 
life of community, which existed in such eminence amongst the first 
Christians, exploded gradually, as priesthood became paramount, 
until all idea of a congregation (community) degenerated into that 
of a complete priest-hierarchy. In Catholic churches, such things 
as congregations, properly speaking, never exist; but one 
portion attends to the mass, others pray at the several altar^ 
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others come to and fro ; and even the preacher has only a portion 
of the people around him. The priesthood, alone, form a compact, 
uniform body, which, however secludes itself in the choir, taken 
up with particular functions. In this part of Catholic churches, 
as well as in their whole structure, the want of community 
is apparent ; and if it had been as easy to erect new churches as to 
change a creed, Protestants ought never have used Catholic 
churches for their worship. Necessity, however, prevailed, and 
some of these older structures deserved preservation on account of 
their beauty. Still, it is a dereliction of duty, if new Protestant 
churches are built in the form of Basilicas or the old cross- shape. 

It is not our province to make any specific proposals for the erec- 
tion of Protestant churches ; still, it is the duty of our architects 
to search after, and to discover that form — provided all power of 
invention has not left our age ! So much we may say, that, ac- 
cording to our foregoing reasoning, this form ought to approach 
the circular or elliptic . The round form may possess some disad- 
vantages in an acoustic point of view, but we do not doubt that 
they can be overcome by study and research. 

While thearchitect attends to the scope of a building, he has, espe- 
cially in public buildings, also to take care of its character of beauty . 
All nations have imparted to their sacred edifices, beauty , character , 
and sublimity ; and Protestantism, if it comprehend the vocation 
of religion, cannot neglect the above requisites of sacred buildings. 
The aim of worship requires an adequate and worthy expansion of 
space. The sentiments of holy earnest, of pious peace and adora- 
tion, will receive much additional strength from a worthy and 
adorned locality. 

It has often been asked, i chat constitutes the beauty of an 
edifice ? Surely not the costly, glittering materials which Catho- 
licism has squandered on them in Italy, partly from heathenish 
spoils transferred there. Another — and we say a superior mind 
reflects from the Gothic churches of the north of Europe. The 
temples of Paestum, superior to all the ruins of Rome, are of 
travertine; which coarse material, however, is deified, as it were, by 
the exquisite form and proportion. It is form which constitutes 
beauty — which, after all, is but form perfect. Both appertain to 
the mind ; mind creates form, and then reflects, with ecstacy, on 
his own work — the laws of its own being brought to manifestation 
— beauty. 

Certainly, before an intuitive observation, the distinctions of 
material and form vanish. Certainly, marble is more pleasing to 
the eye than gritstone, on account of its finer component parts and 
colour, which both are forms. The architect cannot disdain the 
nobler material on this account, as well as for its greater plasticity 
and adaptation to elaborate workmanship. The custom to con- 
struct public, especially sacred, buildings of noble materials, and 
to adorn them costly and splendidly, is most ancient, and based on 
a true sentiment of our mind. Everything rests here on certain 
proportions and measures ; as also the connection between material 
and form obeys the same laws. Even a building, or parts thereof, the 
interior of a church or hall, may become heavy ana cumbersome by 
being overloaded with ornaments, on account of form being here 
obscured and borne down by material. The latter is the case 
with the Milan Domo, the outside of which is too rich in ornament, 
while the inside is grand and sublime. 

The beautiful in architecture can be divided into several radii 
which we shall attempt to enumerate, in accordance with the relation 
of their usefulness and adaptation. The latter may be raised to 
beauty, or even sublimity — if the size by far outstrips the bounds of 
absolute necessity. The scope of religious assemblages requires b ut 
a limited height of space ; but the tendency of art soars beyond 
that, and attempts to expand, conjointly with material space, our 
feelings and sentiments. Another way of achieving beauty is to 
employ greater means and aids than are absolutely necessary. The 
building may, for instance, require pillars for its support ; but art 
takes hold of this want, and increases their number to the greatest 
amount compatible with true proportion. Finally, the scantiness 
and stern simplicity of the straight line may be increased by lines 
arcuated and wavy. But to all tnis must be added something inex- 
pressible by mere words — which, however, may be best termed har- 
mony, concordance, and unity of conception. Size and height — 
fulness and diversity, the free scope of form, must all combine 
towarda unity ; and naught to appear as superfluous, isolated, or 
preponderant. By the observation and comparison of a number of 
buildings, and by abstracting laws therefrom, certain rules of pro- 
portion (numerical, geometric, and others) have been arrived at ; 
to which fanciless architects are accustomed to adhere slavishly. 
But the true laws of construction lie in the impression a building 
will produce, and which the real artist will know how to anticipate 


by some sort of internal art-intuitioh ; this inward conception pre- 
cedes all sketches on paper or parchment. 

Let us now endeavour to sketch that impression, which a 
Protestant (evangelic) house of God has to produce. The usual 
classification of the Greek, Roman, and Gothic may serve as a 
starting point. The Grecian temple is conspicuous for its mode- 
rate compass, and the rectilinear form of construction. It is alto- 
gether the type of the polytheistic mind of their builders, unable 
to seize the greatness of One-God. Still, it produces the effect of a 
clear, serene majesty ; and further, the Doric may be said to be more 
stern than the others. It seems to us the fundamental fault of 
Michael Angelo, and other architects, who have taken the antique 
for their prototype, to transfer the Grecian-Roman style into 
Christian churches. The Doric colonnade would have Deen, no 
doubt, the most adapted to Christian worship ; but. so far as we 
know, that style has been used but rarely ; substituting for it 
the more slender, serene— nay, lascivious Ionian and Corinthian 
orders, where, at times, colossal dimensions were introduced to 
palliate the inconvenience thus arising. But already the Byzan- 
tine or Romanic style of architecture had changed the Greek into 
one more appropriate to the Christian mind, by adopting greater 
height — thereby, expanding the column to gigantic proportions, 
and substituting the round arch for straight lines. For the exter- 
nal ornament of churches, or even the upper parts of their inte- 
rior. this style used thin, short columns with arches, over which a 
profusion or sculptural and mosaic ornament is spread. The too 
stern character of the ensemble is thereby modified, and amenity 
added to sublimity: just the same as the worship of the true 
Christian is tempered by mildness and love. 

Gothic church architecture has, however, achieved the greatest 
sublimity of religious sentiment, by its pointed vaults ; but here, 
also, a richness of ornamentation unites the serene and lovely 
Peculiar to this style of architecture, is the mysterious and awe- 
inspiring, which arises partly in the structural proportions and 
forms, and partly in the painted windows, spreading a mystic 
chiaroscuro over the whole expanse of space. If we assume, in 
fine, that Protestantism has developed faith and adoration to its 
greatest height and freedom, there can be no doubt that the 
character of sublimity, — viz., the pointed arch style, has to be 
chiefly adopted. It can hardly be doubted, that the adaptation of 
this style will permit the carrying out the above-stated requisites 
of Protestant worship, consequent on its very essence and mind — 
yet, we acknowledge that a sacred edifice thus constructed will be 
much different from a Gothic cathedral. It may be thought, that 
the character of the structure mi^ht be somewhat modified by a 
greater clearness and serenity of its plan and conception. Pro- 
testantism educates towards self-thought and clear iaeas ; hence- 
forth, even its external manifestations must seek for clearness and 
light. As the congregation has to see itself as bibles and books 
are to be oftener referred to than with Catholics — stained windows 
will not be adapted, — the more so, as the frescoes proposed by us 
as a chief ornament for the walls of the interior, would be quite 
confused and obliterated thereby. 

Of these we shall speak in conclusion. In this respect, also, a 
certain chaste economy, if we may say so, is to be recommended. 
In Catholic churches, not rarely a sensual profusion of marble and 
gold is to be regretted, and at the same time, walls and ceilings 
are overloaded with paintings. This medley, however, of a mot- 
ley coloration , makes an especially confusing impression on the 
beholder. Against the painting of ceilings we must pronounce 
most strenuously, as even with the best light it is impossible to 
view them with the requisite quiet and ease ; the outward quiet, 
however, of the beholder being the necessary condition of the inner 
satisfaction, which is the aim of all art. At times, moreover, the 
light for such ceiling-paintings is quite a wrong one, as is the 
case in the dome of Parma. How much of art and means have 
been wasted in ceilings, and how slight has been the the result ! 
On ceilings, art should not effect but an adequate and harmonious 
display of colour ; at the utmost, arabesques or facettes are to be 
used, as is the case in some of the churches of upper Italy. 
Figures and groups however, ought to be placed at a convenient 
distance, and in no distorted positions or fore-shortening. If our 
idea of a communion in Protestant congregations be assented to, 
pictures ought to be used but rarely, and of a simple, but grand 
character ; else they would distract the attention of the people. 
Large historical compositions attract too much attention; but 
figures or heads of great and pious personages will be more appro- 
priate, besides requiring only a limited space. 

If we endeavour to combine the purport of our foregoing ob- 
servations — we have to repeat, that painting has to receive a real 
element and substratum ; architecture, to manifest the scope of 
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Adaptation ; all pervaded by an ideality, which appertains to the road, and to bring it back to the straight position when the road is 

subject — an intimate connection (permeation) of the real and ideal, even. The swivel centre-pin p, is fitted into a socket o, which is 

We have to insist on compositions, clear, free, and well-combined : allowed to slide a little endways in guides o, to allow for expansion 

in fine, the preponderance of the art-scope ; — viz., to bring the and irregularities, and the holes in the links l. are made oblong for 

beautifiil and sublime into external existence, and thereby to the same reason, and that the links may pull instead of pushing, 
awaken art-feelings — viz., feelings of serenity, elevation, and con- The boiler and engines are supported on a long upper frame f, which 
tentment. We cannot forego to express our opinion, that great is attached to the lower swivel- frames by the two centre-pins f, p, 

religious buildings can and will never be conceived but by men pos- and by the links l, at the end of the engine. The whole forming 

sessing those feelings in an eminent degree. The complication one compound swivel-frame. 

of estimates and business can hardly be avoided now-a-days ; but The coke-box a, a, is placed on the top of the boiler. The 
composition and inspiration can alone produce huge structures, water-tank may be on a separate tender, or may be placed between 

worthy and able to inspire the people — a sentiment they cannot any the coke-box and the boiler, or attached in any other convenient 

longer be kept without. way. The two steam-heads may be connected at such a height as 

J. L— y. is convenient to leave head-room for the engine-man. 

Another part of the invention consists in the application of an 
— exhausting-fan in the smoke-box to draw the heated air through 

the tubes of the boiler, and to discharge it either up the chimney, 
REOX8TER OF NEW PAT E NTS. as shown in fig. 1, or, it preferred, it mav be again returned as hot 

blast into the furnace. This fan will allow the use of waste steam- 
pipes of a large size direct from the cylinder into the open air, and 

LOCOMOTIVE ENGINES AND CARRIAGES 80 avo5d S reat P re8Sure •>“ the *> ack of the piston when the 

* ordinary blast-pipes are used. The fan or fans may be driven by 

*u ME8 . AK80N ’ North-terrace, Saint David's, Exeter, bands from pulleys on any of the wheels or axles, or by a small 

for w certain Improvements in locomotive engines and [carriages. engine fixed on the side of the boiler, which may also if required 

—Granted October 7, 1847 ; Enrolled April 7, 1848. work the feed pumps. The fans if driven by pulleys must each 

have two pairs of pulleys and suitable 
clutches, one pair driven by an open 
strap, and the other pair by a crossed 
strap, so as to drive the fans always in 
the same direction, whichever way the 
engine may be going. The clutch-gear 
may be attached to the engine reversing- 
gear if required. 

Another part of the improvements 
relates to coupled locomotive engines, 
in which arrangement the compound 
swivel-frame is adopted. There are 
other improvements mentioned, but they 
are merely variations of those already 
explained. The patentee does not claim 
the invention of swivel or “bogie*' 
frames generally, but his claims are. the 
compound swivel-frame, with coupling- 
rod, provided with elastic springs or 
cushions, and the various attachments to 
the upper frame ; the form of boiler ; 
the use of exhausting-fans for obtaining 
strong draught ; and the compound 
swivel-frame, connected by rods with 
elastic cushions, and provided with 
guides and end links, as above de- 
scribed. 


Fig. 2. 

This invention applies to several parts of locomotive-engines CHRIMES* PATENT FIRE-COCK, 

and carriages. One part consists in the form of the boiler, which ^ , ... , N - - 

is made with the fire-box in the middle part of the boiler, instead The accompanying engraving (one-th^d the full size^) of a fire- 
of being at one end. The general outline of the boiler is such as cock or valve > is a substitute for the ineffective wood plug, now m 
would be formed if two locomotive boilers of the ordinary con- use in service mains. When under constant high-pressure, it forms a 
struction were placed end to end with their two fire-boxes about substitute for fire-engines, as in cases of fire it can be brought into 
four or five feet apart, and then the parts of the fire-boxes below alm08t instant operation, without that loss of time and waste of 

the fire-door were joined together by an additional piece of fire- water which the use of the wood plug involves. It can be also ex- 

box, so as to connect the two ends together into one large fire-box peditiously, cheaply, and most effectually applied to the watering 
in the middle of the boiler with a chimney at each end (fig. 1) ; a »d thorough cleansing of streets, courts, alleys, public buildings, 
or the boilers may be entirely separate and distinct, that is to say, windows, &c. ; and in railway stations, to almost every use for 
having two entirely separate and distinct fire-boxes butting against which a free supply of water is required, including supplving 
one another, and having water and steam communications common engine-tenders, cleansing carriages; and it is also adapted for 

to both, but which may be shut off from either boiler at pleasure, watering gardens and pleasure-grounds, and by the application of 

The axle of the driving-wheels is placed in the middle of the suitable outlets, for syringing fruit-trees. It is especially adapted 
boiler, above part of the fire-box and below the foot-plate, so for high-pressure supplies, as from the circumstance of the valve 

that any desired amount of weight of the engine may be brought pert of it being closed bv the pressure of the water, the higher 

upon the driving-wheels, and at the same time the centre of gravity such pressure becomes, the more is the tightness of the valve 

may be kept very low. The axles of the trailing- wheels are placed secured, and effectual safety from leakage, insured. One great 

below the cylindrical part of the boiler, and two pairs of these are advantage it has over the ordinary fire-plug is, that the stand-pipe 

placed in one swivel-frame at one end, and two pairs in a similar with the hose can be P Iaced . on to the valve without the escape of 

frame at the other end. The two frames are coupled together by any water, although the mains may be charged with water at a high 

two tension-rods b, (fig. 2). Near the ends of tnese rods b, are pressure. 

placed springs e, made of vulcanised india-rubber, and beyond By the present system, unless a cock is attached to the branch 
these springs are nuts to confine them. The use of these springs is of a fire-plug, a great loss of time unavoidably occurs in removing 
to allow each swivel-frame to adjust itself to any inequality of the the wood plug, as the water has to be turned off the main pipe 
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before the plug can be removed, and to be turned on again after it 
has been removed, to say nothing of the delay and difficulty which 
often occurs before it can be removed at all. 



Description , — The Patent Fire-cock consists of a cast-iron boss, 
A, with aperture of such size as may be required, and flange for 
connecting it with a corresponding flange on branch from main 
pipe, as represented by dotted lines under fig. 1 — the upper inner 
edge, a, of the boss being raised and faced, forms a seat for 
the loose valve, B, covered with leather, the spindle of which works 
in a brass bridge, C, and when not in use, is always closed. To the 
boss are attached wrought-iron inverted fc-shaped lugs, D, to which 
the stand-pipe, when brought into use, is secured. 

This stand-pipe consists of a copper or iron tube H, with two 
branches on the upper part I, furnished with screwed ends for 
attaching the hose ; one or both of the orifices are also furnished 
with a brass screw-cap K. At the connection of the diverging pipes 
is a stuffing-box L, and at the bottom part of the stand-pipe 
there is a brass male-screw G, with leatner washer F, working 


through a brass female-screwed collar E. This collar has pro- 
jecting lugs, which passing under lugs D of the fire-cock, firmly 
secure the lug together, and form a connection of the stand-pipe 
with the fire-cock, perfectly water-tight. 

Passing down the stand-pipe, through the stuffing-box L, is a 
wrought-iron rod, with brass crutch-handle at top, and a male- 
screw at bottom, working through a brass femaie-screw in the 
bridge G. By turning the crutch-handle M, the rod gradually 
presses down the valve B, of the fire-cock, and allows the water 
to escape all round the valve and up the stand-pipe ; and at the 
same time by the gradual opening of the valve by the aid of the 
rod and screw, the flow of water is controlled, and concussion in the 

E prevented ; while at the same time the sudden strain on the 
er, or other hose which may be attached, is, to a very great 
extent, diminished. 


PADDLE-WHEELS. 

Thomas Hunt Barber, of King-street, Cheapside, London, gen- 
tleman, for “ Improvements in machinery for propelling vessels ,"— - 
Granted October 7 , 1847 ; Enrolled April 7 , 1848 . 

This invention consists of an arrangement or combination of 
parts into paddle-wheels for propelling vessels. The external case 
of the wheel is a cylinder, which is fixed to and revolves with the 
driving-axle ; and the floats are so arranged within the cylinder, 
as to be projected outwards when required to act, and are again 
withdrawn into the cylinder as they go out of action ; such con- 
struction of paddle-wheel allowing it to be wholly immersed in the 
water. To govern the action of the floats, the patentee prefers to 
use a cranked axis, one end of which enters into the main or 
driving axle. On to the main -axle is placed a boss, to which arms 
are attached, for holding firmly the floats. The annexed diagram, 
which is a side-section of the paddle, will explain the manner in 



which the floats are intended to act. The cylinder 6, 6, has as 
many slits or openings through it as there are floats to the wheel ; 
and within the cylinder are angular hollow vessels ff which give 
buoyancy to the wheel, and also serve for the purpose of offering in- 
clined guiding surfaces to the floats as they are moved outwards. 
The arms A, A, are attached by pin-joints to the boss or collar on 
the crank axis ; and to the ends of the arms the floats are to be fixed. 
The floats «,*, t, are represented to be in action, whilst the others 
are drawn within the cylinder. The patentee says, that although 
he prefers to use a cranked axis for governing the action of the 
floats or paddles, it will be evident to an engineer that an eccen- 
tric might be substituted and produce a like result ; and it will 
also be evident that in place of having the floats or paddles whereon 
are arms or spokes governed or controlled by a crank or eccentric 
axis, the case 6, might revolve on and be governed by fixed eccen- 
trics one on either side. In such case there would be a fixed axis 
between the eccentric bearings of the case b. The nave having the 
arms of the floats or paddles would revolve freely on the fixed axis 
between the fixed eccentrics, and the case b would receive motion 
by a cog-wheel affixed thereto driven by another cog-wheel actuated 
by the engine, or in any convenient manner. 

What the patentee claims in this invention are, the modes of 
constructing paddle-wheels whereby floats, or paddles, or arms 
are combined with a case 6, such floats on the case being governed 
by a crank or eccentrics. 
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RAILWAY CARRIAGES. 

Thomas Dunn, of Windsor-bridge Iron Works, Manchester, for 
“ Improvements in railway wheel* , jacks, 6$c.” — Granted November 
2, 1847 ; Enrolled May 2, 1848. 

This patent comprises several objects connected with railway loco T 
motion. Mr. Dunn first describes several improvements in the con- 
struction of wheels. One of the principal is the easy removal and 
replacement of the tyre upon the wheel when it has become worn. 
Tnis he effects in several ways. His first method consists in 
having the nave, arms, and an inner tyre cast in one piece, upon 
which the outer tyre is bolted by means of a flange, which projects 
inwards a few inches beyond the inner surface of the tyre. The 
joint between these two pieces, out of which the wheel is formed, 
is packed with gutta percha or some other elastic substance. A 
second method consists in having the nave of the wheel cast with 
mortices in it for the reception of wooden arms or spokes, and in 
afterwards fixing the tyre to the nave, by bolts passing down 
through the middle of the spokes. According to a third method, 
that part of the wheel which is occupied by the arms is entirely 
filled in with segments of wood, between which segments there are 
driven wedges of either wood or iron, so that the wheel is almost 
entirely solid. The tyre is attached to the nave by bolts, as in the 
former instance. 

The patentee makes his axles of wood and iron, the wood form- 
ing an internal solid core, with an outer covering of iron. He also 
makes axles of several pieces, by having the naves truly bored out, 
and driving into them a short axle, or rather part of an axle, 
which is formed on the outside of the wheel, into the journal or 
bearing, and on the inside projects only a few inches, leaving suffi- 
cient strength of material to pass a cotter through to retain the 
axle in the nave. The two wheels are then connected by rods of 
iron, which have collars formed upon them near to their ends. 
The portions beyond the collars are passed through holes formed 
in the naves of the wheels, and have screws upon their outer ends, 
so that the wheels are, in a measure, devoid of axles — the connec- 
tion between them being formed by the rods. 

The second portion of Mr. Dunn's improvements relates to the 
construction of jacks for moving carriages and locomotives on to 
the line of rails when they have got off. The chief feature of this 
improvement consists in providing the jacks with four small fric- 
tion-rollers at the bottom of the pillar, by which the jack, with its 
load, is easily made to run upon a smooth surface in any direction. 

A third improvement consists of a means of removing carriages 
from one line of rails to another, which the patentee effects by 
means of a low truck, running upon a set of cross rails. A portion 
of the main lines of rails is made to form an inclined plane at 
pleasure, by means of cams fixed under the rails, whereby he is 
enabled to run the carriages on to the low truck. 


LUBRICATING COMPOSITION. 

Thomas Denne, of Bermondsey, Surrey, strap manufacturer, 
for 44 Improvements in the manufacture of grease or compositions 
for atmospheric pipes, and for lubricating the axles and moving parts 
of machinery ."—^Granted April 27; Enrolled October 27, 1847. 
[Reported in Newtons London Journal .] 

The improvements consist, first, in preparing a lubricating com- 
position by combining oil, or tallow or other grease, with certain 
light, soft, white, and unctuous precipitates or bodies, insoluble in 
water (so as to be incapable of being used as detergents), and ob- 
tainable in the manner hereafter described ; secondly, in preparing 
a lubricating composition by combining oil, or tallow, or other 
grease, with vegetable black or with lamp-black ; and thirdly, in 
mixing the compositions, prepared according to the first and second 
improvements, in such proportions as may be desirable, in order to 
render the same more suitable than when used alone for the lubri- 
cating purposes above mentioned. 

The moae of carrying out the first improvement is as follows : — 
The patentee introduces into a vessel or tank such a quantity of 
liquor colds 2 or of a saturated or other solution of sulphate of mag- 
nesia, or or sulphate of magnesia and ammonia, as he considers 
will be sufficient for the auantity of composition required to be 
prepared; he then gradually pours into ana mixes with the same 
a strong solution of such of the vegetable or animal oils as are 
most suitable for the purpose, and which have been rendered 
miscible in water by boiling the same with alkali or caustic ley ; 
or, instead of the solution just mentioned, he employs a strong 


solution of either the soft or hard soap of commerce ; or he intro- 
duces the liquor calcis , or the solution of sulphate of magnesia, or 
of sulphate of magnesia and ammonia, into the pasty and sapo- 
naceous fluid, obtained by boiling either oil, or tallow or otner 
grease, with alkali or caustic ley, — having first drawn the fire and 
allowed the pasty mass to cool down to 100° Fahrenheit. The 
patentee continues to add the saponaceous fluid so long as any 
light, soft, white, and unctuous precipitate continues to be pro- 
duced ; and then he separates such precipitate from the mother 
' liquor, by filtration through a fine linen sieve, — preserving the 
mother liquor when it contains, in solution, any valuable salts, so 
as to make it useful for manufacturing caustic leys. 

112 lb. of the precipitate, obtained as above, are to be combined 
with from 40 lb. to 1 12 lb. of palm or other oil or grease : the quan- 
tity of oil required will vary according to the peculiar character 
of the oil employed ; but about 56 lb. will, in most cases, be suffi- 
cient. The apparatus used for effecting this combination is a 
cylindrical iron vessel or mill, open at the top, containing a re- 
volving agitator, and having two pipes at the bottom, furnished 
with stop-cocks, for the purpose of discharging any water or other 
fluid that might accumulate inconveniently during the process. 
After the precipitate has been introduced into the mill, and the 
agitator set in motion, the palm or other oil is gradually added ; 
then, as soon as the proper quantity of oil has been used, the 
mixture will thicken and assume a consistence considerably greater 
than the oil or other ingredient or ingredients possessed in the first 
instance ; and a chemical combination will so far take place, that 
the greater portion of the mother liquor contained in the precipi- 
tate will be driven out, and must be drawn off by the pipes above 
mentioned. A supply of cold water is next allowed to run upon 
the grease or composition in the mill, so that it may be washed 
therein, in order to cleanse it from all adhesive impurities of the 
mother liquor ; after which, the water is to be drawn off, and then 
a few pounds of oil are to be mixed with the composition, to sepa- 
rate any adhering particles of water, and to give it a finer and 
better appearance. The grease or composition is now ready for 
use ; but if it should not possess sufficient consistence for the pur- 
pose to which it is to be applied, from 5 lb. to 28 lb. of melted 
tallow should be mixed with it m the mill ; or, when the tallow is to 
be used, it may be mixed with the composition before the latter is 
washed with water, as before mentioned. 

The second improvement consists in the production of a black 
grease or composition, which may be exposed to great extremes of 
heat and cold, and does not readily freeze, by combining 160 lb. 
of palm, olive, or other oil, or grease, with from 10 to 40 lb. of 
vegetable black or lamp-black. The oil is first placed in the mill 
before described, and then the agitator being put in motion, the 
vegetable black or lamp-black is added in small quantities at a 
time ; and the mixture is agitated until the black grease or compo- 
sition has acquired a sufficient amount of consistence. 

The third improvement consists in combining a portion of the 
black grease or composition with grease or composition made in 
the manner described under the first improvement, to prevent the 
same from freezing when exposed to frost or snow, or to protect it 
from the action of extremes, either of heat or cold : the combina- 
tion of the compositions is effected by the use of the mill before 
described. 


BRONZING METAL SURFACES. 

Chables de la Salzede, of Paris, for 44 Improvements in brass- 
ing and bronzing the surfaces of steel, iron, zinc, lead, and tin ,” — 
Granted September 30, 1847; Enrolled March 30, 1848. 

The improvements relate to coating steel, iron, zinc, lead, and 
tin, with brass and bronze. For the purpose of coating metal with 
brass, a bath is prepared, composed of tne following ingredients : 
— 5,000 parts by weight of distilled water, 610 parts of sub-car- 
bonate of potash, 25 parts of chloride of copper, 48 parts of sul- 
phate of zinc, 305 parts of azotate of ammonia, ana 12 parts of 
cyanide of potassium. The cyanide of potassium is dissolved in a 
small portion (about 120 parts) of the cold distilled water ; at the 
same time, the sub-oarbonate of potash, chloride of copper, and 
sulphate or zinc, are introduced into the remaining portion or dis- 
tilled water (contained in a separate vessel, and having its tem- 
perature increased from 144° to. 172 p Fahrenheit, to facilitate the 
dissolution of these matters) ; and when they are perfectly dis- 
solved, and the solution has become cool, the azotate of ammonia 
is added. After the solution has been shaken for a long time, it is 
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allowed to stand for 24 hours ; it is then decanted with a syphon, 
and the solution of cyanide of potassium (which should be limpid) 
is added thereto. If the solution thus prepared be submitted for 
about five hours to the action of a volatic battery with a rapid 
current (such as Bunsen's, Grove's, or Daniel’s battery), and at a 
mean temperature of 77° Fahrenheit, it will deposit a coat of 
yellow copper, or brass, on the metal article immersed therein. 
The process may be performed in vessels of porcelain, china, glass, 
or wood (which may be lined with bitumen, or any isolating 
resinous matter) ; and the vessels are preferred to be of a rect- 
angular shape. 

If the articles are to be coated with bronze, 25 parts of chloride of 
tin are to b& substituted for the above-mentioned 48 parts of sul- 
phate of zinc; the proportion of chloride of copper is to be increased 
from 25 parts to 48 ; and a plate of bronze is to be used as the 
electrode : in other respects the bath is prepared with the same in- 
gredients, in the proportions above stated, and the process is con- 
ducted in the manner before described. 

A bath, for coating articles with brass, is prepared, by dissolving 
500 parts of sub-carbonate of potash, 15 parts of chloride of cop- 
per, 35 parts of sulphate of zinc, and 50 parts of cyanide of 
potassium together, in 5,000 parts of cold distilled water. After 
the bath has been stirred, it is allowed to stand for from 24 to 48 
hours ; it is then subjected, in a cold state (from 25° to 30° Fah- 
renheit), to the action of a voltaic battery, auring the same time, 
and in like manner to the preceding baths. When this bath be- 
comes impoverished by use, the salt of zinc, or copper, which has 
been absorbed, must be replaced. The bath last described may 
also be used for bronzing, by substituting about 10 parts of chlo- 
ride of tin for the 35 parts of sulphate of zinc, and employing an 
electrode of bronze. 

In either of the processes above described, instead of the sul- 
phate of zinc, or chloride of tin, any neutral salts of zinc, or tin 
acids, may be employed, according to whether the article is to be 
covered with brass, or bronze, so long as the bath is sufficiently 
rich in potash, that there may be no action upon blue paper of 
turnsol. The proportions of the salts of tin, zinc, and copper, 
may be varied according to the colour desired to be given to the 
metal coating. This invention may also be applied to the coating 
of alloys. 


RAILWAY BARS AND CHAIRS. 

Richard Shaw, of Gold’s-green, West Bromwich, Stafford, 
railway-bar finisher, for “ Improvements in the manufacture of 
wrought-iron railway bars and railway chairs” — Granted October 21, 
1847 ; Enrolled April 21, 1848. 

The improvements described in this specification relate to the 
constructon of railway bars and railway chairs, as also the arange- 
ment of the machinery for their construction ; and consist, First, in 
the mode of forming and piling the pieces of iron to form the rail- 
way-bar, for preventing the lamination of the metal. This is 
effected by placing and piling the bars in the manner shown in the 
annexed diagram, fig. 1, the lower portion of the bar being piled 
Fig. l. in the usual manner with flat bars, and the upper 
portion piled with a broad bar bent into the form 
shown, the edges abutting upon the surface of the 
bars beneath, and the interior being filled and piled 
in the usual manner. When the railway-bar is 
finished, the grain of the metal is arranged in the 
form represented in fig. 2, and thus no laminating 
edges occur on the head of the working surface. 
The other improvements claimed by the patentee 
are, Secondly, the mode of manufacturing wrought- 
iron railway bars-with protecting rails or flanges 
affixed thereto, in such a manner that the heads 
or working surface of the railway-bar stands above the sup- 
port of the protecting rail or flange. Thirdly, the mode of 
manufacturing railway-bars with hollow heads or working surfaces 
in such a manner that the cheeks of the chairs may pass into the 
hollow of the head or working surfaces for the purposes of support. 
Fourthly, the mode of rolling railway-bars with rollers placed 
three high ; as also the mode of rolling by the same means the 
curved bars used in placing and piling for making his improved 
railway-bars. Fifthly, the construction of chairs for supporting 
his improved form of railway-bar. 



Fig. 2. 


BORING AND SINKING. 

William Gosswych Gard, of Calstock, Cornwall, engineer, for 

certain Improvements in machinery and implements for boring and 
sinking. —Granted October 21, 1847 ; Enrolled April 21, 1848. 

The object of this invention is to improve the form of the 
cutting-tool used in boring so as to remove the debris more easily ; 
and also to work the boring instrument more effectively. It is in 
§ form of the tool, however, that the chief novelty of the inven- 
tion consists. The cutting ends are made of a concave or inverted 
cap-Hke form, divided by a cross into four segments, with apertures 
leading from these segments into a hollow cylinder or shaft, 
screwed into a neck of the bit. whereby the bored-out materials 
are removed out of the way of the cutting edges. Fig. 1 repre- 
sents a vertical section of the borer or bit, con- 
structed according to this invention ; and fig. 2, 
an under plan view of the same, showing the 
cutting edges. The shaft or hollow part 6, forms 
the receptacle for the bored-out materials. This 
hollow shaft has the part a, which forms the 
cutter, screwed or otherwise affixed thereto, it 
being made of steel or some other hard metal 
The cutting face is of a hollow form, or rather 
of four distinct hollows, the area being divided 
by a cross into four sections d,d,d,d, (fig. 2), each 
separate hollow terminating in a hole <?, leading 
to a main opening m, in the trunk of the borer. 
The outside diameter of the cutter from the 
cutting-edge to the point 5, is of a cylindrical 
form, and from the point 5, (fig. 1), to where it 
joins the hollow shaft, it is tapered about half an 
inch in order to clear the shaft-part 5, and allow 
it to pass freely after the cutter. The cutting 
edge, forming the circumference, is bevelled only 
on the inside ; consequently, the material, whicn 
becomes detached by the blow, is projected in- 
wards and upwards, leaving the external part 
free from obstruction in its working. The pieces 
detached by the cutting edges, forming the cross, 
are also projected upwards, and by the concave 
form of each section are all conveyed into the 
openings e, e. e, e, to the main channel m. A 
valve-seat of brass c, (fig. 2,) is secured in its 
place by having the stem 6, screwed down on its 
surface. This valve-seat has its opening in the 
centre, corresponding with the main channel m, 
and is fitted with a ball-valve k. The detached materials pass up 
the main channel m, into the body of the stem 6, at each successive 
stroke of the borer ; the quantity of materials detached each time 
nearly filling the concavities d, J, d,d; but by being conveyed di- 
rectly into the receptacle, they are prevented from impeding the 
operation of the cutters. The valve k, which is prevented from 
rising too high by a cross-pin in the stem, cuts off any return 
downwards of the borings, in this manner may the operations of 
boring be continued until the entire capacity of the stem 5, is 
filled, when it is to be withdrawn from the boring, and the contents 
removed, which may be , effected by turning the bit upside down, 
when they will pass out of the aperture, g ; but the patentee 
prefers, when the detached materials are of a dry description, to 
keep the tool vertically in its boring position, and by raising up the 
valve from below, to allow the contents to run out. 

The second part of the invention, which relates to the mode of 
working the boring-tool, needs little description, as it contains 
nothing that is novel in principle. The patentee adopts the Chinese 
mode of boring, by fixing the tool to a chain or rope, and producing 
the effect by continuallylifting it up and letting it fall, the height of 
the fall being regulated by the resistance to be overcome. There 
is a lever attached to the chain at the top, to one end of which 
weights are suspended, for the purpose of counter-balancing the 
increased weight of the chain as the depth of the boring increases, 
so that the working may be rendered as uniform as possible. 


Fig. l. 
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MANUFACTURE OF IRON. 

Alfred Vincent Newton, of Chancery-lane, Middlesex, for 
u Improved machinery for blooming iron” (A communication.) — 
Granted Octoberl4, 1847 ; Enrolled April 14, 1848. 

This invention is for the purpose of more effectually compressing 
or shingling puddles, balls, or loups of iron into blooms. The im- 
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provements are — Firstly, the mode of compressing or shingling by 
means of a compressor acting in combination with two rollers, and 
producing therefrom a bloom. Secondly, in the use of cheeks, be- 
tween which the bloom is formed, having springs at their backs for 
the purpose of setting and keeping the ends of the blooms square and 
of proper shape; these cheeks act in combination with the cam- 
formed compressor and rollers. A third improvement consists of 
an arrangement of apparatus for feeding the shingling-apparatus 
with balls to be shingled, and for discharging the bloom when suf- 
ficiently compressed and shingled. These combined improvements 
are represented in the annexed sectional elevation. A, the cast-iron 
frame of the machine, securely fastened to the bed-plate B; 



Within the upper part of the frame are sliding blocks, C, C, form- 
ng bearings for the shaft D, upon which is mounted and properly 
secured the cam-shaped compresser E, of the peculiar form shown. 
The periphery of the compresser is eccentric to its centre of 
motion, for the purpose of squeezing and compressing the ball of 
iron between the periphery thereof and the rollers F, F ; this ec- 
centricity of the periphery of the cam-shaped compresser com- 
mences at the point 1, where it begins to impinge upon the hall of 
iron submitted to its action, and continues round tnree-fourths of 
the whole circumference of the compresser to the point 5, in the 
following manner — namely, from the point 1, of the periphery, to 
the point 2, thereon, the eccentricity is very abrupt: the pe- 
riphery recedes from the centre quickly outwards from the centre 
of motion for the purpose of more quickly and effectually com- 
pressing the ball of iron and squeezing out the impurities there- 
from ; from the point 2, to the point 3, the eccentricity is more 
gradual ; from the point 3, to the poiilt 4, the eccentricity is still 
less, the point 4, being at the greatest distance from the centre of 
the motion ; from the point 4, to the point 5, the eccentricity of 
the periphery is reversed, that is, it inclines very slightly inwards 
towards the centre of motion ; the whole space from the point 5, 
to the point 1, being one-fourth of the whole circumference, is left 
open and free for the purpose of allowing sufficient time for dis- 
charging the bloom produced by the last revolution of the com- 
presser, and for receiving into the machine another ball or loup of 
iron to be shingled. The periphery of the compresser is also formed 
with teeth or indentations thereon, for the purpose of more effec- 
tually entering into the ball or loup of iron ana squeezing out the 
impurities from it ; these teeth or indentations from the point 
1, on the periphery of the compresser, to the point 2, are very 
deep, for the purpose of entering more deeply into the ball at the 
commencement than at any subsequent period of the process; 
from the point 2, to the point 4, the teeth gradually become less 
coarse, being fine at the point at 4 ; from the point 4, to the point 
5, the periphery is nearly or quite plain. Another advantage at- 
tending the construction of the periphery of the cam-shaped com- 
presser, is the turning the ball or loup of iron round upon the 
lower rollers by means of the grip or hold of the teeth or indenta- 
tions, the lower rollers F, F, are placed in the position shown 
below the compresser E, at such a distance therefrom as to suit the 
size of the ball or loup of iron to be shingled and the size of the 


bloom to be produced ; these rollers F, F, revolve in bearings fixed 
to the main frame A, of the machine ; they are placed close toge- 
ther but not in contact ; the peripheries of these rollers are pro- 
vided with projections thereon, for the purpose of effectually turning 
the ball or loup of iron round while under operation, and thus 
subjecting every surface of it to the squeezing action of the com- 
presser. The rollers F, F, are connected by toothed gearing with 
the cam-shaped compresser E, so that they revolve in different di- 
rections, also the peripheries of the rollers and the periphery of 
the compressor must revolve at nearly equal velocities ; there is a • 
mode of adjusting the distance of the compresser E, from the 
rollers R F, to suit the quantity of metal in the ball or loup by 
means ot the set screw G, passing through the head of the frame 
A. For the purpose of setting up the ends of the bloom square 
and compressing it endways, at the same time that it is compressed 
by the compresser and the rollers, the patentee employs his second 
improvement — namely, the spring or yielding cheeks ; these 
cheeks H, H, are placed one on either side of the compresser E, 
over the rollers F. F, the compresser in revolving passing between 
them ; to the back of each of the cheeks are secured two rods or 
studs passing through holes in the main frame, which thereby 
serve as guides to them. Around the rods, and bearing stiffly 
against the backs of the cheek, and the inside of the main frame 
A, are helical springs, for the purpose of pressing the cheeks H, H, 
towards each otner, and thereby pressing and setting up the ends 
of the bloom of iron when pressed outwards by the action of the 
compresser ; the outer ends of the rods are provided with washers 
and pins for the purpose of preventing the springs from pressing 
the cheeks too near together, and thereby coming in contact with 
the sides of the compresser E. The front faces of the cheeks 
(those which act against the ends of the bloom of iron) are of a 
convex form, somewhat flattened in the middle The feeding- 
apparatus, which constitutes the patentee's next improvement, 
consists of a trough or frame L, attached to the main frame A, in 
front of the machine in an inclined position : within this trough 
or frame is placed the plate or frame M, to which are attached the 
two bars N, N, one on either side ; they move in the guides O, O ; 
upon the base or frame M. is placed the ball or loup of metal to be 
fed into the machine ; the frame M is kept back by a balance- 
weight below the foundation of the machine ; the end of the bars 
N, N, terminate in the hooked shape shown at N'. The mode of 
feeding is this : — the ball or loup of metal to be operated upon is 
thrown upon the bar or frame M, where it remains until the com- 
presser comes into the position shown in the engraving, that is, 
when the compressing surface of the compresser is out of action 
with the rollers, and tne open or free space of the compresser from 
5 to 1, is over the rollers, thereby allowing an opportunity for dis- 
charging the last-formed bloom, and receiving another ball or loup 
to be operated upon ; at this moment two pins or studs, projecting 
from the sides of the compresser, come in contact with the ends 
N' N', of the bars N, N, which is thereby drawn upwards, and the 
ball or loup deposited upon the rollers F, F. At the same time 
also, an arm or crank, fixed upon the compresser-shaft D, outside 
the main frame, acts upon the bar Q, which is connected by a lever 
to the discharging-plate R, in such manner that the bloom of iron 
is discharged from the machine at the back at the same time a 
fresh ball or loup is fed into it at the front. The discharging- 
apparatus is retained in its proper position during the shingling 
process, by means of a spring. 

The patentee claims — First, the arrangement of machinery as 
described, for compressing or shingling puddles, balls, or loups of 
iron into blooms. Secondly, the spring or yielding cheeks for 
setting up the ends of the blooms, as tuso the cam-shaped com- 
presser and rollers as described. Thirdly, the feeding and dis- 
charging apparatus. 


A CENTRE- VENT REACTION WATER-WHEEL, 

Communicated to the Franklin Institute , U. £., by Z. Pabkeb, of 
Philadelphia . 

In my notes of the experiments on the centre-vent reaction 
wheel at Troy, I mentioned the fact of the small amount of water 
discharged, in proportion to the aperture, and of its disposition to 
uniformity under all velocities of the wheel. [See Journal, ante 
P* HO.] 

I might have stated that in all cases in which the vanes of the 
wheel direct the water nearly tangentially to the inner circle of the 
annular rim of such wheels, the quantity discharged (under cir- 
cumstances of full supply) appears to be about 50 per cent, of the 
theoret ic discharge ; and that this proportion appears to be but 
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little. affected by changes in the velocity of the wheel, from being 
held stationary, to any velocity it may acquire by the pressure of 
the water on the vanes ; — or by any ehange in the circular motion 
of the water entering the wheel (at its verge), either with or con- 
trary, to the circular motion of the wheeL 

In corroboration of this position, we have the experiments at 
Troy, in which the discharge (at the maximum) was a trifle less 
than 50 per cent., owing probably to the unfavourable form of the 
vanes ; — and the fourth set of my model improvements (the notes of 
which you have), where the water passed, inwardly, through a 
structure, which, when the wheel was removed, was exactly similar 
to such a wheel, — the quantity discharged in this instance, being 
just 50 per cent, of the theoretic discharge. 

Among the many “ interesting objects” at the American Institute 
Fair, of the present season, there was a centre-discharge reaction 
wheel, in a very neatly constructed model, the wheel, about four 
inches in diameter, being made of brass and neatly finished. To 
the under side of a disk, attached to a vertical shaft, were attached 
plane vanes extending from the verge to a circle about one-half of 
an inch from the verge. To these vanes was attached the annular 
rim, in the usual way. The angle of the vanes directed the water 
somewhat without the direction tangent to the inner diameter of 
the annular rim, and after passing into the wheel, it fell through 
the opening of the rim, and bottom of flume some inches, into 
a basin beneath. The flume was a glass cylinder about seven inches 
diameter ; and the supply, a constant stream of “ Croton” through 
a lead pipe, — falling in from the top of the cylinder. 

Suspecting from my former experiments that the discharge of 
such a wheel must be uniform under all velocities, I took the op- 
portunity of experimenting on this, by applying friction to the 
shaft (about half an inch in diameter) with my fingers. I could 
make no sensible variation in the height of surface by any change of 
velocity, from being held , to running it beyond its natural free velocity 
(by rolling the shaft between the thumb and fingers ), nor by turning 
the wheel backward . 



The accompanying cut represents a section of the vanes* 


TREATISES ON THE STEAM-ENGINE. 

The want of a satisfactory treatise on the steam-engine has 
long been felt. The existing treatises, notwithstanding their 
general merits, do not supply the whole of the information which 
the engineer requires; and the looseness of scientific views, and the 
neglect of systematic arrangement, observable in most of them 
render much of the knowledge imparted either dubious or inacces- 

sible. . . 

We have been frequently called upon to give advice m the choice 
of a work on this important subject. In answer to correspondents 
who had made an application of this kind, we replied some time 
ago (vol. IX., page 392), that a complete treatise appeared to us 
to be one of the desiderata of engineering literature. Several sub- 
sequent letters strongly confirmed the opinion then expressed, that 
the existing treatises on the theory, construction, and routine 
management of the masterpiece of mechanical invention are not 
whatthey ought to be — accurate, complete , and systematic. 

It is no disparagement of the efforts of those who have already 
written on the subject, to assert that we now know more of it than 
they did. This branch of knowledge is necessarily progressive. The 
operations of the steam-engine have been extended in diversity 


and magnitude, and have attained a universality which to its great 
inventor himself would have appeared incredible. The new de- 
mands of the manufacturer, engineer,* navigator, and mechanician, 
stimulate and suggest new applications of the most powerful* 
and most obedient of the agents of human industry : upon ma- 
chinery so complicated, the fertility of modern invention and the 
boldness of modern enterprise are incessantly and successfully 
exerted : while the minute details of the apparatus are constantly 
receiving fresh improvements, as practical sicill becomes more and 
more developed and refined. 

Y et the apparatus itself is in the main unchanged. The steam- 
engine of Watt is the steam-engine of 1848 : the great inventor 
bequeathed it to us almost perfect in all its principal parts, and 
the small amount we have been able to add to his legacy is a 
striking and accumulative testimony to its original value. 

This consideration greatly simplifies the labour of compiling a 
perfect exposition of the combination of the mechanism. But 
though the innovations of practice be here confined to details, in 
other respects the changes have been fundamental. Experience 
has effected great alterations in the purposes, the management, 
and the dimensions of the engine itself ; and the accessory parts, of 
which the boiler and furnace are the principal, have received modi- 
fications which have completely changed their character. 

The theory of the steam-engine is also fundamentally different to 
that originally proposed : that Tredgold’s views of the rationale 
of its action have been totally falsified by subsequent experi- 
ence may be unhesitatingly asserted. It is much to be regretted 
that his authority, deservedly great as it in some respects is, has 
given weight to opinions which of themselves cannot stand the test 
either of theory or practice. It is still more to be regretted that 
mistaken partiality to his works should have induced subsequent 
writers to gloss over his errors, and defend that which is indefen- 
sible. When the theory of the Count de Pambour appeared, its 
obvious truths ought not to have been resisted by absura prejudice 
in favour of our countryman. De Pambour is right — Treagold and 
his followers wrong. This sounds like a very dogmatic assertion : 
and we intend it to be so, for if the lucid demonstrations of De 
Pambour fail to convince his opponents, they are either too per- 
verse or too dull to be converted : we are driven as a last resource 
to assertion, ex cathedra , and to resist frivolous contradictions by 
the weight of great names. The theory of De Pambour had no 
sooner appeared, than all scientific writers renounced their pre- 
vious views, and without reluctance signified their adhesion to his. 

Not indeed that all his conclusions are absolutely indisputable. 
The chief problem to which he addressed himself was this: — Given 
the dimensions of an engine, to ascertain the resistance it will 
overcome at a given velocity, or the velocity at which it will over- 
come a given resistance. Now, the main difficulty of the question, 
and that which De Pambour has only partially met, is to ascertain 
the amount of resistance. It is an essential element, and any 
uncertainty respecting it affects the whole subject. Without 
particularising further, we may observe that he has erroneously 
estimated the resistance to which locomotive engines are subject, 
and has assumed a law of friction (Coulomb's) which is in this case 
inapplicable. Another difficulty is in ascertaining the actual 
efficiency of the boiler. Its apparent evaporation ana its effective 
evaporation are not the same — part of the water being drawn into 
the cylinders in a liquid state. The amount of w priming” depends 
on minute and varied circumstances, — the violence of ebullition, — 
the foulness or purity of the water, — its level in the boiler, — and 
the capacity of the steam-pipes. Certainly, no mathematical for- 
mula, such as De Pambour has laid down independently of these 
considerations, can be universally and exactly correct. 

The materials for an improved treatise are abundant ; and those 
who enter on the task of compiling such a work, should ransack 
every source of information. Notwithstanding our strictures on 
Treagold, we are disposed to think that his work ought to be the 
basis of a new treatise. There are many reasons which conduce to 
this conclusion. In the first place, on comparison, his plan and 
arrangement seem the most perspicuous hitherto published. In 
the second place, most engineers are familiar with it. This is a 
great point : readers do not like to be constantly learning out of 
new books, and engineers especially have seldom time to spare in 
familiarising themselves with new systems. 

The plan which Mr. Eaton Hodgkinson has pursued in his edi- 
tion of the “ Treatise on Cast-Iron,” appears to be the best for 
the case before us : he has left his author s text as he found it, 
appending his own corrections and additions. With respect to a 
treatise on th'e steam-engine, the authorities to be searched and 
cited are numerous and valuable. In pure theory, the views of 
De Pambour should be clearly stated, with the modification above 
suggested. Some of Professor Moseley's most useful practical 
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results should be ako referred to: his researches respecting the 
effects of friction of the parts of the engine are too complicated, 
and depend on data too uncertain, to he available ; but some of his 
investigations respecting the fly-wheel, &c., are invaluable, and 
have the advantage of leading to simple arithmetical rules. 

The great continental authors require to be diligently and 
thoroughly examined. It is principally from the French writers, 
with Navier at their head, that foreign assistance must be ex- 
pected ; and the system pursued in France in the education of 
engineers, renders almost eveiy treatise written in that country on 
practical science worthy of consideration at least. The articles 
contributed to our own cyclopedias, and the recent treatise of Mr. 
Hann, also furnish several useful suggestions for rules, which an 
intelligent artisan may understand and apply without a knowledge 
of mathematics. 

The transactions of learned societies contain invaluable records 
of the results of experiment and routine experience. Numerous 
papers have appeared under the auspices of the British Association 
and Institution of Civil Engineers, on what we just now designated 
the most difficult part of the problem of the steam-engine — the 
resistance to which it is subject ; and in reference to the locomotive 
engine the labours of Mr. Wyndham Harding may be particularised. 
The transactions of the Royal Society also contain soipe papers 
referring to the resistances to marine engines — a subject to which 
Mr. Scott Russell has long devoted attention. 

The scientific periodicals — the Mechanics Magazine , the Journal 
of the Franklin Institute, &c., ought also to be examined : they are 
storehouses of facts of the greatest importance. Of course, dis- 
cretion and accurate scientific views are indispensable in selecting 
from the vast mass of contradictory and controversial statements, 
contained in the correspondence ot our contemporaries, but even 
extragavant ideas coming from practical men have some use, if 
suggested by experience — they serve at least to put debated 
questions in a new light. 

The blue books of Parliamentary and Royal Commissions contain 
also much that is valuable, amidst heaps of rubbish. It requires keen 
instinct and patient industry to separate the grain from the chaff ; 
but such a labour must be accomplished, if a perfect work on the 
steam-engine is to be written. Commissions such as those upon 
the Gauge question and Atmospheric Railways, are convocations of 
all the most eminent engineers in the kingdom, and their collected 
evidence is a synopsis which could not be obtained in any other 
manner. 

There are many other sources of information and separate trea- 
tises possessed of great merit, but too numerous to be here recited. 
These ought all to be referred to. The labour of reference is great, 
but is not the subject worthy of it? — the great marvel of the 
earth — the wonderful, wonder-working agent upon which the social 
constitution of the whole world depend£H-which, when the human 
family has become so numerous that all its labour can scarcely 
obtain from nature sufficiency of sustenance, co-operates in this 
struggle for existence* In some sense, our very lives depend on 
the steam-engine. Without its aid to convey the emigrant from 
over-crowded shores— to interchange the products of various soils 
and climates— to convert those products into clothing and other 
necessaries of society, — without, in a word, its help in carrying on 
the business of the world, the business of the world would 
become too great to be accomplished. • ' 

He who has increased by the least particle the knowledge of 
the steam-engine, has therefore conferred on society a benefit of 
which it is impossible to foresee the extent. Without hyperbole, a 
perfect account of the steam-engine would stand among the high- 
est of national undertakings. It can scarcely be expected, how- 
ever, that any treatise now written can be absolutely perfect, for 
there are many parts of the subject which it requires the experi- 
ence of future years to entirely develope. Still, the present epoch 
is particularly favourable for systematising the knowledge already 
acquired. A uniformity of practice and experience has been at 
length arrived at, which may indeed be hereafter extended ; but 
which, in all probability, will never suffer any great fundamental 
change. The chief difficulty to be encountered, is to render the- 
knowledge systematic . If it be not digested — if it be not perfectly 
consistent with itself — if the whole observe not simple and demon- 
strable dependence on definite principles, the failure of the un- 
dertaking is inevitable. Simplicity and system are the two keys, 
to the success of all works on practical science. We insist the 
more earnestly on the necessity of scientific connection and unity 
of plan, because experience has shown how far the neglect of those 
requisites impairs the utility of a treatise on the steam-engine. 
That bearing the appellation of the “ Artizan” will always be in 
high repute, for the vast quantity of practical information which it 


contains ; but this advantage is greatly diminished by the Want of 
plan. Works which contain the labours of several independent 
writers should always be subject to the supervision of some con- 
trolling editor, who should be responsible for the scientific accuracy 
of the whole. Many readers of engineering works are necessarily 
obliged to receive scientific principles on trust — their own previous 
education being devoted to practical, and not to theoretical pur- 
suits. It is all-important that such readers should not be misled. 
The slightest error of principle, the neglect of particulars in them- 
selves apparently trivial, will frequently lead to the greatest errors. 
Of what importance is it then that all mechanical doctrines should 
be accurately conceived and strictly expressed ? 

Lastly, it should be carefully and constantly explained to the 
student, that the abstract laws of mechanics are demonstrated — 
that respecting them, debate would be as frivolous as respecting 
the truth of the conclusions of Euclid. The only persons who argue 
about mechanics are those who are imperfectly acquainted with the 
science. In the applications of mechanics to the steam-engine, 
the only questionable topic is the accuracy of data — the methods 
of calculating from those data have been long since settled beyond # 
all possibility of dispute.* 

* We observe with satisfaction, that a new and improved edition of Tredgold on the 
steam-engine is proposed. The name of the pabiisher is a guarantee for the excellence 
of the typography and value ot the illustrations. If scientific » ecu racy, which we have 
here insisted upon as all- important, be also attained, a most valuable addition to the 
engineer's library will be produced. 


REVIEWS. 

Account of the Skerryvore Lighthouse, with notes on the Illumination 
of Lighthouses. By Alan Stevenson, LL.B., F.R.S.E., M.I.C.E., 
Engineer to the Northern Lighthouse Board. Edinburgh : Adam 
ana Charles Black, 1848. 

When we lately noticed the praiseworthy labours of Sir John 
Rennie, in bringing out bis costly work on Plymouth Breakwater, 
we hardly hoped to be so lucky as to have brought before us so 
soon another professional contribution of like merit. It may be 
thought that we are better satisfied by this, and less ready to 
grumble ; but we must freely own that it makes us grumble the 
more. It is not because Sir John Rennie and Mr. Stevenson have 
so well done their duty, that the ground of our complaint is 
gone. Our outcry is not against them, but against the other 
engineers of high reputation, who, having the same means, have 
done nothing for professional literature. W e know the answer : the 
hackneyed one or want of time. Sir John and Mr. Stevenson have 
answered that, and the public are quite willing to make every al- 
lowance for any short-coming on the ground of the want of time ; 
but it should not be forgotten that the greater share in a professional 
book is not in the writing, but in the plates : we may add that the 
greater part of the cost is for the plates. Nothing, therefore, can be 
more easy for those who have the money, than to put into the engra- 
ver s hands the drawings which they have by them, and then, if 
they cannot themselves do all the writing which is required, they 
must get some one to help them ; and that, too, is only a matter of 
money. In any way in which- the question can be looked at, it 
resolves itself into one of outlay, and of good will; and we 
cannot help saying, that it is far from creditable to our engi- 
neers to be so neglectful of publishing proper records of their 
works. We cannot free them from the charge of want of will, for 
it is too well known to spirited engineering publishers, to authors, 
and to editors of professional works, that it is next to impossible 
to get information, either from the leading engineers or tneir as- 
sistants. Thus, what is published is mostly veiy imperfect ; and then 
the parties who ought to have given the information are the first 
to decry what has been done, and to lay blame for what is wrong, 
or is wanting. 

We would rather believe that the wrong lies in this want of wiH, 
than in want of liberality, because many of those open to blame have 
always given very freely to professional institutions. Want of 
means we cannot allow ; for those who can spend money in buying 
boroughs, and in getting a seat in parliament,, can well give a few 
hundred pounds for bringing out a book. If, too, the evil lay in 
the want of liberality, we should be hopeless of overcoming it ; but 
if it be from want of rightly thinking about it, or from want 
of the will to set to work, then we have some trust from what ww 
know of our leading men, that they will not in the end be found 
wanting ; but will, after careful thought, do that which they 
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find to be right. The matter is, indeed, one of great weight, and 
mostly as it touches the good name of those concerned ; for how 
can the standing of the profession be kept up, if its members lie 
open to the charge of mere money-grubbing, and an utter care- 
lessness of doing anything to keep up professional knowledge ? 
The engineer has been taught by others, and as he cannot repay 
those who have taught him, he must for his share teach others. 
By building the Eddystone Lighthouse, Smeaton laid the ground- 
work of the greater lighthouse on the Bell-rock ; and Mr. Alan 
Stevenson, following in the footsteps of his father, has outdone him 
in his great work at Skerry vore. Had we not the first work, the 
last would still be wanting ; but it is by storing up knowledge, by 
gathering little and little, that it grows until we can work out 
those wonders which are the pride of all time. The slight tram- 
way has, by the work of many bands, been brought to such a height 
that it has become the strong arm of civilization. Time has been 
overcome, and the furthest ends of the land brought, as it were, 
within grasp. WTiy, however, do we talk of such things ? Why 
do our great men take their seats at the meetings of the Institu- 
tions — why have they anything to do with them, if they do not 
acknowledge them to the full ? 

The Institution of Civil Engineers sets out with the purpose of 
communicating knowledge to its members, and of keeping a record 
of every new work. Each member is pledged to write something, 
and to give his mite to the common stocK. This is an acknow- 
ledgment of the principle, and it would be well if the members 
of the Institution were, in their choice of officers, to bear this in 
mind, and only name those of their brethren as president and vice- 
presidents. who had given their fair share to professional learning. 
This would be a right acknowledgment to those who, like Sir 
John Rennie, George Rennie, Sir John Macneill, and Alan Steven- 
son, have done something, and would give a spur to others. 

So long as engineers look after money only, and do not care for 
their good name, so long will they be without their right weight 
with the public ; and so long will the government be able to tram- 
le on them, and give their emoluments to the military engm eers - 
t is not enough that they have raised great works — the evil-willed 
will always say, those were done for money, and will be ever reqdy 
to take away from the honour which would otherwise be awarded. 
The thankfulness of the public id not so sure, that any means of 
earning it can safely be left undone. How many great men are 
there whose names are almost forgotten, and whose deeds are un- 
known! Very few, when they see a canal, think of the labours of 
Brindley, or when they see a locomotive, think of how much we 
owe to Trevithick. Those who were careless of their good names 
in their lifetime, would have little right to complain of the for- 
getfulness of those who came after them-; and our great men of 
this day can look forward to nothing better. If they have tasted 
the ill-will of those amongst whom they live, and who see them 
and their works, they cannot reckon that tney will fare better 
hereafter, when they nave done nothing to show that they care 
for others as well as for themselves. 

Smeaton lives in his writings, as much as in his other works ; 
and he has earned for himself a share in the works of those who 
have followed in his path. Thus, Mr. Stevenson bears witness to 
Smeaton s good works. Before beginning the Skerryvore light- 
house, he carefully read what had been written by the great man 
who went before him. Even to the shape or bearing of a stone, 
or the fitting of a joint, Smeaton had carefully put down whst he 
had done, and Mr. Stevenson was able to come to a sound judg- 
ment as to what he himself thought of doing. The knowledge of 
a hundred years was at once brought to bear, and the engineer has 
outdone the works of his great master. 

Skerryvore will withstand for hundreds of years the storms 
and blasts which burst upon it, and those who look at it will see, 
with wonder, its strength and its bulk, and acknowledge its 
builder has done his work. A rock of stone is raised upon the 
crags of Skerryvore, but the even seams hide all the work within : 
each layer buries from sight the cunning handiwork beneath it. The 
very finish stands as it were in witness against the hardihood of the 
builder ; and there is nothing scarcely to show his skill, — nothing to 
show the care, the sweat, the peril spent in putting stone on stone, 
among threatening waves and sweeping winds, which shook the 
narrow dwelling of the workmen, ready to dash them into the 
troubled sea which yawned beneatn them. There is ffreater hero- 
ism in fighting against such risks, than in shedding blood in every 
field of Scinde, or in warring against the bold highlanders of Cabul. 
Nor can the sailor even claim the perils of the ocean for himself ; 
but the engineer shares them with him. Great as are the risks 
which our seamen have to meet, they are not greater than Mr. 
Stevenson and his workmen underwent on the rock of Skerryvore. 


The first shelter they raised was wrecked in a winter s storm, and 
thev dwelt for months in a barrack upon the rock, which they 
could not but believe was threatened with the same end. Cranes, 
windlasses, forges, and anvils, were tossed about the rock by the 
storm, as freely as pebbles, dashing timbers to pieces, and helping 
to tear away the works which were laid down. No tool could be 
left for a day without being lashed to ring-bolts, and even these 
were sometimes snapped off. The surf dashed in sheets against Mr. 
Stevenson s window, fifty feet above the sea ; and one night, he 
tells us the barrack reeled so with the shock of the waters, that all 
the men leaped from their hammocks with a fearful wail, believing 
that their doom was come, and that they should be swept into the 
seething waters. Here were they sometimes laid up for days, 
unable to stand upon the slippery rock, or to face the sweeping 
storm ; and lying in their hammocks day and night, for shelter 
against the bitter cold. Sometimes they were left almost without 
food, for the steamer could not always keep the sea ; and once 
their stock was brought down to the wants of one day only. At 
all times it was hard to land, or to get the stones out of the 
lighters ; and often they were hauled back by the steamer after 
snapping every warp. The rock was as smooth as glass, and so 
narrow that the workmen had hardly room to work. In blasting 
for the foundations, there was no shelter under which the men 
could lie down ; so that Mr. Stevenson had to cover the rock with 
matting when blasting was going on. On this spot, they worked 
under the broiling sun while daylight lasted, snatching only hasty 
meals ; and their nights they spent, the first year, in an uneasy 
ship, which often made them Bea-sick ; and afterwards in the bar- 
rack, whence the storm might have in one moment hurled them 
from sleep to death. 

The few words which Mr. Stevenson gives to these risks he and 
his fellow-workmen underwent, have all the charm of romance, 
and may well be put side by side with any tale of the sea. They 
are most pleasing, however, as a record of true courage, success- 
fully exerted in a useful undertaking. Had we not this record, 
we should know but little of what Mr. Stevenson has done, or how 
to rate him at his true worth ; indeed, half of his merit would be 
lost, for the mere workmanship is the least which he can boast of ; 
and others could match him even in that. The skill, the foresight, 
the battle with the hardships of every kind, which beset this un- 
dertaking, tasked his powers to the utmost ; but he answered to 
the call. 

Professional gallantry in meeting danger is, we are happy to say, 
far from rare. The engineer is ever ready to share with the work- 
men in every work of risk, and there are few great works which 
have not some tale of gallantry to tell. The lighthouses of the 
Eddystone, the Bell-rock, and Skerryvore, were beset with peril ; 
in the tunnels under the Thames, Trevithick, Sir Mark Brunei, 
and Mr. Gravatt, risked themselves; and daily, wherever a new 
locomotive is tried, a new boiler is set up, a new mine opened, or 
a new engine built, some engineer puts his life at stake. Courage 
is not the virtue of a blue coat, or of a red one : the medical man 
who meets typhus in the abodes of the poor, is a greater hero than 
he who boards another’s bulwarks, or who storms a breach ; be- 
cause he has no hope of glory or advancement, and a greater 
chance of danger. 

The reader of Mr. Stevenson’s book is sure to be struck by the 
thought of its value to engineers now and hereafter, but most to those 
in our far settlements, who have no chance of going to Skerryvore, 
or to the Eddystone ; and who, indeed, if they had, would see the 
work — but not how it has been done. Mr. Stevenson has been care- 
ful fully to explain every step which he took, to account for his 
failures, to give the reasons by which he was led, and to describe 
every process, however common, or however trifling. He thought 
that nothing belonging to his work was beneath him ; and as he 
looked into everything, he was enabled even to make improvements 
in many of the common operations. By recording what he did, he 
enables others to do likewise, and to follow in his path; and no one 
thinks that his book is too long, — but rather, each wishes that it 
were longer, though nothing is left out. Care in such works is 
highly needful, ana is most wanted where there are no bounds to 
the outlay which may be made. By leaving out such dovetails 
and ribbands as Smeaton and Thomas Stevenson had in their lower 
layers, Mr. Stevenson saved above four thousand pounds in the 
cost of dressing the granite, and without any loss of strength or 
safety. By getting everything ready before-hand, he had no loss 
of time in running up his building on the rock, but had every stone 
dressed, so that it was right to the eighth of an inch ; and the whole 
building is as well finished as if it were raised upon the main land, 
with every help at hand, — whereas, there was hardly room on the 
rock for blasting, no mooring ground, no pier, no quay, hardly room 
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for a windlass, and everything was brought from Hynish, twelve 
miles off. 

Whoever reads this book must think more highly of the labours 
of engineers ; but when we look at the wonderful works which are 
spread over this land, we cannot but wish that we had as good 
records of them. The public will name many who are well able to 
do justice to their own labours, and the fulfilment of the public 
wish would greatly enrich our libraries. The history of the Liver- 
pool and Manchester Railway, by Mr. George Stephenson, would 
t>e a hand-book for all time. Mr. Robert Stephenson, M.P., has in 
the London and Birmingham Railway a gooa subject for illustra- 
tion. Mr. Locke, M.P., can do no better service to the profession 
than by the publication of an account of the Grand Junction Rail- 
way. Mr. Brunei has spent many years upon the perfection of 
the broad-gauge system, and has in the Great Western Railway 
achieved a success which should not be forgotten. Mr. Cubitt 
has allowed his assistants to give accounts of the tunnels and 
blasting operations on the South Eastern Railway, but a full 
account of the whole line is wanted from his own hands. We hope 
the time is not far off when we shall see these among other contri- 
butions to our' professional literature. 

We shall now call attention to the rocks on which the Skerry- 
vore lighthouse was raised. They form part of a long reef, 1 1 
miles to the south of Tyree, in the outer range of the Hebrides 
or Western Isles, so that they are in the sea-way between Scotland 
and Ireland ; and ships from seaward, if they miss the north of 
Ireland’ are often driven on Skerry vore, where many wrecks have 
happened. In 1814, an act of parliament was obtained for building 
a lighthouse, but it was not till 1834 that Mr. Alan Stevenson was 
sent to make the first survey. 

At low tides, Skerryvore measures about 280 feet square ; but it 
is cut up by gullies of unlooked-for depth, so that the solid part is 
only 160 feet by 70 feet. On this a loaf of rock, about five feet 
broad, rose to the height of eighteen feet above high-water level, 
the greater part of the rest being about six feet above that level. 
The rock Mr. Stevenson calls a syenitic gneiss, consisting of quartz, 
felspar, hornblende, and mica. 

It was not till the summer of 1835 that the survey was finished, 
and Hynish, in the wretched island of Tyree, was chosen for the 
workyard. This is 12 miles from Skerryvore. In 1836 and 1837, 
auarries were opened in Tyree, and in the latter year the pier at 
Hynish was begun. Mr. Stevenson was now busy in drawing up 
his plans, and here he came to a weighty question. 

44 A primary inquiry, in regard to towers in an exposed situation, is the 
question, whether their stability should depend upon their strength or their 
weight s or, in other words, on their cohesion , or their inertia ? In pre- 
ferring weight to strength , we more closely follow the course pointed out by 
the analogy of nature ; and this must not be regarded as a mere notional 
advantage, for the more close the analogy between nature and our woiks, 
the less difficulty we shall experience in passing from nature to art, and the 
more directly will our observations on natural phenomena bear upon the 
artificial project. If, for example, we make a series of observations on the 
force of the sea, as exerted on masses of rock, and endeavour to draw from 
these observations some conclusions as to the amount and direction of that 
force, as exhibited by the masses of rock which resist it successfully and the 
forms which these masses assume, we shall pass naturally to the determina- 
tion of the mass and form of a building which may be capable of opposing 
similar forces, as we conclude, with some reason, that the mass and form of 
the natural rock are exponents of the amount and direction of the forces 
they have so long continued to resist. It will readily be perceived, that we 
are in a very different and less advantageous position when we attempt, from 
such observations of natural phenomena, in which weight is solely concerned, 
to deduce the strength of an artificial fabric capable of resisting the same 
forces ; for we must at once pass from one category to another, and endea- 
vour to determine the strength of a comparatively light object which shall 
be able to sustain the same shock, which we know, by direct experience, 
may be resisted by a given weight. Another very obvious reason why we 
should prefer mast and weight to strength , as a source of stability, is, that 
the effect of njere inertia is constant and unchangeable in its nature ; while 
the strength which results, even from the most judiciously disposed and well 
executed fixtures of a comparatively light fabric, is constantly subject to be 
impaired by the loosening of such fixtures, occasioned by the almost incessant 
tremor to which structures of this kind must be subject, from the beating of 
the waves. It was chiefly on these grounds that the Commissioners of 
Northern Lights, after consulting a Committee of the Royal Society of Edin- 
burgh, and Messrs. Cubitt and Rennie, civil engineers, rejected the design of 
Captain Sir Samuel Brown, R.N., who volunteered a proposal to build an 
iron pillar at the time that the erection of the Skerryvore Lighthouse was 
determined on in 1835. Mass, therefore, seems to be a source of stability, 
the effect of which is at once apprehended by the mind, as more in harmony 
with the conservative principles of nature, and unquestionably less liable to 
be deteriorated than the efraiipM, which depends upon the careful proportion 
and adjustment of parts.” 


In fixing the quantity of matter needfhl to produce stability, and 
in determining the shape of the tower, Mr. Stevenson had to 
Droceed empirically, for there is a want of sufficient experiments. 
Mr. Stevenson gives, however, a full discussion of the data, which 
are available. At this point he brings in an interesting comparison 
of the three great lighthouses. 



Height above 

Contents of 

Diameter. 


first entire 

tower. 

At Base. 

At Top. 


course. 





Feet. 

Cubic feet. 

Feet. 

Feet. 

Eddystone 

68 

13,343 

28 

15 

Bell-rock 

100 

28,530 

42 

16 

Skerryvore 

138-5 

58,580 

42 

15 


The first barrack raised was swept away by the sea, so that in 
1839 the summer was spent in raising another, and in excavating 
the foundation of the lighthouse tower. The difficulty of doing 
this may be appreciated from the following account : — 

44 It w« commenced on the 6th of May, and wai continued up to the last 
hour of our remaining on the rock, on the 3rd of September. A more un- 
promising prospect of success in any work than that which presented itself 
at the commencement of our labours, I can scarcely conceive. The great 
irregularity of the surface, and the extraordinary hardness and unworkable 
nature of the material, together with the want of room on the rock, greatly 
added to the other difficulties and delays, which could not fail, even under 
the most favourable circumstances, to attend the excavation of a foundation- 
pit on a rock at the distance of 12 miles from the land. The rock, as 
already noticed, is a hard and tough gneiss, and required the expenditure of 
about four times as much labour and steel for boring as are generally con- 
sumed in boring the Aberdeenshire granite. 

After a careful survey of the rock, and having fully weighed all the risks 
of injuring the foundation, I determined at once to enter upon a horizontal 
cut, so as to lay bare a level floor of extent sufficient to contain the founda- 
tion pit for the tower. The very rugged and uneven form of the Rock made 
this an almost necessary precaution, in order to prevent any misconception 
as to its real state, for it was traversed by numerous veios and bands inclined 
at various angles, on the position and extent of which the stability of the 
foundation in no small degree depended. That operation occupied 30 men 
for 102 days, and required the firing of no fewer than 246 shots, chiefly 
horizontal, while the quantity of material removed did not greatly exceed 
2,000 tons. It was a work of some hazard ; for the small surface of the 
Rock confined us within 30, and sometimes within a dozen yards of the 
mines, while its form afforded us no cover from tbe flying splinters. The 
only precautions we could adopt were to cover the mines with mats and with 
coarse nets, which I had caused to be made during the previous winter, of 
the old ropes of one of tbe lighthouse tenders, and in each blast to appor- 
tion very carefully the charge of powder to the work that was to be done. 
That was managed with great skill by Charles Barclay, the foreman of the 
quarriers, who charged all tbe bores, and, along with myself, fired all the 
shots. So completely did the simple expedient of covering tbe bores with 
nets and mats check the flight of the stones, that, except on one or two 
occasions, none of the splinters reached us, and all the damage done was a 
slight injury to one of the cranes. Perhaps, also, our safety may, in some 
measure, be attributed to a change which I introduced into the mode of 
charging the horizontal shots, by whioh all tbe risk of pushing home the 
powder in the ordinary mode with tbe tamping rod is avoided. That cnange 
consisted in using a kind of shovel, formed of a rod, armed with a hollow 
half-cylinder of sheet copper, which contained the powder, and being in- 
verted by giving the rod half a turn round its axis, made the powder drop 
out when the cylinder reached the bottom of the bore. It was in all respects, 
excepting size, the same as the charging-rod used for great guns. The 
amount of materials removed by blasting, as nearly as I could ascertain, was 
only about 1,000 cubic yards ; and, taking all the circumstances into account, 
it may be doubted whether there be any instance in modern engineering of 
an operation of to small an extent occupying so much time, and involving so 
great risk. Tbe blasting of tbe rock, however, was not the only difficulty 
with which we had to contend, for it also became necessary to remove the 
quarried materials, amounting to about 2,000 tons, into the deep water 
round us, to prevent their being thrown by the waves upon the rock, and so 
endangering the future temporary barrack. That was rather a laborious 
work, and occupied two cranes, with temporary runs and trucks, during the 
greater part of the time we spent on the rock. I am well aware that the 
quantity of materials which I have just mentioned, will be apt to produce a 
smile from those who have been chiefly conversant with the gigantic but 
simple operations which generally characterise the great railways of this 
country ; but if it be remembered that we were at the mercy of the winds 
and waves of the wide Atlantic, and were every day in the expectation of a 
sudden call to leave the rock, and betake ourselves to the vessel, and on 
several occasions had our cranes and other tools swept into the sea, the slow- 
ness of our progress will excite less surprise ; and still less will those who 
duly weigh the dangers of our daily life, both in our little vessel and on the 
rock, and who, at the same time, reflect on tbe many striking proofs which 
we almost every hour experienced of the care of an Almighty hand, be dis- 
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posed to withhold their sympathy from the heartfelt expressions of gratitude 
which often went round our little circle in the boats, as we rowed in the 
twilight from the rock to the ship. Isolation from the world, in a situation 
of common danger, produces amongst most men a freer interchange of the 
feelings of dependence on the Almighty, than is common in the more chilly 
intercourse of ordinary life. 

With a view to lessen the dangers of blasting in such a situation, I had 
provided a galvanic battery on the plan proposed by Mr. Martyn Roberts, 
hut I used K less frequently than I intended. The attachment of the wires 
were very liable to be broken from various causes, where there were many 
men congregated in a small space ; and as we could not venture to leave the 
apparatus on the rock, the frequent re-shipment of it in a heavy sea was 
another cause of the derangement of its parts. I soon, therefore, laid it 
aside, and only bad recourse to it when any work was to be done under 
water, or in cases where the simultaneous firing of several mines (for which 
it is admirably adapted) was of importance in effecting any special purpose. 

When the floor had been roughly levelled I again carefully surveyed the 
rock, with the view of fixing precisely the site of the foundation-pit, and of 
taking advantage of its form and structure to adopt the largest diameter for 
the tower of which the rock would admit. In some places 1 found that 
parts of the rock, apparently solid, had been undermined by the constant 
action of the waves, to the distance of 13 feet inward from its face ; but none 
of those cavernous excavations reached the main nucleus, so that, after much 
deliberation and repeated examinations of all the veins and fissures, 1 was 
enabled to mark out a foundation pit 42 feet in diameter, on one level 
throughout. That was a point of no small importance ; and although it had 
cost great labour at the very outset, much time was saved by it in tbe sub- 
sequent stages of the work. Not only was the labour thereby avoided of 
cutting the rook into separate terraoes, and fitting the blocks to each suc- 
cessive step, as was done by Smeaton at the Eddystone ; but the certainty 
that we had a level foundation to start from, enabled us at once to commence 
tbe dressing of stones without regard to any irregularities in tbe surface of 
tbe rock ; and tbe building operations, when once commenced, continued 
unimpeded by the necessity for accommodating the courses to their places in 
the foundation- pit, so that the tower soon rose above tbe level, at which 
there was the greatest risk of the stones being removed by the waves before 
the pressure of the superincumbent building had become great enough to 
retain them in their places. 

The outline of the circular foundation-pit, 42 feet in diameter, having been 
traced with a trainer on the rock, numerous jumper-boles were bored in 
various places, having their bottoms all terminating in one level plane, so as 
to serve as guides for the depth to which the basin was to be excavated. 
Tbe depth did not exceed 15 inches below tbe average level, already laid 
hare by the cutting of tbe rough horizontal floor which has just been 
described ; and before the close of the season of 1839, about one-f Ainf of the 
area of the circle had been cleared, and was ready for the final pick-dressing 
which prepared it for the reception of the first course. The excavation of 
this circular basin was conducted with the greatest caution, and few shots 
were permitted to be fired lest the foundation should in any place be shaken 
by the action of the gunpowder on any of the natural fissures of the rock. 
The work was chiefly done by means of what are called plugs and feathers. 
In that part of tbe work the bores were nearly horizontal, and the action of 
the plug and fiat ken was to throw up a thin superficial shelf or paring of 
rock of from 6 to 12 inches in depth, and not more than 2 feet square. By 
that painful process an area of about 1,400 superficial feet was cleared. The 
chief trouble connected with that operation was cutting, by means of the 
pick, a vertical face for the entrance of the horizontal jumpen or boring 
rods ; and wherever advantage coold be taken of natural fissures it was gladly 
done. Another considerable source of labour was the dressing of the vertical 
edges of the basin, as that implied cutting a square cheeky 15 inches deep 
and about 130 feet long, in the hardest gneiss rock ; and the labour attend- 
ing which, can only be fully estimated by a practical stone-cutter who has 
wrought in such a material. The plan employed was to bore all around the 
periphery of the circle, 1£ inch vertical jumper-holes, 6 inches apart, to tbe 
required depth, and to cut out the stone between them. The surface thus 
left was afterwards carefully dressed, so as to admit vertical and horizontal 
moulds, representing truly the form of the masonry which the check was in- 
tended to receive. The experience of the labour attending that operation 
gave me great reason for congratulation on having adopted a foundation on 
•ne level throughout, instead of cutting the rock into several terraces, at 
each of which the same laboor of cutting angular checks must necessarily 
have been encountered. The cutting of the foundation occupied 20 men for 
217 days in all, whereof 168 days were io the season of 1839, and the rest 
in the summer of 1840." 

It was not till 1840 that this pit was finished, when Mr. Steven- 
son says— 

“ The rock, indeed, was in maoy places so hard as often to make it seem 
hopeless that tools could make any impression on it. The time employed in 
the excavation and tbe number of tools expended on it, were very great, as 
a pick seldom stood more than three strokes in the harder quartzose veins ; 
but our perseverance was at length amply rewarded by obtaining a founda- 
tion so level and so fairly wrought throughout the whole area of a circle 42 
feet in diameter, as to present to the view the appearance of a gigantic basin 
of variegated marble ; and so much pleased were the workmen themselves 
with the result of their protracted toil, that many of them expressed serious 


regret that the foundation must soon be covered up, so as (we trusted) 
never to he seen again. In the dressing of the rock much inconvenience 
arose from the small splinters which flew out before the tools, sometimes 
rising to tbe height of 40 feet, and coming in at the windows of the barrack ; 
and after several injuries had been sustained, I at length found it necessary 
to send to Glasgow for fencing masks to protect the men’s faces. In all our 
work, nothing was more grudged than the occasional loss of half a day in 
baling out the water from the foundation-pit after it had been filled by a 
heavy sea.” 

The mortar employed in the building was composed of equal 
parts of Aberdda lime and Pozzolano earth, being identical with 
that used by Smeaton. 

In 1840, six courses were set, being a mass of masonry equal to 
the whole of the Eddystone tower. In 1841, 30,300 cubic feet were 
built, being twice as much as the Eddystone, and more than the 
whole Bell-rock lighthouse. In 1842, the masonry work was 
finished. 

The general arrangement of the tower is much like that of the 
Bell-rock lighthouse. 

“ The ascent to the outside door is by a ladder or trap of gun metal, 26 
feet high. The first apartment on the level of the entrance door, is chiefly 
appropriated to the reception of iron water-tanks, capable of bolding a 
supply of 1251 gallons. The next story is set aside for coals, which are 
stowed in large iron boxes. The third apartment is a workshop ; the fourth 
is the provision store ; and the fifth is the kitchen. Above are two stories, 
each divided into two sleeping apartments, for the four light-keepers. Over 
them is the room for the visiting officers ; then follows the oil store, and 
lastly comes the ligbtroom, making in all twelve apartments. The nearness 
of the oil store to the lightroom is a great convenience to the keepers, 
who are thus saved the trouble of carrying the daily supply of oil to tbe 
ligbtroom, up a long flight of steps. The passage from story to story is by 
oaken trap ladders, passing through hatches in each floor and partitioned off 
from each apartment in order to prevent accidents and to check cold 
draughts.” 

The light was exhibited at Skerryvore on the 1st of February, 
1844. 

The whole cost of erection was 90,268/. 12*. Id., but of this very 
little was spent directly on the lighthouse. The cost may be thus 
subdivided : — 


Establishment at Hynish 


£4822 

Rock barrack, No. 1 


790 

„ No. 2 .. 


1479 

Establishment and quarries at North Bay 


1883 

Signal tower and lights at Hynish 


1215 

Wharf and railway at Skerryvore 


257 

Steamer, tender, and stone lighters 
Moorings 


17145 


766 

Boats and freight of hired vessels 


5700 

Labourers discharging cargoes . . 


933 

Travelling expenses 


1711 

Coals 


1463 

Gunpowder . . • . 


375 

Excavating platform .. 


763 

Dressing lighthouse blocks 


9929 

Tools and machinery . . 


4267 

Cartage 


1104 

Mortar 


889 

Lighthouse tower, putting together and fittings 

8551 

Ligbtroom .. 

. . 

3851 

Salaries 

. . 

3656 

Lightkeepers’ houses . . 

. . 

3915 

Pier at Hynish 

. . 

2591 

Dock at Hynish for the tender . . 

.. 

7055 


From the whole cost, 2,839/. is to be taken off for the steamer 
and materials sold, bat each item is given by Mr. Stevenson in 
detail. 

Having thus followed Mr. Stevenson throughout his labours on 
the tower at Skerryvore, we must keep until next month our 
remarks on a subject no less interesting — that of lights, to which 
a great part of his book is devoted. 


Electric Telegraphs . London : Bogue, 1848. 

This is a shilling volume of scraps for the railway carriage, 
which contains more information about the Electric Telegraph, 
and more amusement, than any which has yet been published. 
There is not an invention in England, the United States, or abroad, 
which has escaped the author s attention. 
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Report on the Supply of Surplus Water to Manchester , Salford, and 
Stockport , with some Remarks upon the Construction of Rain Gauges, 
and the Annual Depth of Rain falling in different localities around 
Manchester . By S. C. Homersham, C.E. London : Weale, 1848 . 

This work relates to the great Manchester water controversy, 
which for the last few years has so much occupied that town. 
There are three candidates for the supply of Manchester with 
water : the Manchester and Salford Waterworks Company, the 
Corporation of Manchester, and the Manchester, Sheffield, and 
Lincoln Railway Company. Mr. Homersham is the follower of 
the last-named, and his work is therefore one-sided so far, though 
we believe it to be for the most part fair and straightforward. 

The Waterworks Company suffer from a short supply and the 
bad quality of their water, which is got partly from peat-moss, and 
partly from the drainage of an inhabited district, but eked out 
by a supply from the Railway Company. The supply is clearly 
neither enough nor good enough for the growing town of Man- 
chester. The town council have therefore got a bill to enable them 
to get water from Longdendale, gathered into reservoirs from a 
mossy surface. In the meanwhile they have likewise bought water 
of the Railway Company. 

The Manchester, Sheffield, and Lincoln Railway Company having 
bought the Peak Forest Canal, were struck with the profit to be 
got by the sale of water to the great towns of Manchester and 
Stockport. Their canal, beginning in the Peak district of Derby- 
shire, among the steep hills, gives them a right to all the water not 
required by the millowners; and as there is much more than is wanted 
for the trade of the canal, it is a clear gain to sell it in those towns. 
The Company do not however wish to retail water to the house- 
holders, but to sell it wholesale and in bulk to the corporations or 
water companies. The Manchester and Salford Waterworks Com- 
pany in July 1844, bought some of this water, and soon after con- 
tracted for 120,000,000 gallons yearly, for three years certain, at 
24. per 1,000 gallons, or a rental of 1,000/. yearly. In 1844, they 
agreed to take 50,000,000 gallons more. In August 1847, the Cor- 
poration of Manchester took for three years 200,000,000 gallons 
yearly, at 34. per 1,000 gallons, or a rental of 2,500/. yearly. The 
Railway Company offer to supply the Corporation with seven 
millions of gallons of filtered water daily, at Hd. per 1,000 gallons, 
or at a yearly rental of 15,968/. 15*. " J 5 

By the enterprise of the Railway Company, this large supply of 
good water is secured ; and we have no doubt that in many other 
cases, railway companies might have done ‘great good to the public 
in the supply of water and gas, if it were not for the prejudices in- 
dulged in by the legislature, which shackle railway companies as 
they do private enterprise generally. Indeed, the whole drift of 
legislation is to thwart enterprise, even when there is the pretence 
of consulting the public interests. Thus, what with the Sanitary 
measure, threatening to interfere with the companies, and what 
with the Standing Orders, there is hardly a bill before the House 
of Commons for waterworks. The Board of Trade inspection 
presses likewise very heavily on small companies, besides the 
House of Commons fees. 

Mr. Homersham thus describes the country around Manchester 
from which the water is drained for its supply: — 

•• The town of Manchester is situated at an average height of about 120 
feet above the mean level of the sea at Liverpool, and is bordered on the 
north- west, the north, the east, and the south, by high hills and upland 
ilmt, in a distance varying from twelve to eighteen miles from the town, 
rise 1,100 to 1,900 feet above the sea, when they begin to fall in a contrary 
direction. The highest points in this range of hills are Rivingtoo Pike to 
the oorth-west of Manchester, 1/145 feet above the mean level of the sea ; 
Blackstone Edge to the north-east, about 1,450 feet; Holme Moss to the 
east, about 1,859 feet ; Kinder Scout to the south-east about 1,981 feet; 
Aie Edge, south-east by south, 1,751 feet; and Bosley Minns, nearly 
direct south, about 1,260 feet. These hills rise very abruptly, and the 
numerous valleys and mountain gorges that intersect them in various direc- 
tions contain chaooels, called rivers or streams, that drain off the rain 
which falls upon them. The names of the principal rivers deriving their 
waters from the sources now pointed oat, are the Irwell, the Irk, the Wed- 
lock, the Tame, the Etherow, the Goyt, the Dane, gnd the Bollin. The 
waters of the whole of these rivers unite in the river Mersey, and by this 
channel are discharged into the sea at Liverpool. 

The rivers upon which the towns of Manchester and Salford are 
situated, are the Irwell, the Irk, and the Medlock ; the two latter streams 
joining the Irwell within the town. The area of land upon which the 
rain falls that feeds these streams before entering Machester is about 

163.000 statute acres; of which about 11 300 drain into the river Medlock ; 

17.000 into the Irk ; aod 134,700 into the Irwell ; the$e rivers, like all 
others having a similar origin, are very irregular as regards the quantity 
of water which passes down them at different seasons." 

Nothing is idle in that busy district — even the water is made to 


work hard. Mr. Homersham says of the river-gods of Lancashire 
and Cheshire — 

“ They are made to turn innumerable water-wheels, that give motion to 
machinery of various kinds ; they are used to supply both the means of 
forming and condensing steam, that, properly directed, performs such a 
prodigy of labour with unceasing and untiring effect ; they are used to 
sconr, bleach, and dye the goods they have helped to spin and weave; and 
their flood-waters, collected in reservoirs, feed with water the canals and 
rivers that transport both the raw aod manufactured material. They 
•apply our bouses with water for domestic purposes, and they perform 
the office of scavenger ; removing from our dwellings the excretion aud 
filth, that, remaining near ns, would undermioe our health, engender 
fevers, and cause premature death." 

Of the fall of water two very interesting tables are given, which 
show that the depth of rain tailing at the same place is very un- 
equal in different years, and that it seems to follow no law, but the 
greatest depth of water falls to the west, which is nearest to the 
sea: — 


Table, — Showing the Depth of Rain fallen per annum for a series of 
years m different places situated in the upland to the west , north-east , and 
south of Manchester , and the level above the mean level of the sea. 



Shar- 

pies, 

near 

Bolton. 

Bolton. 

Bury. 

Roch- 

dale. 

Black. 

■tone 

Edge. 

Pair- 

field. 

Marple. 

Comb’s 

Reser- 

voir. 

Chapel • 
en-le- 
Friih. 

Level.. 

850 feet. 320 feet. 300 feet. 

500 ft. 

1500 ft. 

220 ft. 

531 feet. 720 feet. 

1121 ft. 

Vex r. 

Inches. 

Inches. 

Inches. 

Inch. 

Inches. 

Inch. 

Inches. 

Inches. 

Inches 

1832 


53-77 

3796 

43 32 

31-63 




1833 


6170 

50 61 

56-73 

47-37 




i 

1834 


43-98 

42 48 

42-41 

89-94 





1834 


46-44 

43-94 

47 97 

86*43 





1836 


6H-78 

49-57 

61-11 

41 25 





1837 


42 25 

44 05 

45-30 

38-17 





1838 


47e5 

43 28 

45-42 

35-55 





1839 


45-26 

40 70 

45-76 

35 79 





1840 


45 03 

3883 

44-00 

36 90 




48-48 

1811 


53-87 

47-37 

48 55 

83 50 




63*30 

1842 


3-I-63 

34-49 

37 08 

3070 




41*80 

1843 

63-4 

49 40 

4ir47 

50-59 

36 10 

38-60 



4i-9o 

1844 

5O0 

*4-63 

28 65 

34-41 

34 80 

26 35 

29 40 

4270 

33 00 

1845 

550 

48-11 


51 64 

39 80 

3890 

38-80 

5110 

43-80 

1846 

49 8 

4082 


4204 

8710 

30 20 

82 85 

3810 

*8 80 

1847 

61 4 

52 32 


51-72 

35 70 

40-75 

4870 

51 30 

44-00 

Means 

50-92 

46-74 | 

4172 

46-76 

86 29 

84-84 

36*56 

45-80 

42 98 

Lowest 

49-8 

3463 | 

28 65 

84-41 

24 80 

26 85 

29 40 

38 10 

33 00 


Table, — Showing the Depth qf Rain fallen during the past year of 1847, 
at various places situated in the upland , east and south of Manchester , and 
level above the mean level qf the sea . 




Wood- 

Comb’s 


Todd 


1847 

Newton 

head 

Reser- 

Comb’s 

Brook 

Brinks. 


Station. 

Tunnel. 

voir. 

Ridge. 

; Reser- 






voir. 


Level. . 

350 feet. 

1,000 ft. 

720 feet. 

1,670 ft. 

620 feet. 

1.500 ft. 


Inches. 

Inches. 

Inches. 

Inches. I 

Inches. 

Inches. 


34-69 

8312 

61-30 

35 85 I 

88*39 

29-60 


Note.— The observations for Belmont were procured from J. M agnail, Esq.; and for 
Holton from H. H. Watson, Esq.; from Bury, from J. Norris, Esq., F.R.A.8., who, 
since September. 1848, hss removed to Ho wick House, near Preston ; from Rochdale, 
from J. Ecroyd, Esq. ; from Blaekstone Kdgs, from Mr. R. Matthews, the engineer of 
the Rochdale Canal ; and the rest from observations snppUed by J. Meadows, Esq. The 
whole of the observations, with the single exception of Blackstone Edge, were made with 
rain gauges fixed very near the ground. 

Mr. Homersham charges against the corporation water that it is 
drained from peat land, and is charged witn organic matter, which 
is hurtful to health. He affirms that no filtration can remedy this, 
as when the water is warm the peat is soluble in it. 

Our author, not content witn charging his opponents on every 
side, asserts that his own company is free from alf defects, that the 
water is most abundant, is collected at the best time, and is little 
tainted by peat, while he contends that it is likewise the cheapest 
supply that the corporation can obtain. In his zeal, he says of the 
freshets impounded by the Railway Company — 

“This system of collecting water is very favourable to its purity , as when 
it flows off tho bill-sides during heavy rains (except in a peaty or boggy 
district) it is much less contaminated than water (percolating slowly from 
the soil, and red need in quantity by evaporation) which forms the streams 
in dry weather; besides, over most large tracts of land, consisting of thou- 
sands of acres, there will be found farm-houses aod a considerable resident 
population, and all the excretion and filth created from these sources, with 
thr soluble parts of manures placed on the land, must, of necessity, drain 
into the streams , and tend to foul them in comparatively dry weather, al- 
though, in heavy rains and floods, the water is not perceptibly soiled from 
these impurities n 

We must say this doctrine is new to us, for we always considered 
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that the freshets should, if the water could be spared, be prevented 
from entering the reservoirs. 

Under their act of parliament the corporation are to take all the 
water of Longdendafe into their reservoirs, and supply a daily 
quantity to the millowners. This, Mr. Homersham affirms, will 
cause a greater expense for reservoirs, and will yield less water to 
the corporation ; and he contrasts it with the system adopted on the 
Peak Forest Canal, where all the water above a certain gauge goes 
into the canal reservoirs. 

When he says that reservoirs for the millowners have not an- 
swered (p. 44), and that therefore money is not laid out by the 
millowners in that way, leaving the inference that the corporation 
reservoirs will be found expensive and useless, we think he strains 
his case too much, for there are many difficulties in the case of 
millowners, as that of getting all the millowners and landowners on 
the stream to join, and the great expense of getting an act of par- 
liament. 

We must notice that there is a great deal of valuable matter in- 
cidental to the discussion of the several schemes, which may be 
usefully read by the engineer feeling an interest in this important 
branch of practice. Thus, Mr. Homersham discusses rain-gauges, 
the fall of rain, the duration of fall, evaporation, absorption, and 
filtration. We should like to see complete records of the move- 
ment of some considerable streams. Mr. Homersham says below 
that he has made such, and we wish he had published them. 

“ The quaotity of water flowing down streams fed from rain falling on 
the sides of hills varies with every passing shower; no one or two observa- 
tion* per day can possibly give anything like an accurate result ; a flood will 
sometimes last bat a few hours, and yet in this time it frequently happens 
more water will ran down the streams than at other times will flow down 
in as many weeks. 1 have had occasion to make observations on streams 
every hour in fine weather, and every half hour in showery weather for 
weeks together, day and night, and in unsettled states of the weather 
almost every measurement varied.*’ 

Mr. Homersham gives an estimate of the cost of the corporation 
works, which at five per cent, makes a yearly cost of 20,835/., while 
he asserts that the same quantity of water, of better quality, can 
be had of the Manchester, Sheffield, and Lincoln Railway Company 
for 15,968/. 15#. yearly, being a saving of nearly 25 per cent. All 
this, however, depends on what the real cost of the corporation 
works may be, and for that purpose we should have the estimate 
of their engineer, and not of Mr. Homersham. Indeed, the whole 
gist of the question lies upon this, which must likewise be the 
comment on his concluding statement. 

41 As you are aware, io the spring of last year the corporation could 
have made arrangements to secure for the use of the inhabitants of Man- 
chester, eight millions of gallons of filtered water per day (as much as will 
be required for the domestic use of the borough for some years to come), 
delivered at Marple, 820 feet above the high part of the town, for l^d. per 
1,000 gallons : in August last year (after having spent a large sum of money 
in opposing your scheme), the corporation, in conjunction with the Water- 
works Company, purchased of you, for three years certain, two hundred 
millions of gallons per annum of the same water unfiltered , to be delivered 
in .the Gorton reservoirs, at Id. per thousand gallons; or at double the 
price they might, by adopting a wiser course, a short time previously have 
secured the same water filtered'* 


EXPLOSIONS OF STEAM-BOILERS. 

TheCause * and Effects of Explosions in Steam-Engines Investigated ; 
and their result from an explosive principle different from the force of 
elastic steam demonstrated ; and conclusive evidence adduced that more 
than four-fifths of the weight and strength of the engine are required to 
sustain the explosive force : with an easy and certain means of prevent- 
ing its destructive effects , and reducing in great part the enormous 
weiyht of the engine. By John Wilder, New York. 1847. 

The elaborate title of this pamphlet fully explains the views and 
objects of the writer, who lives in the land of steam-boiler explo- 
sions, and seems to have had much experience therein. He com- 
mences by adducing a number of facts which are valuable in their 
way, but his inferences from them seem inconclusive, and often 
very fallacious. After mentioning several instances of the ex- 
plosion of cylindrical boilers, in which the ends were blown off and 
projected to great distances, he proceeds to make calculations of 
the strength of the relative parts of such boilers, and concludes, 
that “it is impossible that a cylindrical boiler should be rent 
asunder endwise by the force of elastic steam, since half the force 
requisite thereto would burst it open laterally.** The following is 
a specimen of the calculations on which he found this assumption : 

44 The diameter of the boiler which exploded at Baltimore, it stated in the 


Sun at 20 inches ; the circumference, therefore, 62*82 inches, one-fourth 
whereof, 15*705, multiplied by 20, the diameter, gives 314*1 square inches 
as the area of the end of the boiler ; but the whole periphery or ring resists 
the pressure on the ends, and its cohesive strength is the circumference, 
62*82 inches. In like manner the rectangular section of the boiler, made 
by a plane passing through a portion of the axis one-fourth of the circum- 
ference in length, is 15*705, multiplied by 20, the diameter, is equal to 
314*1 square inches, the area; and the pressure perpendicular thereto, the 
effect whereof is to burst open the boiler laterally, is resisted by the cohesive 
strength of half the circumference, 31*41, or the two portions of the ring or 
periphery, each 15*705 inches long : wherefore, in all cylindrical boilers, the 
amount of metal which resists the pressure on the ends is double the amount 
of metal which resists an equal lateral pressure ; and it appears impossible 
that they should be rent asunder endwise by the force of elastic steam, 
which can never exceed the strength of the boiler in which it is generated. 
The area of a circle is greatest in respect of its periphery, of any figure what- 
ever ; much less, therefore, can a boiler not cylindrical be rent asunder end- 
wise by the force of steam. But numerous cases have occurred wherein 
boilers have been rent asunder endwise, which could only be effected by an 
almost unlimited explosive power. No trace of such power is found in the 
history of boilers other than those of steam-engines ; nor in these has it been 
indicated by the safety-valve or steam-gsuge, although they show, with suffi- 
cient precision, the variations in the strength of steam. Against the force 
of elastic steam, as generated in a boiler, a properly loaded safety-valve ia a 
complete security, but it has not the least value as against the effects of ex- 
plosive action.*’ 

The u explosive principle,** to the action of which Mr. Wilder 
attributes most of the accidents in steam-engines, appears to be 
electricity, though it is not so stated distinctly. This force is, he 
conceives, generated principally in the valve chambers in the fol- 
lowing manner. 

“ It has been proved (?) that explosions in steam-engines are the conse- 
quence of the escape of elementary caloric from its combination with water 
or its vapour, and result directly from the removal, in the valve chamber of 
engines, of the compressing force which kept up the combination ; for when 
the steam-valve is opened, the steam which passes into the valve chamber 
has free space to expand and the caloric to escape, but that escape and the 
further opening of the valve must diminish in a degree the compressing 
force, and be followed by a farther escape of caloric ; but its amount and 
consequent action must depend more or less on the temperature and ex- 
pansive force of steam within the boiler. The occasional violence of its 
action is shown by the prodigious strength of the beams, cranks, Ac., which 
are sometimes broken. It is apparant from all considerations, that if the 
valve chambers be disused, and the steam let directly through the ends of 
the cylinder, the smallest clearance of the piston from the end, which does 
not admit its touching, will be the only vacant space for expansion and 
escape, and this need not be an hundredth part of the space in the valve 
chamber, and of consequence the explosive action cannot exceed the hun- 
dredth part of its present violence.** 

Though Mr. Wilder considers he has “ proved** his position as 
to the cause of explosions in steam-engines, we confess that his 
evidence is not sufficient to satisfy us; and his opinions are fre- 
quently formed on erroneous data. He adduces, again and again, 
as an illustration favourable to his theory, the explosion of a gun 
barrel when merely corked at the muzzle, but he does not seem 
fully to comprehend the cause of its exploding under such circum- 
stances ; which the explosive force of gunpowder is sufficient to 
account for, without the supposition that any new force is suddenly 
brought into action. Hign-pressure steam is, according to Mr. 
Wilder, “ the most elastic, yielding, and manageable of all prime 
movers,’* and only requires to be kept close, so as to prevent the 
escape of the “ elementary caloric,** to become as inexplosive as 
water power. W e might hence indeed infer, though probably Mr. 
Wilder is not prepared to go so far, that high-pressure steam is 
dangerous only when it escapes, and that what are usually con- 
sidered safety-valves ought to be regarded as generators of explo- 
sive force. 


Carbonic- Acid- Gas Engine. — Another attempt to apply carbonic acid gas 
as a motive power, has been brought before the notice of the Faria 
Academy of Sciences, by M. Jagu, C.E., who proves very satisfactorily the 
great power that may be readily gained by imparting a comparatively low 
temperature to carbonic acid gas ; but the difficult problem of condensing 
the gas, to render it again available, seems not to have been solved. M. 
Jagu calculates that, by suitable apparatus placed at each station, six 
atmospheres of carbonic acid gas may be compressed for an unlimited 
time, from whence the receiver may be filled. To make the gas re-enter 
the condensing apparatus with the absorption of as little power as possi- 
ble, he proposes to place a lever on each side of the engine, put in motion 
by eccentrics adapted to the first moving wheels ; at each extremity of the 
lever to be placed a winch, which will move two pistons of a given 
diameter, so that the gas may pass in and out. 
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APPARATUS FOR SUPPLYING BOILERS WITH WATER. 

Report (by Order of the American Government ) on an Apparatus for 
Supplying the Boilers of Marine Steam-Engines with a Continuous 
Supply of Fresh Water. Invented by Captain John Ericsson. — 
[From the Franklin Journal .] 

In acceptance of your invitation of the 17th ultimo, we, the 
undersigned, had the honour to meet together in the city of New 
York, with the view of testing and reporting upon an apparatus 
invented by Captain John Ericsson, for the purpose of supplying 
the boilers of marine steam-engines with a continuous supply of 
fresh water, and applied by him under your direction in the United 
States Revenue Steamer Legarl. 

We have now respectfully to report, that on the 23rd ultimo we 
embarked in the Leaare at 12 M., proceeded to sea, and remained 
on board till the following morning. During this time the boiler 
was in operation 15 hours, and we had ample opportunity of ex- 
amining the means employed for supplying it with water and the 
results produced. 

By the ordinary method of condensing steam in marine naviga- 
tion, boilers are supplied with the water of condensation , composed 
of the steam that is withdrawn from the boiler and the necessary 
quantity of salt water required for its condensation. Hence, a 
boiler in operation is constantly parting with steam (fresh water) 
and receiving salt water in exchange. The effect of this operation, 
uninfluenced by a correction, would be, that in a few hours a de- 
gree of saturation of the water in the boiler would be reached, that 
would precipitate upon the plates of the furnaces and flues, a scale 
of sufficient thickness to arrest the passage of the heat to the sur- 
rounding water and cause the destruction of the plates, by expos- 
ing them to a temperature destructive of their tenacity. The cor- 
rection in use is the removal of the water as it approaches satura- 
tion, and is effected by blowing , or pumping-off. 

In the operation of either of these methods, it is apparent that 
there is a loss of the heat that has been imparted* to the water 
blown or pumped off, that neglect to open or shut the blow-off 
cock, or in the admission of the required supply of water, involves 
the duration of the boiler and may, as it frequently does, involve 
the lives of the passengers and the crew, and the Bafety of the 
vessel. Even when all practicable attention is given to blowing- 
off, salt scale will be deposited in long voyages, particularly in the 
middle latitudes, and accumulate to an extent tnat renders its re- 
moval imperatively necessary. This is at all times a difficult, and 
even under the most favourable circumstances, an imperfect opera- 
tion, and when this deposit coats the surfaces of the flues, the con- 
sumption of fuel is increased to an extent unsuited to the economy 
of mercantile enterprise and to the duration of operation requisite 
for naval purposes. 

This evil may be avoided by furnishing the boilers with a full 
supply of fresh water, and as the weight could not be accommodated, 
nor tne space spared in a vessel for an instrument and its fuel for 
the sole purpose of distilling the quantity required, it is obvious 
that the steam furnished by a boiler must be returned to it, after 
being condensed by the radiation of its heat to cold surfaces, and 
not by the admixture of water. This method was proposed by 
James Watt, so early as the year 1776, and has been effected to 
some extent by an instrument invented by Mr. Samuel Hall, of 
England, and applied to the engines of many steam-vessels, in 
some of which, notwithstanding its imperfections, it is yet used. It 
has failed, however, to answer the full purposes desired and anti- 
cipated. 

In the arrangement of Mr. Hall a great number of thin metal 
tubes, from one-half to three-fourths of an inch in diameter, were 
placed vertically in a condenser and exposed to a current of cold 
water from the sea and into which the steam from the cylinder was 
admitted, for the abstraction of its heat by the radiation of it to the 
water without the tubes. Now it is evident, that, by this arrange- 
ment, the condensed steam would run down the inner surface of 
the tubes, in its passage presenting a non-conducting lining to 
them, and in its collection at their bottom an obstacle to the cur- 
rent of the steam and a diminution of the effective radiating sur- 
face. 

With this method of condensation, it will be perceived that this 
instrument provides alone for returning to the boiler, the water 
that has passed through the engine as steam. It follows, then, 
that all escapes of steam from the boiler or engine, or water-leaks 
from the boiler, pipes, &c., must be replaced by distillation, at an 
expense of fuel, directly as the evaporation. Further continued 
use of this instrument exhibited an oleaginous deposit upon the 
inner surface of the tubes from the use of oil and tallow in the 


steam cylinder and on the valve faces, which, acting as a non-con- 
ductor, materially obstructed the condensation of the steam. 

The apparatus of Captain Ericsson was designed to obviate the 
difficulties and deficiencies developed in that of Mr. Hall, and is 
composed of two distinct instruments, a Condenser and an Evapo- 
rator ; the first for the purpose of condensation, and the latter for 
a supply of fresh water to provide for any losses of steam or water 
from the boiler by escapes, leaks, gauge vents, &c. 

The Condenser is a cylindrical vessel set at a slight inclination 
from a horizontal line, containing the requisite extent of radiating 
surface in metal tubes of two inches bore, with an open space at 
each end. By this arrangement there is free space for the current 
of steam to pass and for the condensed steam to run down the 
lower side of the tubes, without presenting a lining of water to in- 
tercept radiation or an obstruction to the course of the steam. 
Connected with this is a pump, by which water from the sea is 
drawn in and forced through the spaces between the tubes and the 
inner surface of the shell of the condenser. Thus, the latent heat 
of the steam is absorbed by contact with the tubes, and condensa- 
tion is effected for the double purpose of affording a vacuum for the 
engine and of restoring fresh water to the boiler, for continuous 
evaporation and condensation, to meet the requirements of the 
engine. 

The Evaporator, as constructed, is a parallelopipedon with a 
semi-cylindrical top and bottom, the lower portion of which is oc- 
cupied by a number of tubes similar to those in the condenser, 
which communicate with a valve at each end of the steam cylinder, 
worked by the engine : around these tubes, and for some distance 
above them, water from the sea is admitted for the purpose of 
being evaporated, and the space above this water is open to the 
condenser and consequently in vacuo. This instrument being de- 
signed to furnish fresh water to replace that which way be lost, its 
operation is resorted to only as occasion may require, and is effected 
in the following manner : when the piston is near the termination 
of its stroke the valve referred to opens (above or below, as 
the case may be), and closes when the piston begins its return 
stroke ; by this arrangement, steam is withdrawn from the engine 
that has very nearly performed its full expansive effect, and pass- 
ing into the tubes of the evaporator its heat is absorbed by the 
water surrounding them, and as this water is in vacuo it readily 
boils at a low temperature, and its vapour being led to the tubes 
in the condenser, it is condensed with the steam from the cylinder 
and is supplied to the boiler. 

Upon the experimental trial to which you were pleased to re- 
quest our attention, all practicable arrangements for correct ob- 
servations were entered into ; and with a view to acquire full and 
progressive notes of the operations of the apparatus, the observa- 
tions of the various points were confided to special committees, 
which upon the conclusion of the trial, reported full notes for fur- 
nishing the following, viz. : 

The boiler was mled with fresji water from above the opening 
of the blow-off cock ; below this, salt water had been left, fiom an 
impression of its effect being too inconsiderable to authorise its 
removal. 

At the commencement of the operation of the engine, the water in the 
hoiler as indicated by a saline hydrometer, when at a temperature of 150° 
Fahrenheit, was 

The highest temperature of the feed water observed was 158° Fahrenheit. 

The lowest 132°, and the average 150°. 

The highest vacuum observed was from 16 to 18 inches. 

The lowest from 1 1 to 15, and the average was from 12 to 15 inches. 

The highest steam pressure was 54 lb. mercurial gauge. 

The lowest was 20 lb., and the average was 48*6 lb. 

The highest number of revolutions was 47 per minute. 

The lowest number was 30, and the average 42*3 

The point of cutting off was at three-eighths of the stroke. 

The temperature of the sea water was 57. 

Duration of operation ot the engine and boiler 14 hours and 20 minutes. 

Time during which steam was raised, 20 hours. 

Dimbnsions or Enoinb, Ac. 

Cylinder. — 36 inches in diameter, with a stroke of piston of 32 inches. 

Boiler. — 1,400 square feet of beating surface. 

Condenser.— 637 square feet of radiating surface. 

Evaporator. — 100 square feet of heating surface. 

Upon coming-to, the freshness of the water was again tested, 
and when at a temperature of 150° by a different thermometer than 
that used at the first operation (it having been broken in the in- 
terim), the hydrometer indicated *£$ ; whether this difference in 
the indications is to be attributed to a change in the density of the 
water or to a difference in the thermometers, they being of di fferen t 

* 1242 being the point of satarnUon of outer when at n teaperatnre of 200°. 
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manufactures, we are unable to decide ; fortunately the difference 
is. quite inconsiderable, and is not regarded as deserving of further 
consideration. 

So soon as the temperature of the Condenser was reduced to a 
degree that rendered an examination of it practicable, one of its 
heads was removed in our presence, and the tubes, when examined, 
were entirely free from any deposit or incrustation upon their sur- 
faces, and the opinion is entertained, that at a temperature of feed 
water commensurate with economy of fuel, any difficulty from the 
deposit of oleaginous matter in this instrument is not to be appre- 
hended. 

Regarding the particular performances of the Condenser and 
Evaporator, it appeared that Capt. Ericsson had relied too con- 
fidently on a general current of the cold water through the former 
instrument, whereas the current was quite partial, being but 
directly through its narrowest part, the sides of it^ hence, the 
upper portion of it was almost inoperative — this feature was clearly 
developed by the application of a hand along the surface — while 
the effect of it was apparent in the moderate condensation indi- 
cated by an attached mercurial gauge. 

Of the Evaporator, its capacity was clearly shown, in the facility 
with which tne level of tne water in the boiler could be raised 
through the space between two gauge-cocks, and by a resort to its 
operation not being necessary for more than one-tenth of the 
time. 

Immediately after the close of this trial, measures were taken to 
effect a diffused operation of the cold water, and as diaphragms 
could not be introduced between the tubes to alter the current of 
the water, without incurring an impracticable delay, the expedient 
of causing the steam to circulate through the tubes was resorted 
to, and was effected by the application of diaphragms in the open 
space at each end of the tubes. Upon the completion of this, a 
further trial was had on Friday, the 1st inst., when several obser- 
vations furnished the following : — 

Pressure of steam, 50 pounds mercurial gauge. 

Revolutions, 47 per minute. 

Vacuum, 20*5 inches. 

Temperature of feed water, 150° Fahrenheit. 

Temperature of sea water, 62° „ 

Compared with the ordinary method of condensation, the value 
of the method observed is determined by an investigation and con- 
sideration of the following points, viz. : Evaporation, Pressures, 
Consumption of Fuel, Safety and Duration of tne Boiler. 


1. — Evaporation. Ordinary Method. 
Temperature qf Feed Water , 100° Fahrenheit. 
Temperature of sensible and latent heats of steam, 1192° 
Deduct temperature of feed water, . . 100° 


Heat to be added, .. .. 1092° 

New Method. 

Temperature of Feed Witter , 150° Fahrenheit , 
Temperature of sensible and latent beats . . 1192° 

Deduct temperature of feed water .. 150° 


Heat to he added .. .. 1042° 


1042 *954 . . _ . . . . 4 

Then — — w foch represents a gain in the evaporating temperature 

in the new method of 4*56 per cent. 

2.— Prkstomes. Ordinary Method 
• Pressure of stetm —mercurial geage 50 ft. 

Vacuum, 2d inches .. .. * 13*7 lb. 


•63*7 ft. 

Cut off at three -eight h»of fhettroke. 

Effective pressure on the piston . . •■47ft. 

New Method. 

Pressure of steam . . . . 50 ft. 

Vacuum, 20*5 inches . . . . . . « 10 ft. 


GO ft. 

» . Effective pressure on the piston . . 44'5‘ft. 

^ 47 1*05 

Then which represents a loss in pressure by the new method 

f ’ ‘ 44*5 1*00 

of 5 per cent. 

3. — CoNSummoN or Furl. Ordinary Method. 

Iri the Gulf of Mexico and between the Tropics, it is neres^ary to hlow- 
piff, when a hydrometer constructed similar to the one already referred to 
indicates ; in the Northern and Southern Atlantic and Pacific oceans, When 
2*5 2* 4* 2*5 

it indicates * . Hence — - — « 2 .25 the -average point for b!owing*off. 
a jL 


./O 

As the average degree of saturation of feed water is 3 2 '* the quantity of 

water blown off compared to that fed to a boiler is as ‘75 to 2*25, which is 
in the proportion of 1 to 3. 

Temperature of the water blown off at the pressure and degree of satura- 
tion given .. .. .. .. 290° 

Deduct temperature of feed water .. 100° 

Temperature lost by blowing* off .. 190° 

As the heat to be added for the purpose of evaporation is 1092®— 
1092 x 3 — 1, the proportion of feed water evaporated, ■>2184° 

And 190 x 3 — 2 the proportion of feed water blown off 190° 

The heat absorbed, is .. 2374° 

190 *08 

Thun w h*°h represents the loss of heat by blowing off in the 

40/4 1*UU 

ordinary method of 8 per cent. 

Summary of Results. 

Gain by Evaporation .. .. 4 56 per cent. 

Ditto by Consumption of fuel . . . . 8*00 „ 

12*56 „ 

Loss by Pressure .. .. .. .. 5 00 

Total .. .. 7*56 

Which is a saving in the expenditure of heat* affording a like 
economy in the consumption of fuel and altogether independent of 
the loss of heat, by the presence of scale in a boiler, when salt 
water is used, and from leaks incurred by the oxidizing effects of 
salt water. 

With the Ordinary Method , the level of the water in a boiler ia 
constantly varying from one or both of the following causes, viz. : 
the quantity of the water blown off, or the particular extent of 
opening of the feed-valve ; while the effective operation of the 
feed-pump and neglect of the blow-off valve, involves the burning,, 
or an explosion of the boiler. 

With the New Method , these operations are set aside : thus, 
blowing off is unnecessary, and the supply to the boiler being first 
obtained from it, the transit being immediate and the communica- 
tion incapable of restriction (for if the condensed water was not 
taken off by the feed pump, the condenser would choke and become 
inoperative), there can be no decrease in the level of the water, 
other than that arising from leaks of water and steam. Further, 
the use of fresh water in a boiler will extend the term of its dura- 
tion from three and five years to seven and nine. 

With a further modification of the condenser, establishing a 
more diffused current of the cold water, it is evident that a full 
vacuum may be obtained, as the practicability of attaining this end 
by external condensation has long since been developed, and with 
a less proportion of radiating surface than is exposed m the instru- 
ment referred to. From the analysis however here given regarding 
pressures and temperatures, it would appear that a full vacuum, 
with corresponding reduction of the temperature of the feed water 
is not authorised ; and as such departure from the hitherto prac- 
tice, furnishes the temperature necessary to prevent any oleaginous 
deposit upon the surface of the tubes of the condenser, practice 
and utility are in desired harmony. 

A very effective and economical element in steam navigation 
arises with the operation of this new method, from the absence of 
scale in the boiler, the presence of which is unavoidable where salt 
water is used, and to avoid the formation of it as far as practicable^ 
other than a low temperature and corresponding pressure are pre- 
cluded by the waste of fuel and injury to the boiler consequent 
upon the existence of this scale, acting as a new conductor of the 
heat to the water — whereas, with the use of fresh water, higher 
pressures can be worked and economy of fuel attained in an in- 
creased expansion of the steam. 

Reviewing the facts herein presented, we are of the opinion that 
the operation of the apparatus of Captain Ericsson, as far as de- 
veloped, was eminently successful, ana that, with the modification 
of tne condenser suggested, a higher degree of vacuum can be 
readily obtained. In view of the very great importance of the 
successful introduction of this method of condensation in the mer- 
chant and naval services, we recommend to your consideration the 
propriety of sending the Legare on a distant cruise, for the pur- 
pose of developing the advantages of the apparatus by continued 
and extended use. 

Charles H. Haswhll, 

Engineer •in- Chief U. S. N. 

New York , Oct. 31, 1847. &c. &c. &c. 
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DECOMPOSING POWER OF WATER. 

On the Decomposing Power of Water at High Temperatures, By 
Richxbd Tilghmxn. (Read before the American Philosophical 
Society, Philadelphia. [ From the Franklin Journal,'] 

It has long been noticed, that partial decomposition is often 
•effected in attempting to render anhydrous, by heat, certain salts 
which require a comparatively high temperature for the expulsion 
of their watery crystallization. This effect is not limited to those 
salts which are capable of decomposition by the action of heat 
alone, but extends to many which, when previously rendered an- 
hydrous, are entirely unaffected by this agent. The chloride of 
magnesium offers a striking instance of such an action, being 
almost entirely reduced to magnesia, with escape of hydrochloric 
acid, when its solution is evaporated by a strong heat ; the anhy- 
drous chloride, when obtained by other processes, is, on the con- 
trary, unaffected by the highest neat. 

Even chloride of calcium, a salt of much stronger radical base, 
has been observed to give off a portion of acid, when all its water 
nf crystallization is driven off by a red heat. In these and many 
other instances, it seems evident that the escaping water of the 
salt is the actual decomposing agent, and that tne intensity of its 
action depends solely upon the degree of heat which the salt can 
sustain before giving it off. 

Contact of the salt and water, at high temperatures, appears to 
be the only requisite of decomposition. It was therefore thought 
probable, that by exposing the salt, even in its anhydrous state, to 
a high heat, and passing over it a current of aqueous vapour, 
raised to a similar temperature, not only might the above-men- 
tioned salts be completely decomposed, but also that many others 
which have hitherto £iven no such signs of partial decomposition, 
might be acted upon in a similar manner. 

On making the experiment, it was found, that not only the an- 
hydrous chloride of calcium, but also the chlorides of strontium 
and barium could be rapidly decomposed by exposing them, at a 
high red heat, to a current of steam ; hydrochloric acid was copi- 
ously evolved, and escaped along with the excess of steam, while 
the bases of the respective salts were left in a free state ; the lime 
remaining anhydrous from the intensity of the heat employed, 
while the baryta and strontia combined with a portion of aqueous 
vapour, and were found in a state of hydrates. 

In these haloid salts, it is to be observed, that the addition of 
the elements of water is absolutely essential to the decomposition ; 
as neither the hydrogen which is contained in the acid, nor the 
oxygen in the base, existed in the anhydrous salt. The action is, 
therefore, the result of a double decomposition between the steam 
and the chloride, as well as of the affinity of the liberated acid and 
base for water. 

The oxysalts, and the sulphates of magnesia, lime, strontia, and 
baryta, unlike the haloid salts just mentioned, contain, even in the 
anhydrous state, all the elements generally considered necessary 
for the separate existence of the acid and bases of which they are 
composed. The application of the strongest heats to these salts, 
causes, however, no liberation of their acid ; but, as with the chlo- 
rides, this effect is immediately produced by the passage of a cur- 
rent of steam over them at a high temperature, the baryta and 
strontia being left in the state of hydrates, and the other bases an- 
hydrous. 

The intensity of the affinity between the acid and base of the 
respective salts, is curiously illustrated by the gradual increase of 
the heat necessary for their decomposition by the aqueous vapour. 
Thus the sulphate of magnesia gives off its acid to the current 
of steam at a low red heat, and consequently a large portion of the 
acid may be condensed in an undecomposea state The sulphate 
•of lime requires a high red heat for its decomposition, and on this 
account the greater part of its acid is resolved into sulphureous 
add and oxygen gas. The decomposition of the sulphates of 
strontia and baryta, requires progressively higher heats, w hich, in 
the case of the last salt, must be raised even to low whiteness. 

The subphosphate of lime, as it contains an acid much less vola- 
tile than sulphuric, combined with an excess of a powerful base, 
which adds to its stability, was selected as one of the most difficult 
tests of this decomposing power of aqueous vapour : by a full 
white heat, however, its phosphoric acid was slow ly disengaged. 
This phosphoric acid gave a white precipitate with nitrate of 
silver, showing that its liberation and subsequent condensation in 
contact with a great excess of aqueous vapour, had not prevented 
that change which heat is known to produce upon this acid. 

It might be expected from the decomposition of the salts of 
baryta, that the sulphates and muriates of potatih and soda would 


undergo the same change with even greater facility. But it was 
found by experiment, that although the decomposition of these 
last salts commenced with facility, when they were exposed to 
steam at a red heat, yet the proportion of alkali thus liberated, 
never exceeded a very small per cent age of the residual salt, how- 
ever long the operation might be contained. Attributing this pe- 
culiarity to the volatile nature of the liberated hydrates of potash 
and soda at high temperatures, substances capable of forming non- 
volatile combinations with the alkalies were mixed with their salts, 
previously to subjecting them to the action of the steam ; the 
acids were then found to be completely disengaged with facility. 
The fact that both lime and magnesia, substances capable of form- 
ing chemical combinations of but the most feeble character with 
potash and soda, were found to produce the above effect, was con- 
sidered as confirming, in a great measure, the hypothesis that the 
volatility of their hydrates was the cause of the apparent dfficulty 
of completely decomposing the salts of these alkalies. 

The subphosphates and subsilicates of lime, baryta, and strontia, 
act in the same manner as lime and magnesia, and in all these 
cases the chemical combination is so feeble that, when cold, the 
alkali is disengaged by the solvent powers of w'ater alone. 

Alumina, which possesses so much of the acid character with re- 
spect to the strong bases, is proportionably more efficient than any 
of the preceding substances in aiding the decomposition of the 
alkaline salts : it refcnains in combination with the alkali, when 
cold, as a soluble aluminate ; but is easily precipitated from its 
solution by a current of carbonic acid gas. 

The calcination of potash alum leaves a mixture of alumina 
and sulphate of potash, which Berthier has long since stated to 
be converted into aluminate of potash by the continued action of 
heat alone, the sulphuric acid being expelled from the potash by 
the superior affinity of the alumina at a high temperature. By 
several careful repetitions of his experiment, in which the acci- 
dental presence of aqueous vapours was entirely prevented, no de- 
composition of this kind could be effected, even at a white heat. But 
by tne contact of aqueous vapour, produced by the combustion of 
the fuel or otherwise, even in small quantity, and at much lower 
temperatures, the decomposition is rapidly produced. It therefore 
seems probable that the accidental contact of aqueous vapour was 
the actual but unnoticed cause of the decomposition in Berthier a 
experiment. 

The powerful action of aqueous vapour upon anhydrous alum at 
a high temperature, suggested the possibility that a similar action 
might take place upon its mineral representative, the double sili- 
cate of alumina and potash, or common felspar. It will be re- 
membered that this salt, by the simple substitution of sulphuric 
for the silicic acid which it contains, would be converted into an- 
hydrous alum. To the action of heat alone, felspar presents this 
difference from alum, that the silicate of alumina is as unaffected 
by it as the silicate of potash itself ; so that to produce an effect 
upon felspar analogous to that upon alum, the silicic acid of both 
the silicate of alumina and of the silicate of potash would have to 
be removed. Silicic acid, in a free state, having been long know* 
to be slightly volatile in aqueous vapoui at high temperatures, it 
was thought that, in the present case, it might, like the other acids, 
be disengaged even from a state of chemical combination, by the 
same agents. Steam was therefore passed slowly, for some time, 
over small fragments of highly-heated felspar. Beyond partial 
fusion, no other visible change than a considerable degree of vesi- 
cularity in the parts most exposed was produced. Theae frag- 
ments, being finely pulverised and boiled in water, the concentrated 
solution was strongly alkaline, and proved, by the usual tests, to 
consist of aluminate of potash. 

After water ceases to extract aluminate of potash from the 
powdered mineral, dilute sulphuric acid will produce from the 
residue a small portion of alum. The actual analogy between 
alum and felspar, substances so distinct in their origin and general 
properties, yet differing only in the nature of tneir respective 
acids, is rendered still more striking by both thus yielding the 
same product, when deprived of their acids by the same agent. It 
is worthy of remark, that, although the actual contact of the 
steam in this experiment is confined to the mere surface of the 
small fragments of felspar, yet the chemical decomposition pro- 
duced by it is not confined to that surface, but spreads by a 
“cementation action,” through then* entire mass : pulverization is, 
therefore, required to obtain evidence of th& internal sfliange which 
has been produced. 

All the experiments, so far made, would indicate that the follow- 
ing was the general rule applicable to all salts capable of sustaining 
heat alone without decomposition : — 

Whenever a salt, from its own elements alone, or by the - a d n t- 
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tion of those of water, can produce a volatile acid and a fixed 
base, the evolution of this acid and the liberation of this base 
will be determined by passing a current of aqueous vapour over 
the salt raised to a high temperature. When either the acid or 
base to be liberated forms a combination with water which can re- 
sist decomposition by the heat employed, the tendency to form such 
hydrates adds much to the decomposing power of the aqueous 
vapour. Although potash and soda are not by themselves fixed 
bases at high temperatures, yet by the use of the substances 
before mentioned, they can form combinations which are fixed, 
and by this means their salts come under the above rule. 

The actual number of salts which have as yet been subjected to 
this mode of decomposition, is not very large ; yet, from their per- 
fect analogy of composition with many others, there can be but 
little doubt of the general extension of the principle. 

The chlorides of potassium, sodium, barium, strontium, and 
calcium, being all tnus decomposed, the bromides, iodides, and 
fluorides of the same and all weaker bases, must probably act in 
the same manner. The fluoride of calcium, has, in fact, been 
found to do so, by experiment, hydrofluoric acid being freely 
evolved. In the same manner, from the decomposition of the 
sulphates, may be inferred that of the seleniates ; from the sili- 
cates, that of the borates. 

The applicability of this simple mode of decomposition to the 
explanation of a great variety of geological changes, is too evi- 
dent to escape the attention of those conversant with that science. 
Inn future paper I hope to be able to give a more complete ac- 
count of some interesting facts which have been observed in con- 
nection with this subject, and to verify, by experiment, many points 
which must at present be left to inference and conjecture. In 
fact, although the existence of this law of decomposition was as- 
certained in 1842, yet it has only been within a few months that I 
have been able to give much attention to its investigation, which 
must be my excuse for the imperfect and hurried manner in which 
it is now communicated. 


PBOOSBDZNaS OF 8CZSNTZFZC SOCIETIES. 

INSTITUTION OF MECHANICAL ENGINEERS. 

April 26. — At the quarterly meeting which took place in the theatre of 
the Philosophical Institution, Birmingham, George Stephenson, Esq., 
President, in the Chair, the following papers were read : — 

CYLINDER-BORING MACHINE. 

“ On l fie Fill ting -up qf Cylinders for Locomotive Engines, and a descrip- 
tion qf a Machine for Boring them .” By Mr. C. Bktxr. 

In the absence of Mr. Beyer, Mr. Fothergill described the machine in- 
troduced at the last meeting, but the consideration of which was not then 
entered upon. [See Journal, p. 88.] Its object is to attain a uniformity in the 
make, bore, and general size of cylinders, so that, in the event of an acci- 
dent, they may be replaced by spare ones. To accomplish this difficult task, 
the machine now described was invented. The description of this ma- 
chine, which would require diagrams to make it intelligible, is briefly 
this : — The bed upon which it is placed is that of a common slide-latbe, 
sufficiently long to carry a double set of driving-gear, and admitting of the 
sufficient traverse of the boring-carriage. The boring-bar is supported by 
three bearings, the former of which is stationary, and firmly fixed to the 
Bed, to resist the end pressure of the cot when boring ; the latter are fixed 
upon the carriage, and travel with it along the boring- bar. To cause the 
boring-carriage to move edgeways, a train of wheels descend at the back of 
the machine to give motion to the shaft, and are transfixed by means of a 
feathered worm, to the worm-wheel and pinion, both of which move loose 
upon a fast stud of the carriage; this same stud serving as a fulcrum for a 
lever, carrying, upon two opposite projections, the intermediate pinions. 
To hold the cylinders while boring, the top of the carriage is formed into a 
kind of square panel, by means of two plates, planed on the inside, and 
fastened to the sides of the bearings, and two cross-stretches. These 
latter are also planed upon their inner faces, and are secured to the sides 
and top of the boring-carriage, and have holes bored in them when se- 
cured in their places, by means of the bend on the bar, corresponding in 
diameter to the turned projecting ends of the cylinder to be bored. This 
arrangement is for the purpose of securing uniformity between the exter- 
nal and internal surface, so that the cylinder be fairly perforated, without 
the dangerous fault of thick aod thin sides. 

Mr. Fothergill proceeded to explain the diagrams which accompanied 
the paper, aod remarked that, without offering any criticism on the machine, 
which appeared to him to be admirable for its purpose, he would merely 
direct the attention of the members to the great advantages which stich 
an invention must confer on those by whom these cylinders were used. 
Say, that one of those in use split— by this machine they bad the defect 
supplied immediately. 


Mr. M ( Connell&1so bore testimony to the advantages of a uniformity of 
cylinder. An accident occured to one of the cylinders in use on the line 
with which he was connected. An order was forthwith despatched to 
Manchester, and in three days he bad another, which fitted exactly the 
place occupied by the first. 


ON THE FORMATION OF TEETH OF DRIVERS OF PIN-WHEELS- 

The Secretary read a paper, descriptive of u A Machine for Forming the 
Teeth qf Wheels” By F. Bashforth, M.A., fellow of St John's College, 
Cambridge. 

The paper was accompanied by a model. Referring to Prof. Willis’s 
demonstrations, that the proper form for the teeth of spur-wheels is a com- 
pound of portions of epicycloids and bypocycloids, he remarked that no 
self-acting machinery had been applied to give those forms of metal wheels 
when mounted oo their axes. The principle of the invention submitted to 
the Institution was the well-known one, that if the pios be supposed to be 
mathematical lines, the proper forms of the teeth of the driver will be por- 
tions of the epicycloids, described by a point in the circumference of the 
pitch circle of the pin- wheel, when caused to roll on the pitch circle of the 
driver. The tracer being replaced by a cylindrical cutter, this, as it re- 
volves on its axis, will form with accuracy the interval between the two 
teeth of the driver. By turning the wheel to be cnt through the proper 
angle, the interval between the next two teeth will be formed, and so on 
till the whole be completed. He proposed that the pins should be formed 
in two parts ; a solid cylinder surrounded by a tube of iron ; aod when 
the tooth of the driver came in contact with the outer case of the pin, it 
would revolve through a small angle, and thus all abraaioo of the teeth of 
the driver would be avoided. 

Mr. M‘Connell was unable to see wherein the model before them dif- 
fered from the plan now in ose. In fact, it was nothing more than the old 
cog-and-drum plan. Probably the idea occured to the inventor without 
any knowledge of the existing machines, and, if so, he deserved commen- 
dation for his ingenuity. « 

Mr. Cowper could not entirely agree with Mr. M ( Connell. The teeth, 
by this machine, were made by a given mathematical rule. That was the 
only self-acting machine he bad seen that struck a real epicycloid. 

Mr. Fothsrgill was unable to see anything in the machine practically 
different to those longer in use. If, however, the inventor was an amateur, 
great credit was doe to him for the inventive ability he had displayed in 
the model before them. 


CRADDOCK'S BOILER AND CONDENSER. 

Mr. T. • Craddock, of Birmingham, read a paper 44 On hit Improved 
Boiler and Condenser — their Suitability for Extending the Cornish Economy , 
and Preventing Boiler Explosions ." 

In submitting to the meeting the subject of this paper, it appears de- 
sirable to call attention to the well-established practical data, from which, 
by the Cornish system of generating and usiog steam, such economical re- 
sults have been obtained. To this end, a very brief review of the various 
laws, or principles, immediately bearing upon the subject, seems to be es- 
sential for placing the matter in its proper light before the meeting. For 
this purpose, perhaps the classified mode is the preferable one. 

1. We have to do with the laws by which heat is transmitted from 
hotter to colder bodies, and vice vend. These demand in our steam-boilers 
and condensers an extensive surface; aod, as far as other circumstances 
will allow of, that such surface be composed of thin metal. It is further 
necessary, if we would produce the greatest economy in the generation of 
steam, that the heat produced in the furnace be, to as great an extent as 
possible, absorbed by the water ; this is best effected by a subdivision of 
the gases by a slow draught, and by completely surrounding the combusti- 
ble matter in the furnace by the water in the boiler. 

2. The hydrostatic laws require, in order to render high-pressure steam 
equally safe from explosion as low-pressure, that we dimioish the sec- 
tional area of the interior surface of the boiler, opon which the pressure 
of the steam acts, in the same ratio as we increase its pressure. If we do 
this, then the rending force, tending to burst the boiler, remains the same 
at whatever pressure the steam be generated. 

8. The laws relatiog to latent aod sensible heat, when considered in 
combination with large volumes of water, and subjected to the casualties 
attending the steam-engine, suggests the diminishing the quantity of water 
necessary in steam-boilers, as far as practical circumstancs will permit, as 
one of the surest means of preventing destructive boiler explosions. The 
importance which attaches to the suggestions these laws present becomes 
apparent when we coosider the effects in case of explosion, which such an 
amount of sensible heat produced, as that contained in the large volume of 
water necessitated in boilers of 60-borse-power, for instance, aod of the 
usual construction, as the sensible heat contained in so large a volume of 
water would, supposing the pressure of the steam to diminish from 40 lb. 
to 20 lb. per square inch, generate a volume of steam, at 20 lb. pressure, 
equal to 80,000 cubic feet Here we have a cause equivalent to the dif- 
fusive aod destructive effects exhibited in common and large boiler explo- 
sions. The boiler to which this psper refers, reduces the danger from this 
cause nine-tenths, though the steam be generated in it at a temperature 
and pressure of 100 lb. per square inch. In this case we find the sensible 
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heat contained in the water required by each boilers, would give bat 
S.OOO cubic feet of steam at 20 lb. pressure. The boiler under considera- 
tion is equally successful in diminishing the risk from explosion, arising 
from the rending strain due to the pressure of the steam— as, ou a com- 
parison with the common boiler, in which we suppose the steam at only 
16 lb. pressure, the rending force in such common boiler is 5,400 lb ; whilst 
in the tubular, even with 100 lb. pressure, the rending force amounts only 
to 900 lb., or but one-sixth of that given in the instance of the common 
boiler. The most obvious and certain conclusion to which such well- 
established principles lead, cannot fail to show how ill-grounded and 
unscientific must be the objections raised against high-pressure steam, 
when generated in such boilers. 

4. The laws relatiog to the expansive action of steam plainly indicate 
the importance of the two leading features of the matter before the meeting 
— viz. : that of removing the atmospheric pressure from the exhaust side 
of the piston on the one hand, and. on the other, enabling os to make use 
of high-pressure steam with safety ; as by the removal of the atmosphere 
in non-condeosing engines, an economy is produced by this cause alone 
equal to S8 per cent. ; and, by increasing the pressure of the steam at the 
commencement, can be obtained a further increased economy upon the 
Coroish system, equal to 40 per cent. 

[Mr. Craddock here described, by means of plans, bis boiler and con* 
denser.] 

Considerable discussion ensued upon the reading of this paper; the 
principal objections to the conclusion said to be arrived at were those 
raised by Mr. M'Connell. It was asked by him, if any trial had been 
made with the engine in actual work? Mr. Craddock replied, that the 
trial he deemed most proper to submit to the meeting was that made at 
the London Works (Smethwick), because it must be free from all suspi- 
cion ; and that to the authenticity of the indicator figures taken off the 
engine when there, he had no doubt Mr. Cowper would satisfy the meet- 
ing. 

Mr. Cowper said, he had taken some iodicatorfigures off the engine, and 
that it was then doing 20-horse power — that is, indicator horse-power ; the 
condenser then took l£-borse power to work it. 

Mr. M'Connell then raised an objection, that the engine was not tested 
with the other engines working at the London Works. 

Mr. Craddock replied, that he bad always expressed a wish that it 
should be so tested, but the firm not intimating its assent, it was not for 
him (Mr. C.) to insist upon anything of the kind. 

Mr. Stephenson, Mr. M'Connell, and Mr. Buckle said, that the test of 
pumping water, or some such work, was the best test of power. 

Mr. Craddock replied, that he was a little surprised that Mr. Buckle, 
the representative of an ancient and eminent firm, should object to the in- 
dicator as a fair test of the power of the engine, when it was well known 
that the indicator was the instrument used by them to test the power of 
their own engines. 

It was argued by Mr. Crampton, that the only advantages the double- 
cylinder engine possessed over the single ooe was greater steadiness of 
motion ; but this did not compensate for the loss of power, which, he con- 
sidered, arose from the use of two cylinders, in the steam passing from the 
one piston.to the other. Some time ago, be bad made some elaborate ex- 
periments ftpon that very subject, and his conclusions then^were, that the 
loss amounted to 14 per cent. 

Mr. Craddock replied ta Mr. Crampton, by admitting a loss in the ex- 
pansion, which took place between the two pistons ; but, in the small 
eogine before the meetiog, it was obvious that this was reduced to the 
smallest possible amount: be further called Mr. Cramptoo's attention to 
the great irregularity of motion that would resnlt by carrying the expan- 
sive principle to a great extent into ooe cylinder. Mr. Craddock here 
referred to an experiment made on the previous evening with the small 
engine before the meetiog ; it was scarcely pecessary for him to remind the 
meetiog, that in so small an engine, when first started, the friction was con- 
siderable; yet it bad worked up to its speed, with the steam cut off at 
l-60th of the stroke. 

Mr. Crampton replied, that the steam would lose all its power before 
expanding to such an extent. 

Mr. Craddock said, if Mr. Crampton would favour him with a call at 
the Works, be would show him the fact experimentally. He wished fur- 
ther to remind the meetiog that, from bis own experiments, be was con- 
vinced that, by admitting high-pressure steam direct from the boiler into 
one cylinder, much of it was condensed by the comparatively cold metal 
of such cylinder; and that the water resulting therefrom, being in contact 
with the metal of the cylinder, did, when placed in communication 
with the condenser, again assume the form of steam, thereby uselessly car- 
rying much heat from the boiler to the condenser, without producing me- 
chanical effect But as he had stated his views upon this subject else* 
where, and as it may appear to the meeting a somewhat abstruse subject, 
if not an hypothetical ooe, he would not trespass upon the meeting by any 
further remarks upon it 

Mr. M*Connell said, that he was somewhat surprised that after the 
length of time which Mr. Craddock had devoted to the subject under die- 
oosion, be bad not arrived at some more accurate data, and bad not made 
up his mind as to the real capability and comparative advantages of his 
boiler. 

Mr. Craddock replied, that although he had certainly devoted much 
t&me.lo the practical consideration of the subject, he had not directly 
deduced such accurate data as would justify him in atatiog definitely the 


comparative merits as to economy of coals in the generation of a given 
weight of steam ; but, nevertheless, if Mr. M‘ Coo Dell would favour him 
with a call at the Works, he had no doubt be should be able to show him 
he had not been idle, but he had been driving after great points, knowing 
full well (hat on these depended the economy. 

Mr. M*Connell said, that it appeared to him that the condenser was most 
valuable for marine purposes. 

Mr. Craddock replied, that its advantages for such purpose may be 
stated in a few words, as the condenser would ensure water, free from de- 
posit, for the use of the boiler, thereby rendering tubular boilers practica- 
ble, they enabliog us to generate high-pressure steam with safety ; aod 
thus, by carrying out the expansive principle, with other consequent ad- 
vantages, a saving of £2,000,000 sterling per annum may be effected in 
our steam navy. 

Mr. Jackson proposed, that io order to test the relative value of the 
single and double cylinder engine, aod set that question at rest— at least 
so far as that Society was concerned— Mr. Crampton be requested to pre- 
pare a paper aod diagrams on the subject, to be laid before the members at 
a subsequent meeting. 

Mr. Craddock suggested, that a more conclusive test would be that of 
an engine having two cylinders, one of which could be readily thrown out 
of action ; its being connected with the same boiler, expandiug the steam 
to the same extent, and performing the same work— the steam aod coal re- 
quired, in both cases, being accurately weighed — would give the most 
satisfactory solution. 

The request to Mr. Crampton being carried unanimously, he (Mr. 
Craddock) consented to comply with such request. 


HYDRAULIC STARTING APPARATUS. 

Mr. PoTHRRGiLL read a paper, descriptive of “ A Hydraulic Apparatus , 
for Connecting Heavy Machinery , and Ditengaging the tame from the Prime 
Mover , without producing thotc Sudden Shocht which the ute qf Ordinary 
ChUchet occatian.” By Mr. Jackson. 

A level pinion is supposed to be connected with the engine, or other prime 
mover, and gears into a bevil wheel, to which ia cast a rim, which is turned 
internally. The wheel turns loose upon a shaft, being lined with a brass 
bush ; the shaft, however, is provided with four projections, through each of 
which a hole is bored — the centre lines of these holes lying in one horizontal 
plane, and meeting in one common central chamber. In these holes four 
rams, which are respectively cast of one piece, with blocks, are fitted, the 
blocks being lined with copper, and turned, so as to fit the internal surface 
of the rim. Supposing that the machinery, which is assumed to be con- 
nected with the shaft, required to be started, hydraulic pressure is applied 
to the under rams, by pressing the ram which is in the shaft down upon a 
column of water, also contained in the shaft and the common central cham- 
ber, by means of a fly-wheel, which, with its nut and a screw, forms one 
piece with the ram — this ram, the nut, and screw, being guided and sup- 
ported by a brass box, which is screwed into the upper end of the ahaft. It 
is evident, that on the ram in the shaft being thus pressed down, the under 
rams will gradually and simultaneonsly press the segments against the inter- 
nal surface of the rim, with a power proportionate to the force applied at the 
circumference of the fly-wheel, until the friction produced by such pressure 
shall be equal to the resistance of the machine to be set in motion. The 
machine will, therefore, gradually assume the velocity, which, according to 
the speed of the driving-shaft, it ought to have ; at the same time, that any 
extraordinary momentary resistance, such as might be supposed to occur 
occasionally in rolling-mills, or other machinery of a similar nature, instead 
of causing the wheel to break, will have a tendency to make the rim to flip 
on the segment nntil the obstacle be removed, or overcome. In order, how- 
ever, that too great a pressure may not be applied to the lower rams, the 
upper one and the screw are perforated with a small opening, the extremity 
of which is closed by a valve, acted upon by a spiral spring, encased in the 
brass box — so that if, at any time, the pressure exerted upon the rams 
should exceed that to which tbe spring is regulated, the water would lift the 
valve, and escape through it into the box, and through an opening in the lid 
of tbe latter into the atmosphere, until the balance of the pressure was again 
established. 

Mr. M* Connell wished to know, whether there was any other means 
than that supplied by the safety-valve, if he might so call it, whereby tbe 
maximum of pressure could be ascertained*. 

Mr. Fothbrgill remarked that, in fact, the machine was a self-acting 
regulator. A certain amount of resistance was required to make the rams 
work, aod whenever the resistance became too great, the spring and the 
valve carried off the superfluous power. — It was resolved by several of the 
members, that the cone seemed to answer every purpose which this machine 
was intended for ; but it was argued by Mr. Fothergill, that Mr. Jackson's 
machine removed the greatest objection to the use of the cone — viz., the 
backward pressure. By tbe present invention, the pressure was confined 
altogether to the direction in which it was wanted. Several other members 
expressed themselves highly pleased with the machine ; and after a vote of 
thanks had been passed to Mr. Jackson, it was resolved to print the com- 
munication, and lithograph the diagram, for the use of the members. 
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PATENT SAFETY BUFFER. 

A paper was read “ On an improved patent Safety Buffer.** By Mr. 

CBBStHIRB. 

Mr. Bucklb, in introducing Mr. Chessbire's invention to the notice of the 
meeting, took oceasion to express his satisfaction with the principle of the 
machine, which, with the spiral break of the worthy president, would, be the 
means of saving many lives on railways. In a former notice of the proceed- 
ings of the Institution, we have briefly described the principle of the inven- 
tion. [See Journal, June 1847, p. 190.] It is proposed that each railway carriage 
should be supplied with a strong moveable rod of Iron, solid or otherwise, as 
might be deemed advisable, supported in the centre of tbe under framework 
by bearing sockets. This rod is merely to have an end way” motion, and 
is to have a head at each end, similar to the present side buffers, although it 
is not intended that these heads should act against each other, except in 
case of collision. When the carriages are screwed up into their ordinary 
travelling state, there will be a space between the safety buffers of some few 
inches, which would permit the independent action of the side buffers. This 
safety buffer would be placed in the “ van” at the end of the train, and also 
in the tender in front — so that it cannot have an end way motion, farther 
than being fixed against strong elliptical springs will admit of, if such springs 
should be considered advisable. It was shown, by experiments on a small 
model railway, that the effect of this continuous buffer was exactly that which 
its inventor claimed for it. A train of carriages supplied with the rods was 
brought into collision with an ordinary train ; and while the former was un- 
hurt, with the exception of the last carriage, which had broken from its 
couplings, tbe other was thrown into the utmost confusion. The whole 
force of the shock, in so far as the former train was concerned, seemed to he 
conveyed to, and spent on, the last carriage, which the inventor proposes 
should be filled with goods or luggage. 

Considerable discussion followed the reading of tbe paper and the experi- 
ment. The chief objections were — that the absence of all uniformity in the 
size and make of carriages would, even if the principle was sound, make the 
invention practically useless. Then, again, the force of the shock of a colli- 
sion could only be conveyed throughout the length of tbe buffer and to the 
last carriage, when the train was on a straight line. If, for example, it was 
on a curve that the collision took place, the centre carriages, or the one 
where the bend was greatest, would receive the force of tbe shock, and the 
lives of the occupants of the carriage be sacrificed. Mr. M'Connell was the 
principal supporter of this objection. It war, moreover, argued by Mr. 
Ramsbottom and others, that the application of the invention would be a 
practical disadvantage, except in one case — namely, as a strengthener of 
the bottom of the carriage. By the present side buffers, the force of a shock 
was distributed over the whole train — the first feeling the greatest amount 
of force—- and thence it sensibly diminished, until the passengers in the cen- 
tre, or the extremity of the train, scarcely felt it at all. Now, making the 
shock simultaneous throughout the whole train, as it was proposed to do, 
would have the same effect on the passengers as if the train had run against 
a dead wall. They would be thrown into each other's faces in every carriage 
in the train. Besides, if the train was run into, the engine and tender, and 
the men upon that, would be sacrificed. 

Mr. Chbssbir* replied, that, with respect to the indisposition of railway 
companies to go to the trouble and expense of applying the invention, he 
thought that the lives of the public was the first great consideration ; and 
no expense and no trouble should be allowed to operate against any inven- 
tion that promised to reduce the number of casualties. Aa for the principle 
nf the invention, he was convinced that it was perfectly sound. Accidents 
seldom took place in curves; there the enginemen were always on the look 
out. The force of a collision must be spent somewhere ; and he could not 
understand how it could be an objection to his invention, that he carried it 
off from the carriages where damage to life would be done, and concentrated 
it where nothing of the sort was to be apprehended. He wu convinced that, 
if the Institution would recommend some of the railway companies to adopt 
the invention, it would be found to act most beneficially. 

After some further temarks by Mr. Wright, Mr. Peacock, Mr. Crampton, 
Mr. Cowper, Mr. Fotbergill, and others, Mr. M'Connell recommended that 
the consideration of the subject should be handed over to the council, who 
would discuss the merits of the invention with Mr. Chessbire, which was 
agreed to. 


BANKS'S PATENT STEEL TYRES. 

Mr. Fothbeoill read the following paper i — " The etatement qf facte re- 
lative to Mr. Thomas Banks's Patent Plan qf Steeling the Tyret qf Rail - 
way Wheel*, it the remit of nearly Five Yeart* Trial , and thotet the Cott 
and Durability of Slaffordthire Tyre*, Steeled on hi* Plan , a* compared with 
Low Moor Tyre *.*' 

The present cost of Low Moor tyres, for 3-feet wheels, will be — 

£ %. d. 

IS 4 0 
8 0 0 
1 0 0 


*22 4 0 


Four I jren of 8 cwt. each— 1 2 c«rt., at 22s. 
Putting on the tyres ready for work 
Twice turning up, after wearing hollow 

Total cost 


Suppose these tyres to run 50,000 miles on an average — that is 50.000 
miles at a cost of 22 Z. 4«. — the present cost of Staffordshire tyres will be — 


Four tyres of 8 cwt. each— 1* cwt., at 12s. .. £7 4 0 

Putting on the tyres ready for work 8 0 0 

Steel for steeling one set— 1^ cwt., at 42s. 3 8 0 

Man's wages, for turning grooves in the wheals .. 0 lo 0 

Smith's wages, for Inserting the steel .. .. 0 10 0 

Man's wages, for turninp up after steeling 0 10 0 

Men's wages, for drilling and rirettlng 0 7 6 


Total cost .. jf20 4 0 


These tyres are proved to run before steeling 18,000 miles, and after 
steeling 100,000 miles — making a total work of 118,000 miles, at a cost of 
20*. 4*. 6 d. Now, subtracting 50,000 miles— .the work of Low Moor tyres — 
from 118,000— the work of Staffordshire tyres steeled— we have 68,000 
miles which the latter will run more than the former, and at a cost of 
39«. 6 d. per set less. From the above statement, we see the cost of Low 
Moor tyres, per 1,000 miles, is 8*. I0|d.; whilst the cost of Staffordshire 
tyres, steeled, is only 3a. 5 $-d. per 1,000 miles. The truth of this statement 
is proved by a test of nearly five years' trial, on those lines on which the 
plan has been most used. We are aware that railways did not all wear out 
the tyres alike; but on those lines where the iron tyres will run more than 
stated above, the steeled tyres will run more in proportion, and the plan is 
attended with no danger whatever.' 

Note . — The above statement shows only the advantage of steeling the 
tyres once, but we have steeled many a second time, after they have run the 
above distance. The same tyres may be steeled a second time at a cost of 
51. per set, when they will run 100,000 miles more — making a total of 
218,000, at a cost of 25/. 4«. 6 d. f or 2*. id. per 1,000 m«les. Tbe advantage 
of steeling a second time is secured by taking the tyres in time, while they 
have the requisite strength for steeling the first time. The general objection 
against the plan is, that there will be a deal of trouble to carry it out ; but 
this objection, if properly examined, will be found to be without foundation. 
When the wheels want turning up, they must be taken from under the car- 
riage, or wagon ; and, when takeu from under, the cutting of the grooves 
in the tyres for the steel will not cost more than 5a. per pair iu men's wages ; 
and, when the grooves are turned, one smith and three strikes will insert 
steel segments with 10 pairs of 3-feet wheels in one day of 10 hours ; after 
which, turning up the steeled wheels will take very little more time than 
turning up without steeling, which proves that the trouble will not be so 
great as some people imagine, and nothing, when the durability and saving 
which is effected is considered, by the tyres being steeled on this plan. 

The paper was accompanied by a letter from Mr. Jenkins, of the Man- 
chester and Leeds Railway, highly commendatory of the steel tyres. 

Mr. Pbacock remarked, that he had tried tbe wheels steeled by Mr. 
Banks’s process, and the result was, that whereas he was formerly obliged to 
repair the wheels of the tenders every four months, those with steel tyres 
did not require repair oftener than once in 12 months. He had not fully 
tested their wearing qualities, but he had no doubt that they would be found 
to be most economical as well as useful. — Several other of the members 
spoke in high terms of the value of this patent. 


ROYAL SCOTTISH SOCIETY OP ARTS. 

April 24. — John Burn Murdoch, Esq., F.R.3.E., V.P., in the Chair . 

The following communications were read : — 

1. “On the value of Gate* from different Coal t, and the price of Light 
tn different place* ; al*o a new mode qf eetimating • the Conmmotion of 
Gate*, 8fc., and qfeetimating Illuminating Power** By Avdrbw Ftfb, 
M.D., F.R.S.E. 

The first part of this paper referred to the illuminating power and dura- 
bility of gases obtained from English caking coal, from English parrot coal, 
and from Scottish parrot, coal, with which gases the towns in England 
and Scotland are supplied, and consequently to the value of these gases for 
affording light. Taking the illuminating power, and the durability, and 
consequently also tbe values of the gas from English caking coal, with which 
Newcastle and many other towns in England are supplied, as the unit of 
comparison, Dr. Fyfe stated, that he found tbe illuminating power of the 
gas from the English parrot coal, such as that from Yorkshire and Lancashire, 
to be, on an average of numerous trials, 173, the durability to be 1*12, and 
hence tbe value, bulk for bulk, as 1*85. The value of gas from the different 
kinds of Scottish parrot coal varies considerably, according to the place from 
which the coal is obtained ; but, as in the larger towns in Scotland, a mix- 
ture of coals of different quality is employed, tbe g as in these towns is gene- 
rally very nearly of the same quality. Taking the average of all the trials 
made at Edinburgh, Glasgow, Greenock, Dundee, and Aberdeen, the illumi- 
nating power wu found to be 3*23, tbe durability, 1*58 ; thus making the 
value very nearly 5, compared with tbe English caking coal gas u 1, and 
2*7 to the English parrot coal gu a* 1 ; in other words, to light an apart- 
ment to the same extent, and for tbe same time, by similar methods of con- 
sumption, tbe quantity of gu from Scottish parrot coal required, being u 1, 
the quantity of gu from English parrot coal would be more than double, 
and that from English caking coal would be five times u great. Df. Fyfe 
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then alluded to the value el these different kinds of coal for affording gas, 
and consequently for affording light by the combustion of their gases. In 
ascertaining this, the quantity of gas given off from the coals is taken into 
acoount, along with the value of the gases themselves for affording light. In 
this way he has fixed the value of the coals as follows : — English caking coal 
being 1 ; that of the English parrot coal is on an average 2*3 ; and that of 
the mixture of Scottish parrot coal, as used in different towns, as 6. 

In the second part of the paper, Dr. Pyfe alloded to the methods of finding 
the value of coal gas, for the purpose of illumination, and more particularly 
to a new mode of determining the durability ; in other words, the time re- 
quired for consuming a certain volume of gas, and consequently the con- 
tempt in given times, and by means of which, also, the specific gravity of the 
gat could be ascertained. « From numerous experiments which he had per- 
ibrmed, he had come to the conclusion, that when coal gases are burned 
from the same burner, with the same height of flame, the consurapt is as 
the square roots of the pressure necessary to keep up the combustion, at the 
length of flame fixed on ; and that, consequently, the time required for the 
consumpt of equal volumes is inversely as the square roots of the pressure 
He had also come to the conclusion, that the durability, in other words the 
time required for the consmnpt, depends on the specific gravity, and that the 
same law is applicable ; consequently, the specific gravity being known, the 
uonsumpt csn be determined ; as the consumpt being determined, by the 
pressure, the specific gravity can be ascertained, the rule being, the specific 
gravity is inversely as the square roots of the pressures, necessary to keep 
the gases burning, from similar burners, at the same height of flame. Dr. 
Tyfe stated, that he had put these different rules to the test of experiment, 
with gases which he had prepared from different coals, and also with the 
gases found in different towns, and he exhibited numerous tables, showing 
the very dose correspondence between the results obtained experimentally, 
end by calculation. He. then exhibited an instrument by which the dura- 
bility and specific gravity, could by the rates stated, be determined. It con- 
sists of a jet bnrner, of the 40th of an inch in diameter, to which is adapted 
n scale for measuring the height of flame, and a pressure gauge for ascer- 
taining the pressure under which the gas is burning, at the length of flame 
fixed on. In this pressure gauge is fitted a graduated scale, with a burner, 
by which the pressure can be read off, to y^th of an inch. Along with 
this a table was given, showing the consumpt of gases in a given time— the 
time required for the consumpt of equal quantities, and the specific gravities, 
according to the pressures* indicated by the gauge. In the table the pres- 
sures ranged from -flfrths to fggths of an inch, which, embraces all the pres- 
sures likely to occur with the jet burner stated. 

Dr Fyfe, in conclusion, alluded to a photometer, which, so far as he was 
aware, is not noticed in any publication, and which, he believed, was the 
invention of Professor Bunsen. It consists of a paper screen besmeared 
with a solution of spermaceti in oil of naphtha, excepting at a part around 
the centre. A candle placed behind this transmits light in snch way as to 
make the part uncovered easily observed, but when another light is placed in 
front of the screen, at a certain distance, according to the intensity of the 
light the spot disappears, and the paper becomes uniformly of the same ap- 
pearance. In using other lights, the distance at which the uniformity on 
the surface of the screen is occasioned, depends on the intensity of the light; 
and thus, according to the usual law, the illuminating power of different 
lights is determined by the square of the distances at which they are situated 
from the screen. Dr. Fyfe stated that he had put this method to the test of 
experiment, and found it extremely accurate, and much more easily managed 
than the shadow test. He exhibited the screen in connection with the pres- 
sure gauge burners, already described, by the ose of which, the illuminating 
power, the durability, and the specific gravity of coal gases are very easily 
end quickly determined ; and hence the value of an instrument of this kind 
to those travelling from place to place, with the view of ascertaining the 
value of coal gas in different towns ; and of ascertaining the value of dif- 
ferent kinds of coal for affording gas, and consequently for affording light by 
4he combustion of their gases. 

2. 44 On the Composite Ellipse , as an element in the useful and ornamental 
sorts, — being the second of a series qf short papers upon the Harmony of 
Form.” By Mr. D. R. Hay. 

Mr. Hay said that the paper and illustrations he now brought before the 
Society would show that the composite ellipse, as he described and arranged 
H, was an important element in the useful and ornamental arts. He then 
explained the relation which his composite ellipse bore to the circle, and to 
the regular ellipse; also bis mode of describing it, with an analysis of its 
composition. For this purpose he exhibited six large diagrams. He then 
went on to show that its beauty consisted in the variety of its parts being in 
an equal ratio to their uniformity ; and that it was to regulate and classify 
the vanons developments of this variety, that he had in his work on 44 First 
Principles of Symmetrical Beauty/ 4 classified a series of forty-two of those 
figures, by an application of the laws of numerical ratio. 

Mr. Hay then stated that he had brought the same subject before the 
Society about three years ago, as calculated to improve the practice of 
various arts; and that as it bore upon the humblest productions of the 
potter's art, the mechanic and the cottager might have, without additional 
cost, household utensils of forms as beautiful as the finest specimens of the 
hinUque. • ( 

Mr. Hay then observed that it had Jptely been stated in the Society that 
his composite ellipse had not novelty to recommend it, but had long been 


familiar to every one who had given any attention to the subject ; and that 
Nicholson’s 44 Dictionary of Architecture" had been referred to in corrobora- 
tion of this statement. Mr. Hay, however, stated that neither the composite 
ellipse, bis method of describing it* nor its application to the drawing of 
vases, was published in Nicholson's 41 Dictionary of Architecture/' or elsewhere, 
before he exhibited them to the Society, as just stated. 

3. 44 Description of a new Ball Stop-cock for Water Cisterns , and qf a 
Nsse-cock for Casks or Vats,” By Mr. Daniel Erskins. 

The new ball-cock consists of two fiat surfaces ground air-tight, hiving 
port holes for the water when in certain positions, and furnished with a 
spiral spring, that keeps the surfaces in contact.. This spring is screwed 
down to the pressure of the water that it is fitted for, and as the water tends 
to lift it off the face, this gives it slight friction. on either side, and it is not 
so liable to get fixed as the present ball-cocks are. The same kind will be 
of great advantage for gas-works, distilleries, and breweries, where large 
nose-cocks are required, and will be much less expensive. 

4. 44 Description qf a Model of a Stop-cock for Corrosive Fluids,” By 
Mr. Jambs Robb. 

This stop-cock is intended to obviate the tendency to stick fast, which 
the plugs of all the common kind have, especially when the fluids are of a 
corrosive or drying nature, such as common gas ; and as it will have no 
tendency to leak, it may be employed with advantage in oil, beer, or water 
casks. Its principal peculiarity consists in using vulcanised india-rubber 
tubing, connected with the pipe by screw couplings, and compressed by 
means of a screw, or otherwise, to any extent required, by which the flow of 
gas, or other fluid, may be regulated at pleasure. 


INSTITUTION OF CIVIL ENGINEERS. 

April 11. ♦—Joshua Fibld, Esq., President, in the Chair. 

The paper read was the second part of a communication made in the year 
1841, descriptive of the “ Bonn Reservoirs, County Down, Ireland,” By 
I. F. Bateman, M.LC.E. 

The first part, of which a short abstract was read, gave the object of the 
construction of these reservoirs, which were undertaken with the view of 
regulating the quantity of water in the River Bann, and more effectually 
supplying water-power to the flourishing and increasing establish men to on 
its banks; this river is, from the bare and naked character of the Modrne 
mountains, among which it rises, naturally liable to the greatest irregularity 
in its volume ; devastating floods frequently pour down the channel, where, 
a few hours previously, there was not sufficient water for agricultural pur- 
poses. Greatly injurious as this must have been to the agriculturist, it was 
infinitely more so to the mill-owners, who depended entirely on water-power 
for their manufactories. Mr. Fairbairn was consulted on the subject ; he 
examined the locality, and advised the formation of reservoirs ; the author 
was then appointed the engineer, and, acting in some degree upon the sug- 
gestions of his predecessor, whom he continued to consult, the works were 
undertaken which are described in the present paper. The peculiarities in 
the Act of Parliament, granted in 1836, constituting the proprietors of the 
mills a joint-stock company, for the formation ot the Bann reservoirs, are 
detailed. Th^ works were originally intended to have been more extensile 
than have been really executed. The reservoir at Lough Island Reavy is 
alone described; the ground in that spot was admirably adapted for that 
work, being the bottom of a basin, which was bounded on all sides byruggdd 
hills of granite ; in the centre of the basin was a small lake, at the bottom 
of which was discovered a bed, several feet in thickness, of fossil conform, 
similar to those discovered by Professor Siliiman, at Massachusetts, North 
America. This interesting geological fact was first noticed by Dr. Hunter, 
of Bryansford; the conferee appeared like an impalpable powder, but when 
viewed through a powerful microscope, they were found to be regular 
parallelograms, many of them covered with striae. They are described by 
naturalists as the fossil skeletons of minute vegetables. The situation fixed 
upon for the reservoir rendered necessary the construction of four embank- 
ments, between the hills, so as to raise the water to a height of 35 feet above 
the summer level of the lake. The particulars are also given of a series of 
observations with rain gauges, continued for two years, for the purpose of 
furnishing data for computing the extent of reservoir which would be necessary 
to insure a supply of water throughout the year. The continuation described 
the subsequent works, which consisted of the Corbet Lough reservoir, which 
was designed as an auxiliary pond, to receive the fiood-waters of the lower patt 
of the river, and to retain the night water, to be discharged again during the 
day, immediately above the more extensive mills on the river. A water- 
course, of considerable dimensions, was constructed to effect this, and dn 
embankment was thrown across the narrow outlet of the lake, the water 
being admitted through self-acting flood-gates, which closed as soon as the 
lowering of the river created a current in the contrary direction. The details 
of the construction of all these works were given; and it was shown, by 
calculations based upon actual experiment, and observation of the quantity 
of water received, stored, and delivered from the reservoirs, that their con- 
struction ha<jl increased the value of the mill-power of the River Bann full five- 

* This piper was seddentafly emitted in tbs report of lest toontb’s proceedings. 
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fold, at a comparatively very insignificant cost, as the actual expenditure for 
the works at Corbet Lough did not exceed 3,300/. — the closest economy, 
consistent with the efficiency and durability of the work, being rigidly kept 
in view, and the utmost attention being exercised by the resident engineer, 
Mr. W. L. Stoney. 

May 9. — “ Observations on the Causes that are in constant Operation , 
tending to alter the Outline of the Coasts\of Great Britain , to affect the 
Entrances of Rivers and Harbours , and to form Shoals and Deeps in the Bed 
of the Sea.” Dy Mr. J. T. Harrison, M.l.C.E. 

After noticing the gradual deterioration which the harbours of Great 
Britain are undergoing, the paper gave as the causes of these effects, the 
action of fresh water, of the tidal wave — the wind waves, and springs, and 
atmospheric changes, dwelling principally upon the tidal and wind waves. 
Professor Airy’s ami Mr. Scott Russell's views on the positive wave of 
translation (first order), and the oscillating wave (second order), were ex- 
amined ; the peculiarity of the former being, that the motion of the whole 
mass of the water was in the same direction as that of the wave itself ; 
whilst, in the latter, the motion of the water was alternately opposed to, 
and in the direction of, the wave. The tidal wave was considered as a purely 
oscillating wave in the open sea, changing its character as it passed into 
shallow water. It was supposed that a wave of the first order was generated 
whenever the water, heaped up by a projecting headland, passed and made 
its escape into the adjoining water, at a lower level, and that it carried with 
it gravel and shingle into mid-channel. The regularity of the bottom of the 
English Channel, and the material of which it is composed, were instanced, 
to prove that the bottom was now in progress of formation from the aqueous 
action of this deposition of matter. The effects of the tidal wave along 
the coasts at Poole, and in the Isle of Wight, were given, to show that such 
a wave of translation was generated and crossed the Channel, from the De- 
partment de la Manche. The results of a series of experiments upon the 
action of waves on transportable materials showed that certain definite forms 
were assumed by sand or shingle, under given circumstances —for instance, 
that the depth of the end of the foreshore below the water depended upon 
the size and character of the wave acting upon it. It was urged that the 
end of such a foreshore was to be found at 90 or 100 fathoms under water, 
stretching from Ushant to the south-west coast of Ireland, and that the 
tidal wave, in its progress up the channel, drew down to the mouth the 
material thrown into it by the waves of translation from the headlands. 
The accumulative action was seen in the carriage of sand through the Straits 
of Dover to be deposited on the sand banks of the North Sea. 

Referring to Mr. Palmer's paper “ On Shir, pie Beaches” the destructive, 
accumulative, and progressive actions of the wind waves were considered. 
The cases most favourable for the display of the effective actions of each 
were adduced. The influence of tides by varying the height of the water, 
and that of an on-shore wind in facilitating the destructive action, by retain- 
ing the water at a higher level, were pointed out. A flat foreshore, was 
shown to prevent, in a great degree, the destructive action ; whilst, on the 
other hand, deep water, whether from a strong in-sbore tidal current, or 
from other causes, bad a contrary effect, facilitating encroachments on the 
coast. The progressive action was shown to depend principally upon the 
angle at which the waves strike the beach. The general question of the 
travelling of shingle, and of its ultimate destination, was considered at great 
length — instancing particularly the accumulation of shingle at the Chesil 
Bank and Dungcncss. The state of the Great Western Bay, between the 
Start Point and Portland, was examined, and arguments were offered to 
show that it had been formed, in a great measure, by the encroachment of 
the sea. The process of this encroachment, and the alteration in the mouths 
of the estuaries falling into the bay, were analysed ; and extracts were given 
from Sir H. De la Beebe’s work on the geology of Devon and Cornwall, to 
prove that this process was still in operation. The summary of the argu- 
xnents in the papers was, that the observed changes in our coasts and the 
mouths of the rivers were the result of the combined action of the wind 
wave, and of the tidal wave ; and the attention of engineers was particularly 
directed to these actions in different localities, in order that, by presenting 
to the Institution the result of their observations, an invaluable collection of 
recorded facts might be assembled, which would be of great benefit to the 
profession, and to the scientific world. 

May 16.— This evening was occupied with a discussion on Mr. Gooch’s 
paper tl On the Resistance to Railway trains at different Velocities” read at 
the meeting on April 18.— [See Journal , ante p. 155.] 

The principal speakers were Messrs. Brunei, Gooch, Bidder, Locke, Hard- 
ing and Russell, and their arguments were necessarily so complicated by 
calculations &s to render it difficult to convey, within reasonable limits, even 
an outline of the discussion. It was contended on one side that the subject 
had been so treated in the paper as to make it almost a question of the 
comparative gauges ; that the experiments upon which the arguments were 
founded could not be received as applicable to railways in general, inasmuch 
as it was presumed from the statements that the portion of the line was 
selected as being in the best working condition ; that the engine and the 
carriages were also picked as being in the best order ; and that therefore the 
results were due to these peculiar circumstances, and not to the ordinary 
working state of the line ; that the amount of resistance per ton was under- 
stated by Mr. Gooch on these accounts, and that the rate of resistances 
arrived at by the committee of the British Association, by projecting trains 


of carriages down inclined planes, was nearer the truth than the expression 
of resistance arrived at with the locomotive and the dynamometer ; that the 
tables were partly made up from the actual results of the experiments and 
by using Mr. Harding’s formulae, which had been repudiated in other cases 
as incorrect ; that the greater weight of the trains in the late experiments, 
as compared with those of the British Association, &c. t reduced the 
value of the deductions ; that the atmospheric railway could alone give the 
resistance due to the frontage, which was not given when a locomotive was 
used, as it covered a portion of the carriage frontage, and the dynamometer 
being behind the engine, the resistance of the train of carriages alone could 
be arrived at ; and that the valuation of the pressure of the wind upon the 
train at various angles was not satisfactory. Such was the general tenor of 
the arguments ; and on the other side it was urged that Mr. Gooch had 
endeavoured, as much as possible, to avoid introducing, in any degree, the 
question of the gauges, and to give the actual results of the experiments, in 
order that any persons examining them might draw his own conclusions; 
that the portion of the line on which Mr. Gooch’s experiments were tried 
was not selected for its good condition ; that it was fixed upon by Mr. 
Brunei himself only the night previously to the experiments, and was not 
ihat part which bad been originally intended to be used ; tb&t the engine 
and carriages were such as could be spared from the working stock and were 
not picked — in fact, that- they were not the best of their class ; that there- 
fore the results were not due to peculiar circumstances, but were those of 
the average working of the line ; but that even had the line, engine, and 
carriages being selected, engineers would, from the results, have been able 
to make allowances for other cases, and that the value of the experiments 
would not have been diminished ; that it was believed that in descending 
Wootton Basset incline by gravity, without the aid of an engine, a greater 
velocity had been attained than the maximum recorded in the experiments 
of the British Association ; that the tables were divided into columns, dis- 
tinctly showing what resulted from experiment and what from the use of 
formulae; that it was impossible, with engines of the ordinary weight, as 
now constructed, with an ordinary train, to limit the experiments to such 
small weights as had been formerly used ; that in all cases the surface of the 
locomotive was allowed for in calculating the frontage resistance ; that it 
was expressly stated in the paper that the apparatus for the wind gauge was 
not so satisfactory as could have been desired, and therefore its results were 
kept separate in the tables ; that Mr. Gooch had not intended to cast any 
reflections upon the former experimentalists, but merely to point out the 
errors into which he thought they had fallen, and to induce, by his experi- 
ments, others which should fix more certainly the amount of resistance; 
this, it was still contended, was less th&u had been formerly stated, and 
although other experiments would be necessary to set the question com- 
pletely at rest, it was unanimously agreed that Mr. Gooch’s experiments and 
paper were very valuable contributions, and it was hoped he would continue 
bis observations on this most inteiesting subject. 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

On the 8th ult., a special meeting of the Institute was held, to take into 
consideration a memorial submitted to the council in April, 1847, urging the 
formation by the Institute, of a benevolent fund for the less fortunate mem- 
bers of the profession, signed by thirty-four architects. Mr. Bellamy, Vico- 
President, laid before the meeting a summary of the proceedings which had 
been taken upon it, the result of which was, that the council had adopted 
the report of a joint committee (part memorialists, part members of council), 
advising the formation of such a fund, and recommended it to the considera- 
tion of the members at large. The rule of the Artists’ Benevolent Fund, 
that recipients must be authors of “ works known and esteemed by the 
public,” would shut out many deserving members of the profession, and 
those connected with it. Communication had been opened with the officers 
of that fund, by some who thought that the desired end might he better 
attained by an arrangement with them than by a fresh fund. A long dis- 
cussion followed as to the mode of carrying out the views of the memorial- 
ists, and as to the necessity for the fund. An opinion was generally ex- 
pressed, that if raised at all, it was quite unnecessary to give the administra- 
tion of it to another society. Ultimately, on the motion of Mr. Angell, a 
resolution was passed, declaring the importance of establishing such a fund, 
and appointing a committee of nine, to consider in what way it could best 
be effected, and to report hereafter. 

May 15. — Mr. J. W. Papwortii read a paper in illustration of some 
drawings of Prosneste, ancient and modern ; and Mr. J. Thomson read 
some observations on the ancient village church of Leigh-de-la-Mere, 
Wilts. 

Mr. Angelts Conversazione . — On the 25th a conversazione was given by 
Mr. Angell, Vice-President of the Institute of British Architects, at his re- 
sidence in Gower-street, which was attended by all the leading members of 
the architectural profession, the Marquis of Northampton, and the heads of the 
scientific world. Many works of art were exhibited, and much gratification 
was expressed at the valuable example set by Mr. Angell to his colleagues, in 
affording such a reunion to the professors of architecture. 


Digitized by 


Google 


1848.1 


THE C1VJL ENGINEER AND ARCHITECTS JOURNAL. 


ON FLAME AND GASES. 

Professor Faraday lately read a paper at the Royal Institution, “Oh tkt 
Bfamagnetic OmMiim of Ftame and &wef”— Mr. Fhraday haring* briefly 
recapitulated the riiief subjects of hfs reeent research into the magnetic con* 
4Kfoit of matter, proceeded to state a atilt more recent extension of these re- 
searches made by Prof. Btnculari a# Venice. Prof. Bancabri has shown that 
ibme, when placed between fhe poles of a powerful magnet, becomes dia- 
magnetic (L #* spreads oet In the plane which » perpendicular to the- tine 
joining the pole* of the magnet). Prof: Payday's object rtaa^-first, to re- 
more certain misapprehensions of his own published opinions hi regard to 
thb phenomenon ; and; secondly, to giro n philosophical account of it. Re. 
ftvriog to bis “Experiments! Researches ” in the Philosophical Transaction a, 
md m 1845 (para. 2428, 2433, 2433), he showed that he had never asserted, 
an had been imagined, that the gases were not subject to magnetic action ; 
but merely that his experiments had not then established that they were 
affected by that force. The causes of this magnetic influence were then 
considered. Flame was dissected, and its OtmpUCated nature — consisting of 
solid matter, of a surrounding film of heated air, and of gaseous products of 
combustion — was experimentally demonstrated. The fbltowing experiments 
were then exhibited to prove (a) that hot air is diamagnetic with reference 
to cold air — (3) that carbonic acid gas , a product qf combustion, is diamag- 
netic (c) that carbon, which is liberated during combustion, and imparts 

luminosity to fame, is also diamagnetic. 

(a) Hot airis diamagnetic with reference to cold air. The hot air rising 
from a glowing spiral of platbto wire, placed between the poles of a powerful 
•electro-magnet, was proved to be bent aside by the fact of its inflaming a 
piece of phosphorus in the equatorial plane on either side of the red-hot 
platinum white the magnet was active, and also by its not firing the phot, 
phorns (at would happen in the ordinary condition of things) when this 
nohetanen was placed immediately above the heated wire. 

( b ) Carbonic acid gas is diamagnetic . This was proved by a jet of that 
gaa being made to diverge from the perpendicular downward current, which 
its gravity would cause it to take, into a flask of limewater (which it rendered 
turbid) placed in the equatorial plane. 

( e ) Solid carbon is diamagnetic. It was shown that the smoke of a taper, 
when placed beneath the axial line, divided itself, as flame was made to 
riivide. Into two streams in the equatorial plane, each on either side of this 
axial line. 

The singular condition of oxygen gas, in being far less diamagnetic than 
the other gases, and therefore appearing as if magnetic, like iron, when sur- 
rounded by other gases or air, was demonstrated by its carrying a cloud of 
muriate of "ammonia (itself diamagnetic) to the poles of the magnet, around 
which it seemed to gyrate in vortices. 

. Mr. Faraday concluded by noticing the apparently exceptional case of 
^aipe penetrating the pierced poles of a magnet, and coming through them 
.n an axial Hue. He showed that in this case the maximum of force was not 
^ this line, but in the cireie of lines forming the edges of the hollow cylin- 
der drifted through the poles. Therefore — inasmuch as the force in the 
vacant spaoo was feebler than the force at its solid circumference — flame, 
which always gout away from the spot where the force is strongest to the 
apot where it is weakest, penetrated the hollow axis of the cylinder. 


PROCESSES FOR UNITING METALS AND METALLIC 
ALLOYS. 

At a recent meeting of the Berlin Academy of Sciences, M. Pulbrich, 
fonador, of Hamburgh, communicated an account of hie processes for firmly 
asHisg metals or metallic alloys, which possess different properties and 
values, such, for example, as bar-iron with cast-iron, gen-metal with cast- 
iron, and thus to obtain pieces of mixed metal suitable to make clasps, 
girders, panel squares, railway bearings, wheels, axle-trees, and other 
parts made use of in machinery and in building, possessing the weight and 
the cohesion required, hut much harder and more resisteut in certain 
parts than mothers. The following is the process adopted, as described 
fcy the inventor : — 

“ To Unite Bar-iron to Cast-iron . — In order to unite bar-iron to cast- 
iron— to make, for instance a bar of rectangular girder, of which one- 
fourth the thickness shall consist of bar-iron, and the three other parts of 
cast- ires, or rather in the combination of one volume of these metals m 
any proportions, I proceed as follows :— I take* a bar of iron, of the re- 
poised thickness, and I plunge it into a cleaning bath composed of nitric 
add or any other acid dilated with water. I then take it oat of the 
cleaning bath, expose it to a red beat in a furnace, and plunge it again 
into the cleaning bath ; by means of these operations, I get rid of all the 
oxide from the surface of the metal. To remove from this bar any acid 
which might remain, I wash it with any alkaline solution (for instance, sal 
ammoniac), and 1 immediately plunge it into a bath of melted tin, where 
I allow it to remain until it has become well tinned over its whole surface. 
This done, I apply to the tinned iron at the side where it is to be united 
with the cast-iron, an alloy or solder composed of copper and tin, in the 
proportions of five parts of copper, and 95 of tin. The bar of iron thus 
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prepared is them introduced to* the bo tt om of a mould of the • form and 
dimensions corresponding to the bar which it in wished to. be produced, 
and it is kept down by iron bolls on nails, which have previously been 
well tinned ; the cast-iron is then poured in a liquid stale on the-bar of 
iron, an til tbe mould is filled. In this state, a fusion takes place at the 
surface of the iron Hi contact with the liquid cast metal, and under the 
influence of tbe alloy of solder of eopper or tin interposed, the two pieces 
of bar-iron and cast-iton Unite so firmly the one to the other, that it is 
almost impossible to separate them. 

“ To Unite Stqel t qitU Cast-iron.— Follow exactly the same process as 
above described, , >(t , . , 

“ To Unite Cupper, ironze^Qpn-MclaJnOr Brass, with Cast /ren. —These 
alloy Sj as well as *11 those pf copper, can be united by ( exactly similar 
means to those abov? described ; exchp^i that instead of ctaariogihe tar* 
frees of the alt<m by means of apid and alkaline solutions as above men- 
tioned, tbesuffrcea stfouW be filed, and the union with the cast-iron 
effected at the lowest temperature possible, in order that the bar of alloy, 
might not be toeltad. 

u The proportion indicated above for the composition of the alloy or solder 
is that which appears the most suitable, where the pieces of metal to be 
united ate of moderate dimensions ; but when they exceed moderate di* 
mentions, it will be better to increase the proportion of copper employed,. 

w In tbe examples given above, it is supposed that tbe different metal* 
were united together on one side only ; but one of these metals may bo 
united at two sides, or at two opposite or adjacent faces, to the other 
metals, or even covered throughout its entire surface. Further, the piece* 
of metal may have a curvilinear, angular, or any other form, and the 
mmanoer of oulding may be varied according to the rules which practice 
baa long since furnished in foundries.” 


THE EFFECTS OF ZINC ON IRON. 

A letter from Mr. James Nasmyth, of Bridgewater Foundry, Patricioft 
near Manchester, to the Mining Journal, communicates tbe results of some 
experiments recently made at the desire of the Lords of the Admiralty,, 
with & view to determine whether old iron that had been galvanised, or 
coated with zinc, was rendered unfit for being again worked-up. The 
result* of these experiments seem to prove that the quality of the iron 
is improved instead of being deteriorated by the zinc combined with it. 
The following is Mr. Nasmyth’s report of the experiments:: — 

“ A piece of galvanised iron-wire rope was welded up into a bar, and put 
to the most severe test. In tbe first place it was found, that although tho 
iron-wire was quite covered wiih metallic zinc, which, although partially 
driven off in the process of welding, yet, so far from the presence of the 
metal, or its oxide, presenting any impediment to the welding of the iron 
(us in the case of lead), the iron-wire welded witb remarkable ease; and 
the result was, a bar of remarkably tough, silvery-grained iron, which 
stood punching, splitting, twisting, and bending, in a manner such as to 
show, that the iron was not only excellent, but, to all appearance, actually 
improved in quality in a very important degree. 

" Encouraged by such a result, a still further, and even more severe, trial 
was made — viz.: by welding up a pile of clippings of galvanized iron- 
plates, or sheet-iron, covered with zinc, as in the former experiments. The 
presence of the zinc appeared to offer no impediment to tbe welding, and 
tbe result was, a bloom or bar of iron— the fracture of which presented a 
most remarkable and beautiful eilvery grain — as good, if not superior, in 
aspect to the finest samples of ' Low Moor’ or ‘ Bowling’ iron. Bloom 
of this iron were rolled out in rods, and tested in the cable-proving 
machine, and the result indicated from 5 to 10 per cent, higher strength 
than the best samples of wrought-iron — thus establishing the fact, that, so 
far from the presence of zinc being destructive to tbe strength and tenacity 
of wrought-iroo, the contrary is the case. 

“ 1 may mention, that bars of iron were heated to a welding heal, pre- 
pared by Scarf for sheathing, in tbe usual manner; and, on drawing them, 
from the fire, for being welded, a handful of zinc filings was thrown 
on tbe welding hot surface, and tbe welding proceeded with. In this 
severe test no apparent impediment to tbe process resulted ; the iron 
welded as well as if no zinc had been present.” 

Mr. Nasmyth infers from these experiments, that some improvement 
might be made in tbe manufacture of iron, by the introduction of metallic 
zinc in the puddling furnace. In corroboration of this opinion, be adduce* 
tbe fact that tbe strongest cast-iron made in Belgium, and selected fur 
the casting of guns, is made from an iron ore in which the ore of zinc 
forms a considerable portion. 

Mr. Leighton, of Cwmammon, following up the suggestion of Mr. 
Nasmyth, has communicated other applications of zinc to iron, which he 
had devised for the purpose of bringing anthracite coal more into use. 
His object was the preparation of pure oxide of zinc to be used as paint,, 
for iron-work more especially, for making joints, &c., in lien of white- 
lead. 1 ' If,” he observes, “ people could be once induced to make a trial of 
anthracite coal, worked by a blast, for several manufacturing operations, 
the value of this peculiar fuel would be established. It only requires a 
beginning ; it is quite possible to treat tbe snlpburet of sine — a very 
abundant ore, known as blende, or black jack— so that pun* oxide of «ac 
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mi ralphorlc acid thoold be prepared by lie eerie iteration. Thi» would 
be a very profitable bosiness« and create a roiblumpiieti/forn considerable 
quantity of the ore; but at the present price of > the. would even 

pay haadsonely to prepare oxide , of :sioC’ from spelter. Say*’ in round 
numbers, 4 cwt. of spelter, worth £2 16s., would yield 5 cwt. of oxide 
of sine, which, at the price of -dry white-lead, would be worth £6; the 
cost of labour and fuel being trivial; there Would' be* a j profit 6f ?o (nothing 
like cent, per cent.” ‘ ' " " ' iil M u "<» r - 

’ ’ !' Jl» miii ,.> In ...» ii n 

' ! "*' In, tl'K\) l » ■ i , 


1 : 'i “ - :M mm " .reo j ir Nun *>/i ,i ««n» a 
’ ■ " - i;; "IMA n» .Hi. «m*’) 'to 

SUPPLY OF WATER F^'MTHE.NEWREIi SAf^iilSTC’NE.' 

*’A paper‘d On th£ Supply of ik4 fPtnbH 

&kqft» gunk in tieNewIted Sandrlone”' win lately read 1 *at » the iBolytechniq^ 
Institution, Colqdftt-street. — After some'ofoertitiotisvaato she Importance , 
of p plentiful supply of pure watery the lecturer r emar ked AhaMhc ordinal 
1 source Of all Water found in the earth is the rain whioh falls faam thp clouds. 

" Thotigh thefkll of rain at Liverpool wa a only about 36 inches per aymum, ih 
7 the interior and. hilly parts qf the country it was far greater : , for, instance, in 
j 1840, there fell et Seathwaite 151 inchea ; Grasmere, 121 ; , Ijutterraere, 87 ; 

’ Keswiokv62 t Whitehaven, 49 j Cocker cnouUi, 4 7 ; and at Manchester, the 
fell averages abeut 41 inches. He had examined various wings in the sew 
i eed sandstone, and had never found any above the mesa temperature of the 
elimate-j and concluded, therefore, that those in the new red sandstone were 
entirely supplied from the rain which falls from the clouds, estimated in 
that district at 36 inches per annum. Allowing 18 inches for evaporation 
and vegetation, would leave 18 inches absorbed and stored in the earth every 
year, giving 392,040 gallons per acre, or 250,905,600 gallons per square 
mile. He maintained that the strata of the new red sandstone, at a level 
below the surface of the sea, are naturally, fully, thoroughly, and permanently 
saturated with water ; and that any shaft or excavation sunk to that depth, 
will always, through lateral percolation, be fall of water to that height. He 
considered the most desiderable mode would be to sink shafts from 1,000 to 
2,000 feet deep, which would pierce a stratum highly saturated with water, 
and which would be filled to within a short distance of the surface. He 
objected to the plan proposed by some persons to be sdopted, that of bring- 
ing surface water from a distance, as all such was impregnated with millions 
of myriads of animalcule, to the great detriment of public health. Id con- 
clusion, he stated as his decided conviction, that the strata of the new red 
sandstone formation are not yet exhausted of their water, neither do they 
show any symptoms of exhaustion, neither is it possible to exhaust them, so 
lbng as they maintain their present constitution and geological position ; so 
long as they consist of innumerable beds, of variable hardness, and of 
variable porosity ; so long as they are capable of lateral percolation ; so long 
as the hydrostatic pressure of the sea enables them to keep their lower beds 
at the full point of saturation ; so long as their upper beds are greedily ab- 
sorbant of water; and so long as Nature, in her hountififl beneficence, is 
annually pouring down upon them more than 500,000,000 gallons of water 
upon every square mile of their surface. 


THE VENTILATION OF TOWNS. 

• We have received from a correspondent at, Liverpool, a descrip- 
tion of a plan, which he has for a long time considered, for effec- 
tually securing the ventilation of large towns; .and if capable of 
bein^ carried into practice, it would have the effect of not only 
ventilating the houses in • crowded neigh boor hoods, but it would 
also purify the drains, the exhalations from which are frequently 
the cause of disease throughout large districts. The communica- 
tion is too lengthy to be given entire ; we shall therefore only 
extract those portions describing the proposed plan, which may be 
thus briefly stated. It is proposed that in each town ond or more 
large, high chimneys shall be built, with which all the main-drains 
shall communicate ; and that the fire-places of each house, instead 
of having chimneys carried through the roof, shall have flues 
carried below and entering the drains. At the bottom of each of 
the large ventilating chimneys, fires are to be kept burning for the 
purpose of causing sufficient draught. This plan, which carries 
out on an extended scale the mode adopted in ventilating the 
Houses of Parliament and other large buildings, offers important 
advantages as a sanitary measure, and ought not therefore to be 
discarded as impracticable without due consideration. The writer, 
who is an engineer, affirms that he has tested its practicability, by 
detailed calculations. We will now let him develope the plan in 
his own words : — 

“ It is proposed, that all house and factory chimneys be discon- 
tinued ; that the smoke and products of combustion, instead of as- 
cending as heretofore, and being discharged at the roof^ be made 


to desqep^ pass into the house-drains, and through them into the 
public sewers ; the factories having special communication for 
vthem$elves* . . 

, u ii i4 further proposed, that the sewer's be arranged to converge 
apd join into iarget or main sewers,, yjnch would be conducted 
through the town, to the highest ana least-occupied ground in the 
vicinity ^Whete these mains, eulvestaf o# Uumela, would ter mina te 
in chimneys r of great< height and capaoityy placed at suitable dig- 
tam&4 apart 1 ; And hr these chimneys, tires would be maintained con- 
; sthrttiy 1 burni ng, for the purpose Of t creating the necessary draught 
: BOsideW thoOoiwrmrtiioatidiw fftbn withdrawing' the smoke from the 
totoise-flfe&j'the writer' propose© to 'provide orifices in each apart- 
TTre'rrf, 1 'Connect dd With thendriun^ which eeOld' be opened and shut 
iby4he' , inifratiCS l 'at < pleasure, aind> there wbuld also be openings at 
1 rfuftAbhe’ distances alohg endh court,' lane,- and street, eommuni- 
T CArfng“ With* the ’sewers:’ "Btillmdre cleariy to illustrate his views, 
'' Suppose *we take the case of Liverpool, with the situation of which 
fhe Writer happ^ns td >be Acquainted.* l»et us presume that four 
^ 'fiVU lara^ chimneys were erected along the brow of the hill 
which (bounds that town to the east. — one to provide for ventilation 
of the north-end. one for the soutn-end, and two or three for the 
middle district; that leading tunnels were driven downwards 
towards the river, which tunnels would conn nunicate laterally with* 
and receive the air and smoke from, the street sewers. Then, let 
us see how this plan would operate : — Suppose a powerful current 
upwards, was established in the large chimneys, tunnels, and 
sewers, it follows that — Firstly, the sewers and drains themselve* 
would no longer give forth noxious exhalations. Secondly, by 
opening the apertures in the streets and courts, we would with* 
•draw the impure air, and produce a* constant influx of pure air* 
which would descend from above. Thirdly, by opening the 
Orifices in the booses and apartments, although they were crowded 
with inmates,’ yet the vitiated air would be so rapidly removed, and 
replaced by that both fresh and pure, that no injurious conse- 
quences would ensue. Fourthly, there would be no more smoke or 
sulphurous vapour to destroy health, and soil everything exposed to 
its vile influence : the murky clouds which envelope our manufac- 
turing cities would disappear, and give place to clear skies add k 
pure invigorating atmosphere. 

“ But it will be said, there would be serious difficulties to contend 
with in the execution of such a plan : this is granted — but they are 
far from being insuperable ; in proof of which, the writer will now 
proceed to consider gome of them, only avoiding matters of engi- 
neering detail. It may be objected that such a scheme would 
prove costly : it ia not denied that it would require the outlay of 
a large, though by no means extraordinary, sum of money ; but can 
we expect to realise great benefits without proportionate ex- 
penditure ? If it cost a million to supply such a town as Livers 
pool with water, why should we grudge a very much smaller sum 
to supply the same town with air? The one is surely as essential 
to the well-being of the community as the other ; and the writer 
is prepared to wow that a large saving of money would accrue* 
which is at present expended by the adoption of such a plan, irre- 
spective of the immense benefit to the public on the score of 
health. There would be no factory chimneys to erect ; a great 
saving in the arrangement for house-fires, which cannot here be de- 
tailed ; smaller houses and smaller apartments would suffice for any 
given number of individuals, — consequently, there would be an 
economy in building arrangements, accompanied by lower rents. The 
same remark applies to streets, lanes, ana courts : look at the enor- 
mous sums which would be required to alter and widen them, and by 
that means improve the ventilation. Then- consider the control 
which would be vested in the authorities over the ptiblic health. 
At present, it is in vain you tell the poor to gb dwell in larger 
houses and more airy situations, — they cannot afford it. It is in 
vain you tell them not to crowd together in their wretched apart- 
ments, or they will suffer from want of ventilation. It is in 
vain you impress them with the necessity of cleanliness, and of 
breathing untainted air : the majority disregard it,— how can they 
do otherwise ? But with this plan in operation, let us suppose 
fever to prevail in some court or alley ; we have only to give direc- 
tions to unclose one or two apertures, and pure air w%U flow in* 
w eeping disease and death away.** 


Solvent power of Chloroform .— The powerful solvent capabilities of chlo- 
roform are oow, by experiment, folly established. Caoutchouc, resin, 
copal and gum -lac, bromine, iodine, the essential oils, &c., yield to its 
solvent power. This property may, it is believed* prove extensively of ad- 
vantage in many of the fine and useful arts. 
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LOCOMOTIVE CAJUHA.GE WHEELS' 
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( Edwaro Evans, of the Haigh Foundry Compariy, had obtained a 
patent for u certain Improvements in the mode of constructing iron 
mkeek ^— 1 Granted October 28, 184.7 - Enrolled April 28, 1848. 

1 This invention; consists* ifc a mode of securing the tyre or hoop; of 
thewheel to t^eepoiofs or inner rijn v without .the U»e of bolts or 
rivets. The patentee effects this object by using a dovetail groove 
in the tyre, Ahd a dovetail projection po the rimy vrhjphia a method 
thkt has beeir previously adopted, therefore . he .mahesJtw claim to 
that; hut' the pecnisirity of hip .invent ion OOfisiM* ip.iwtkingthe 
groove large!ritl»n!thaproj^bn^iaT)difdling> rta.,intftrsticbs ifi*M 
melted dincj > In the J (wtads ofr the- speoidoution, >.th% patentee 1 
claims* ^the manufacture* •£. i wh eels [ * n wh * e dove Vai 1 grito ve 

in the tyre irwider* at ' its nnbrroweat > part ,tba* the^ do vetairtfftj - 1 j 
jection on the irpokes ortho Intoer.rim of* tha jv^eeiis at its Widest ' 
part, and the fillirig the spaces iefb When th^jtyro^ shrunk on ;yriiK| 
melted metal or either hard substance,! ;i The accompanying sep%n 



of the tyre and its junction with the wheel, will sufficiently show 
the form of the grooves and projections. The dark portions re- 
present the rinc or other easily-fusible metal with which the spaces 
are filled. 


1 Locomotive Engines.— George Heaton, Birmingham, engineer^ 
has obtained a patent for “ Improvements in locomotive engines* 
Granted November 9, 1847 ; Enrolled May 9, 1848. — The object of 
this invention is to prevent the oscillation of locomotive engines on 
railways ; and the patentee endeavours to effect this by the appli- 
cation of counter-balance weights, moving in an opposite direction 
to the pistons of the cylinders. The mode of applying these counter- 
balance weights is as follows : — On each end of the axle of the 
driving-wheels is placed a crank, to which is united a connecting- 
rod attached at the other end to the counter-balance weight, which 
is suspended between two rods, so as to swing readily to and fro, 
or it is held between fixed guide-rods, to admit of its sliding easily. 
The counter-balance weights should always move in the direction 
opposed to that of the pistons, and should he as heavy as the com- 
bined weight of the pistons and the working-gear. 


: Compound Beams or Girders. — Henry Fielder, Maida-vale^ 
has obtained a patent for “ Improvements in iron beams or girders. 
Granted November 9, 1847 ; Enrolled May 9, 1848. — The patentee 
constructs his beams partly of malleable, and partly of cast-iron. 
The lower or tension flanges are made wholly or partly of malleable 
iron, while the centre ribs and upper or crushing flanges are wholly 
or partly of cast-iron, according to the duties they have to perform. 
The lower flange may be made of, or strengthened by the addition 
of malleable iron, and the centre rib and upper flange remain of cast- 
iron; or, the upper and lower flanges maybe of malleable iron, 
united to the centre cast-iron rib, and further strengthened, when 
exposed to vibration, by angle-iron ; or, the perpendicular ribs 
may also be composed of malleable iron, when exposed to violent 
concussions. The malleable iron is united to the cast-iron by hot 
rivetting, and, in all cases, in such proportion that it shall be able 
to support, alone, the estimated weight to which the whole girder 
may be subjected. The invention consists secondly, in the appli- 
cation of the preceding principle of construction to the strengthen- 
ing or repairing of existing Deams or girders, with such variation 
of detail as the particular case may suggest ; and thirdly, to the 
construction of beams or girders composed entirely of malleable 
iron, in which case the flanges are united to the centre rib by 
angle-iron, the coupling-joints headed, and the whole are fastened 
together by hot rivetting. 


t .«o;nn,^CT^IQlTY OF MINERAL VEINS. 

(' Mrj Robrrv Hunt (keeper of mining records at the Museum of 
Ectmen^c Geoloilgy). lately delivered a lecture on the “ Electricity of 
3fmeral'?Un*” at the Royal Institution, Albemarle-street. 

,The Jeot commenced ^remarking, that the class of pheno*» 
mena w^hiph wcHijd foyiu the subject of consideration that evening, 
although of the highest interest, had not yet received so great an 
amount of experimental examination as their importance required; 
and, as their curious nature was, consequently, not generally 
known, he trusted thatf-having spent many days and nights in the 
mines of Cornwall, in this investigation, he should be able to 
interest his audience by a narrative of the facts now known, as 
wfeft'afi rioddl! dhdractetf . -i ’ ! / // i< 


e necessity. Mi^ Jlunt explained the 
. the aid pf, $ beautiful isometrical 


.rtaWrej0ofuai miHcrpi . lode 
udxufermgfDf (the lead district of Nentsford. A lode was,, in fact, a 
ftsfeufee^ formed by some disturbance of the 9 prth v und, 6 lled with 
mineral deposits. Three theories prevailed m , origin of 

mineral lodes; in the first place, they were fluppos^jtp be con- 
temporaneous with the rocks themselves . s 0 cqn<Ufo i£. r was con- 
ceived, that fissures were filled by the suhlimatsso. <o£ ^matter from 
great depths in the earth ; and, lastly, that suhstpiwea were preci- 
pitated from solution in water, which flowed ihcou^ those great 
rents in the earth. A mineral lode was nottoberaganitad as being 
entirely composed of metallic substances; on the contrary, they 
were most frequently found containing a large portion of earthy 
plotter, amongst which the metallic ore was disseminated; Among 
the indications which appeared to support the theory of electrical 
action in these formations, was to be regarded the regular dispo- 
sition of these substances on either side of the lode. The elec- 
trical theory might be explained in a few words. Ampere sup- 
posed that currents of electricity traversed the earth from east to 
west, and these currents were thought to influence the chemical 
changes which had gone on within the fissure during the formation 
of the lode, and determine the order of arrangement. The most 
striking conditions which appeared favourable to such a view were, 
that metals of various kinds were associated with peculiar classes 
of rocks — tin and copper being associated, in a remarkable manner, 
with the primary rocks ; whilst lead was found more abundantly 
in the limestone formations. These rules, although general, were 
not constant — many striking exceptions might be named. In the 
remarkable mining county of Cornwall the rocks were granite, 
killas or clay-slate, greenstone, and elvan. The mineral lodes 
were always most abundant near the junction of the slate and 
granite rocks ; they were generally found in a direction nearly 
from north-east to south-west; and where they were contrary to 
this, or nearly }n the line of the magnetic meridian, there was 
almost invariably a great difference in the character of mineral 
substances contained in the lode. This was shown by reference to 
a very large map of Cornwall, upon which the lodes of lead and 
copper were accurately marked. Again, a very remarkable 
parallelism was observed in most districts between the directions 
of the lodes, and the veins of granite prophyry (elvan) which oc- 
curred in their vi^ipity ; and this fact had been brought in support 
of the theory, which refers mineral formations to the action of 
subterranean heat. 

The various questions which arose out of the phenomena of 
mineral veins, and their including rocks, had been most ably 
treated of by Sir Henry De la Beche, Mr. Joseph Came, Mr. R. 
W. Fox, Mr. John Taylor, Mr. Hopkins, and others; he would 
not, therefore, dwell on that part of the subject. 

Mr. Hunt next considered, whether any of the conditions known 
to belong to the rock formations of a mining district were suffi- 
cient to produce electrical phenomena. It had been ascertained 
that granite was always colder* than slate— a difference of 20 ° or 
30° was always detected at all depths. This difference might pos- 
sibly give rise to weak thermo-electric currents; but, in the ex- 
periments he had made to ascertain this point, no such currents 
had been detected. It was also well known that a constantly in- 
creasing temperature was discovered as we descended into the 
earth. By this means, it was evident that any given portion would 
represent a bar unequally heated. The following table of tem- 
peratures, obtained in the rock and lode, exhibited the variations 
of temperature in the deep mine of Tresavean : 

At sea level. . • • In granite. . 


At 170 fms.. 
At 196 fms.. 
At 208 fms. . 
At 310 fms.. 


Lode in slate 
Do in granite 
Do in granite 
In granite 


57° F. 
77° F. 
83° F. 
85° FJ 
94° F. 


According to the generally received views of thermo-electne 
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action, such differences would be sufficient to produce currents. 
That was undoubtedly the case in metallic and good conducting 
bodies, but no such result had been obtained from experiments on 
granite ? slate, or greenstone. 

[A series of experiments was here introduced— and, notwith- 
standing the use of an active galvanic series, it was shown that 
the voltaic current would not transverse either granite, slate, 
eh an, or greenstone— connection being made with them and a very 
delicate galvanometer, upon which not the slightest indication of 
any action on the needles could be observed.] 

Wlien moist, these rocks became over their surfaces conductors ; 
and\ by this means, the action on a single pstif of zihc and copper 
plates, not more than fin inch square, was detected through a con- 
siderable extent of country. Mr. TV. J. Henwood had supposed 
that he had detected currents of voltaic electricity through the 
granite and slate rocks of Cornwall; but the lecturer, who^ had 
repeated those experiments with great care, was led to believe that 
the slight deflection of the needle obtained was due entirely to 
some chemical action in the wires employed at the point of con- 
tact with the flock, or within its length — such slight disturbances 
being of constant occurrence in all experiments of this class. 
Although there wa9 not, therefore, any experimental evidence in 
proof of the voltaic condition of the rocks, vet the regularity of 
arrangement observed in the lodes themselves — in which zinc, 
copper and quartz, lime, pyrites, barytes, fluor-spar, argentiferous 
lead, and quartz, alternated in the most regular order, as was 
shown by specimens from the mines of Cornwall, Derbyshire, 
Saxony, and Mexico — present features so analogous to those which 
often appear in galvanic experiments, that we are compelled cer- 
tainly to infer tnat some modification of the electric force was 
concerned in the phenomena. Specimens of pseudo-morphous 
bodies from the Cornish mines, and arrangements of brown spar 
upon quartz, from Schemnitz, quartz upon fluor-spar, and iron 
pyrites, and the double sulphuret of copper upon large quartz 
crystals, in all of which a uniform system of arrangement, per- 
fectly independent of each other, was shown — and these were to 
be referred, in all probability, to the disposing power of electrical 
currents. 

Such were the principal evidences to be adduced in support of 
the electrical theory. Mr. R. W. Fox was the first to discover any 
indications of electricity in mineral lodes. By placing copper 
wires against two portions of a lode, or of two iodes divided by a 
cross- course, and connecting those wires with a galvanometer, a 
considerable deflection of the needle was obtained— -often to such 
an extent, that from the violence of the action, it was impossible 
to note the deflection. In nearly all the mineral lodes of Corn- 
wall, upon which experiments were made, these currents had been 
detected. Experiments made by Mr. Fox, in Coldberry and 
8keers, in Teesdale, gave, however, negative results; and the 
results on the lead lodes at the Mold mines were not very decided. 
Prof. Reich, of Freyburg, obtained very decided results upon the 
lead and silver lodes of that district ; and, in one case, succeeded 
In detecting a mass of silver ore at some distance behind the rock. 
Vorr Strombeck, on the contrary, could obtain no results from the 
lead and copper lodes on the right bank of the Rhine. In addi- 
tion to these results, others of a most satisfactory kind had been 
obtained by Mr. Henwood and Mr. John Arthur Phillips. The 
lecturer had himself almost invariably obtained very decided 
galvanometric indications from the copper lodes of Dolcoath, East 
Wheal Crofty, East Pool, and other Cornish mines — in one instance 
so powerfully, that the electro-chemical decomposition was pro- 
duced. Mr. Fox has been successful in procuring an electrotype 
copy of an engraved plate by the current collected from two lodes 
Of iron and of copper pyrites, and also in inducing magnetism in 
a bar of soft iron. Mr. Pattinson, at the wish of the British Asso- 
ciation, made a series of experiments on the rocks of the limestone 
formation in the lead districts of the north; but he could not 
detect any evidence of electrical currents. 

It now became a question, to ascertain if these currents of elec- 
tricity, detected in mineral lodes, were in any way connected with 
the general currents traversing the earth, according to the theory 
of Ampere ; or, were they of a more local character ? The lecturer 
was induced to conclude, from all hi9 experiments and observations, 
that these currents were entirely local, and due to the chemical 
action going on within the lode itself. In all cases where chemical 
action could be detected, it was certain the current acting on the 
galvanometer was more energetic than where no chemical change 
was apparent. In this way might be accounted for the failure of 
Von Strombeck on the lead ana copper lodes of the Rhine, and* of 
Mr. R. W. Fox himself on the lodes of Teesdale — in all probability, 
those Iwtes being in a very permanent condition. It was thought 


by the lecturer that the fact, that these currents often being found 
to traverse the lodes in a direction contrary to the currents of 
Ampere, and frequently at right angles to them, militated against 
that view which referred the one to the influence of the other. The 
lecturer had also detected currents from piles of ore on the surface, 
which had been exposed to the influences of the atmosphere ; and 
these currents were certainly only measurers of the amount of 
chemical action going on in the pile. 

That these local lode currents might liave a powerful effect upon 
masses of matter exposed to their influences, was highly probable ; 
and he was disposed to refer the condition* in which cobalt and 
nickel were often found in the cross-courses, between the end* or 
dislocated lodes, as due. to this local chemical electricity. The 
character of many of the <lei:omp<>?.ing lode* was next describe d ; 
and it was show n that, under t lie induenee of t.lip percolation of 
rain-water from the airfare, charged with oxygen, and the action, 
oi the saline water rising from helow, few lodes admitting water to? 
flow through them could he free from chemical action. He had 
analysed the waters oi many of the aeep mines, and the following 
were the results of a few of these analyses : — 

The water from Great St. George contained, in a cubic foot, 590 
grains of common salt ; that of the United Mines, rising hot, 481 
grains; of Dolcoath, 218 grains; of Great Wheal Charles, 612 
grains ; Consolidated Mines, at 80 fathoms, 656 grains ; and at the 
250 fathom level, 918 grains. This muriate of soda was estimated 
uite independently of the earthy and mineral salts. It was, 
oubtless, derived bv infiltration from the ocean; and, from its 
quantity, acted, no doubt, powerfully upon the lodes it traversed. 

Although these currents, detected by the galvanometer, were not 
regarded by the lecturer as in any way proving electrical agency 
in the formation of mineral veins, yet the evidence obtained by 
Mr. Fox, bv Mr. Jordan, and more recently by himself, that eiee- 
tricity would give to clay a schistose structure and form along a 
curved line, no doubt related to some line of electrical action, a 
miniature lode of copper (of which illustrations were exhibited),, 
supported the general view of electrical action. Incidentally, the 
conducting powers of iron and copper pyrites, galena, and some 
other minerals, were experimentally shown ; and also the decom- 
position of yellow ore by electrical action. 

In conclusion, the lecturer carefully recapitulated all the main. 
points of evidence, for and against the electrical views, and pointed 
out many yen' curious circumstances, evidently dependent upon, 
some peculiar conditions of the adjacent rocks, but which could 
not be referred, with any certainty, to electrical action. Probably, 
those currents now nearly determined as in constant flow around 
the earth, might produce the curious results observed ; but a far 
larger amount of experimental evidence than that yet obtained 
was required, before this view could be admitted as one of the 
received facts of inductive science. 


NOTES OF THE MONTH. 

Baron de Goldsmid' t House . — The grand ball-room at St. John’s Lodge 
in the Regent’s Park, of which so much has been spoken and written, was 
lighted last week, for a party given by the Baron de Goldsmid. The effect 
is reported to have been most admirable. Although Mr. Barry and Mr. 
Poynter had exerted every care, the effect of light upon the decorations 
mast have caused them some anxiety, and it must be roost gratifying to 
them to have succeeded so completely. The richness of the gilding contri- 
butes to the grandeur of the room, without destroying its air of chasteness ; 
and if Mr. Barry be reproached that there is a want of repose in the House 
of Lords, and too great profusion of ornamentation, the same objection can- 
net be made against a ball-room. This saloon is the great work of the 
present season, and it is pleasing to learn that the munificent patronage of 
the Baron de Goldsmid has been, as usual with him, displayed in the encou- 
ragement of English artists, instead of being lavished upon foreigners* as is 
too common with our nobility. 

Mineral Produce of Austria . — The latest published government accounts 
give the following as the mineral produce of Austria : — Gold, 35 cmt. ; silver* 
547 cwt. ; mercury, 166j tons; iron, 148,379 tons; copper, 2,753 tons; 
lead, 6,666 tons ; litharge, 1,299 tons; zinc, 227 tons; calamine, 908 tons; 
tin, 49 tons ; antimony, 231 tons; cobalt, 132 tons ; manganese, 6$ tons ; 
arsenic, 50 tons; plumbago, 1,327 tons; alum, 1,494 tona; sulphate of 
iron, 5,354 tons; sulphate of copper, 28 8 tons; sulphur, 1,259 tons; coal* 
524 tons. 

The Holyhead Steam-Pachets . — The principal trial of the new Holyhead 
steam-packet Llewellyn , master. Commander Grey— vessel and engines de- 
signed and manufactured by Miller, Ravenhill, and Co., of Blackwall — took 
place on Monday, the 15th ult. It is stated that, under adverse circum- 
stances, she made four uns at the measured mile, at Long Reach, which 
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gave her an average rate of speed of 15*415 nautical miles, or nearly 17} 
statute miles per hoar, never making less than 27 revolutions per minute. 
She then run to the Nnre light, passing the distance from the town pier at 
Gravesend, in one hour and fifteen second* ; and then ran from the Nora 
light to the Moose light and back twice, during which time her greatest 
•peed was 20} statute miles per hour, and her lowest rate at 15*845. The 
latter, however, in consequence of the throttle-valve being open, was held to 
be a had trial, and she was accordingly tried up and down again the 7*65 
knots' distance. When working at 28 and 29 revolutions per minute, she 
made the same run down in 27 minutes 22 seconds, or at the rate of 15*798 
knots; and the return trip in 30} minutes, or at the rate of 15*049 knot*. 
Taking the average of the two last runs, the speed of the Llewellyn was 
nearly 16 nautical miles an hour, or 18} statute miles per hour. 

The New Steam-Ship Basin ot Portsmouth. — This national work, which 
has been constructed with the view of affording to steam-ships a fitting 
and convenient place Of reception, was opened on Thursday, the 25th of 
May. The first stone was laid January 13th, 1845. Its original design 
was far of far lest magnitude, but as the work progressed, enlargements and 
improvements were suggested, until the plaint were finally extended to their 
present spacious dimensions. Its mean average length Is 774 feet, 400 feet 
wide, and 31 feet deep from the coping, covering an area of more than seven 
acres. The entrance is 80 feet wide, and the depth of water at the lowest 
tides 21 feet. There is also a fine wharfage outside the basin, in the har- 
bour, where there is water to the depth of 13 feet, which is sufficient to 
accommodate second-class steamers. There are two inlets on the east side 
of the basin, each 300 feet long by 70 wide, and 30 feet deep from the 
coping ; these are to enable vessels, whole refitments must be completed 
in a hurry, to be worked upon by the artisans on both sides at once. On 
the west brink of the basin is a great factory, of handsome architecture, 
687 feet long, 48 feet wide, and 51 high, and is partially roofed in. On 
the south wall is a new brass foundry, 90 feet by 110, which has been for 
some time in partial working. The basin is considered capable of accom- 
modating around its sides nine steam frigates of the first class, and has em- 
ployed, on the avenge, 1,500 men since the commencement, besides an 
immense body to whom it has given work off the premises — in the quarries, 
forests, iron works, &c. Besides the above materials, there have been used 
in various parts of the whole about 2,500 tons of cast iron from Stafford- 
shire. The rough cost of the labour already turned out of hand is £400,000. 

Sudden Draining of the Niagara Hirer.— The following extract of a 
letter we have received from the United States j describes a very enrioos 
phenomenon, which recently alarmed the residents near the Falls of 
Niagara : — u The good people at the falls were greatly alarmed a few 
weeks ago, fearing that the bottom of the river had fallen oot; for all at 
once the mills ceased to work, and great part of the falls ou Table- Rock 
were bare. The river, a little above Goat Island, was bare for half the 
distance across. A gentleman drove his wagon on the bare rock to the 
middle of the bed of the river, where to have ventured the day previous 
would have been certain death. The worst fears were entertained ; some 
believed the world was coming to an end — indeed, fear was stamped on 
every countenance till the cause was explained. The fact was, that a 
quantity of ice on Lake Erie had drifted to the mouth of the river, and 
impeded its flow." 

Suspension Bridge near the Falls of Niagara.— The first car, suspended 
by a wire cable, crossed from cliff to cliff below the falls of Niagara on the 
13th of March. Mr. Ellett, the engineer who has undertaken the con- 
struction of the sospension-bridge at that place, was the first person who 
crossed over, amidst the cheers of a large concourse of people. The 
Toronlo Colonist observes : “ Mr. Ellett most feel gratification and com- 
mendable pride that he is the first man who ever crossed in a carriage 
through the air, ou wire, from one empire to another ; thereby, it is to be 
hoped, leading to a happy, prosperous, generous, aod reciprocal union — a 
firm chain of friendship between mother and daughter." We may suppose 
that amoog those who experienced alarm at the sudden draining of the 
Niagara river, noticed above, the shareholders iu the suspension-bridge 
undertaking, were not less frightened than the others. 

Communications in Railway Trains . — Another of the many plans pro- 
posed for establishing a communication between the passengers and the 
guard, and through him with the engineer, on railway trains, has been re- 
cently patented. The inventor of this plan is Mr. Edward Tattersall, of 
Newmarket, land surveyor ; and it consists in having a cord run along the 
tope of all the carriages, communicating with the handle of the steam- 
whistle, or with a bell. The patentee claims as new an apparatus for 
lengthening or shortening the cord, without requiring it to be drawo out 
longitudinally. To enable the passeogers to communicate with the guard, 
a lamp by night, and a signal board by day, is to be fixed to the top of 
each carriage, and the passenger, by pulling a string may raise a flap that 
ordinarily secures the lamp or sigoal-board, and when the guard sees this 
notice, he it to poll the cord to order the engine-driver to stop. 

Iron Ore in Algiers. — A report presented to the Paris Academy of 
Sciences, on a communication made by M. Fournel, respecting the mineral 
wealth of Algiers, represents the iron ore to be extremely abundant aod 
aich. In the mountains of Bon Hamra, throughout a distance of tour 
leagues, the esoppings-out of a considerable number of beds of ore may 
-be obstrcedf attaining sometimes a considerable erxe, and never Jess than 
from four to five yards in depth. At the north of Fizara there is an entire 
an o u nt a in ftha MohtaEl Hadad, or iron quarry), which rises oot of the 
gneiss, and literally presents from its base to Us summit, that is to sny r a 


height of abont 108 yards, one mass of pure oxide of iron, without thq 
admixture of any other substance. To the east of this mountain, M* 
Fournel traced upwards of 16 points where the ore was cropped-out. 
Fournel has also found large quantities of ancient scoriae, proving (hat 
these sources of mineral wealth had been worked by the Romans, or per* 
baps by the Vandals; there are also scattered amongst these scorie, spe- 
cimens of the metal produced, so that by analysis it can be ascertained 
from which bed of ore the metal produced at such and such a point, was 
obtained. 

Copying Electric Telegraph.-rAn electric telegraph which will produce 
at a distant towq facsimile copies of writing applied to the instrument 
in London, has Just Wen invented by Mr. F. C- Bakewell. We have seen 
a specimen of the telegraphic writing copied from the original by a sepa- 
rate instrument, only connected with the other by wires in the ordinary 
manner. We understand that arrangements are being made to give the 
invention a trial at a long distance, for the purpose of adopting this mode 
of telegraphic communication generally, if it be found equally applicable 
between distant towns as it is at short intervals. The rapidity with which 
copies may be made with this instrument, wifi far exceed the manual dex- 
terity of the quickest writer; for the inventor expects to be able to trans- 
mit 600 alphabetical letters per minute. Where short-band iB employed , 
of cosrse the rapidity of transmission would be much greater; and we un- 
derstand that even plans and drawings may be copied by the same instru- 
ment. 

Phosphates in the Green Sand. — The green sand formation, situated 
under the chalk, contains fossil substances iu such abundance as to render 
them valuable as manures, iu consequence of the phosphate of lime which 
is thus obtained. Attention has been recently directed to this subject, and 
if the fertilizing properties of green sand be as great as is represented, 
there exists in the south of England vast stores of manure, corresponding 
in chemical properties with the guano that has been scraped from distant 
islands, and sold at a high coat in this country. The presence of coprolite 
(dnngslooe) nodules in the upper green sand and ganlt, was pointed out 
by Dr. Filton several years ago, in his account of the “ beds below the 
chalk," published in the “ Transactions of the Geological Society," vol. it. 
second series ; and Dr. F. also ascertained the large proportion of phos- 
phate of lime contained in these bodies. Dr. Fitton’s observations were 
chiefly made from the gauit at Folkestone. But be has also noticed the 
existence of these nodules in various parts of the npper and lower green 
sand. There are cliffs of the upper green sand at Eastbourne, in Sussex^ 
where the fossil and coprolitic nodules may be found. If we pass from the 
out-crop of the green sand in Sussex and Surrey, we find it again in still 
greater force westward, in the fertile vale of Pewsy, one of the finest 
pieces of wheat land in the kingdom. The whole valley from Bedwin to 
Devizes is coveredwith this soil, the stratum dipping under the chalk 
of the Marlborough downs on the north aod Salisbury plain on the south. 

Improved Machine for Rolling Iron. — Mr. Benjamin Norton, of Boonton, 
New Jersey, U.S., has recently obtained a patent in America, for an im- 
provement in the machine for rolling iron. In describing his invention, the 
patentee says — “ In rolling the billets of iron that are to be converted into 
hoop-iron, or into scroll, band, or other iron of a like character, the appa- 
ratus used, as ordinarily constructed, consists of three rollers, the axes Of 
which are in the same vertical plane. The billet is passed through a groove 
in the lowermost pair, and is returned through a groove in the uppermost 
pair, by which it is prepared to be passed through the smooth or finishing 
rollers. In my improved apparatus I use bnt two rollers, in which the billst 
ia first passed in the usual way ; as it passes from between these rollers on 
the rear side, it enters s curved trough, which I call a receiver, and thi* 
trough conducts it round the rear side of the upper roller towards the work- 
man in front, who passes it into the groove in the first instance, and who 
then passes it into a second groove, formed in the same rollers; by whick 
arrangement much time and friction are saved, and other obvious advantages 
obtained. The patentee claims the combination of the covered trough, or 
receiver, with a pair of rollers, for the purpose of conveying the strand to 
the front of the rollers, in combination with the employment of the second 
groove, or grooves, in the lower roller, and thereby admitting of the widen- 
ing out of the collars. 

Ether a substitute for Steam. — M. Zede, Director of the Ports of France, 
at the request of M. Lafond, a lieutenant in the Marine Navy, baa made 
several experiments on the employment of the vapour of ether in one of the 
cylinders of a steam-engine. The results were very satisfactory as far as 
regards the employment of the mechanical force contained in this vapour ; 
hot as regards safety, M. Zede stated that it is impossible to conceive the 
danger arising from the use of so inflammable a liquid as sulphuric ether. 
In order to remove this objection, M. Lafond has proposed to him the em- 
ployment of chloroform in place of ether. 

Cause qf Ram. — At a recent meeting of the Paris Academy of Soiencef, 
M. Babinet explained bis theory of the cause of rain, founded on nume] 
rous observations. He supposes that a volume of humid and heated air 
having risen into the npper regions of the atmosphere, expands in the 
rarer air ; consequently, the tempers tare becomes lowered, and the vapour 
condenses aod is precipitated in min. There seems to be nothing new in 
this theory, and it fails to assign an intelligible cause for the observed phe- 
nomena of rain. It is founded also on the questionable assumption, that 
the portions of the atmosphere near the earth rise when heated into r t|# 
strata of air above ; because, in most cireumatanees, the difference iu4b e 
pressure of the atmosphere at higher elevations, causesa greater difference 
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In the relative weights of equal volumes than the different degrees of heat 
above and below. M. Babioet, indeed, seems to admit this, as the expan- 
sion of the humid air he supposes to be caused by the rarer state of the 
upper atmosphere, and yet be seems to have forgotten to take into consi- 
that the denser aud heavier air would not rise into the lighter. 

Analysis of Phosphates. — Messrs. Dumas and Pelouze have reported 
very favourably of the process adopted by M. Raewsky, to ascertain the 
proportions of phosphoric acid contained in phosphates. The process con- 
sists in bringing the phosphoric acid to the state of phosphate of the per- 
oxide of iron, and then to ascertain the quantity of iron which it contains. 
As the phosphate of the peroxide of iron is insoluble in acetic acid, in 
precipitating the phosphoric acid from an acid liquor by means of the 
acetate of the peroxide of iron, the salt will be precipitated pure, and can 
consequently be collected in a filter. After a careful washing, if it be dis- 
solved in nitric acid, and reduced to the minimum state of oxidation by 
the acid of a suitable addition of sulphate of soda, there will remain only 
to saturate the iron restored to this state by means of the proportionate 
quantity of permanganic acid necessary to convert it again into peroxide. 

Rotary Heels .— A patent has been taken out for rotary heels to bools 
and shoes, so that, however unevenly a person may tread, the heel may be 
regularly worn by giving it a turn daily, to expose a fresh surface at the 
part most trodden on. 

Invisible Musicians. — Mr. A. Bain, the ingenious inventor of electric 
telegraphs and clocks, has obtained a patent for an invention, part of 
which consists in causing musical instruments to be played by electro-mag- 
netism, without the apparent agency of any musician. He effects this by 
placing electro magnets under the keys of the instrument, and these mag- 
nets are connected by wires with some other similar instrument in another 
room, or it may be in some other part of the same town. Whenever one of 
the keys of the original instrument is pressed down by the performer, it 
completes the electric circuit, and induces magnetism in the temporary 
magnet under the corresponding key of the distant instrument, and that is 
instantly drawn down and sounds the note. This arrangement might be 
continued through several instruments, every one of which would be 
played at the same time by one performer, who would be touching the keys 
of only one instrument, and that, perhaps, a mile apart from the others. 
In another part of Mr. Bain's invention, he proposes to dispense with 
performers altogether, and to make the printed music play itself. This is 
done by perforating holes in a sheet of paper, which is to be drawu over 
the openings of wind instruments. Whenever the perforated holes co- 
incide with the orifices in the instrument, the notes are sounded ; and by 
arranging the perforations at their proper distances, the tune is played ! 

Manufacture of White Lead.— Some improvements in the manufacture 
of carbonate of lead have recently been patented by M. Jean Marie 
Fourmenlin, of New Bridge -street, Blackfriars. In this process, the 
carbonate of lead is produced by the decomposition of oxichloride of lead 
(obtained by the action of sea salt upon protoxide of lead), by means of 
carbonic acid, which decomposes the oxichloride ; an insoluble carbouate of 
^jead being produced, and a solution of chloride of sodium remaining. 

Triple Railway Break . — A model of a triple railway break, invented by 
M. Laignet, has been submitted to the Paris Academy of Sciences. Each 
part of the break mast be successively destroyed before any material 
damage cau be done, and the resistance offered is calculated to be suffi- 
cient completely to overcome the momentum of the train. The action of 
the break is independent of the engine-driver, and it is constantly ready 
to act when occasion requires. The name given to this break is Parachoc m 
New Rifle-Barrel . — A new mode of forming the spiral -inside rifle-barrels 
has been registered by Mr. Lancaster. Instead of making the spiral of a 
regular helical form throughout, that form is adopted only in the first half 
of the barrel, commencing at the breech ; the other portion being on an 
uniformly accelerating geometric carve. The advantages said to be gained 
by this method are-—dimioution of the recoil, a sustained spiral motion 
without the preseot liability iu rifles of stripping the ball, and a larger 
* range with the same charge of powder. 

The College at Putney .— The Admiralty experiments on coals for the steam 
navy, are continued at Putney College, in the buildings erected there by 
government for the purpose. Dr. Lyon Playfair has recently constructed 
*for this College, the largest magnet that has hitherto been made. 

Mammoth Machine .— The Renfrewshire Reformer notices the manufacture 
by Messrs. T. Shanks, of Johnstone, an immense sloting machine for cutting 
•and dressing up, by self-action, the Cranks and cross-heads of the largest 
xnarioe steam-engines, finishing them throughout, from the rough block as 
they come from the forge. The machine is erecting for Messsrs. Pulton 
and Neilson, of Lancefield Forge, and the weight of the single casting 
which forms its base is 28 tons. This cast was executed by Messrs. John 
Goldie and Co., of the Hayfield Foundry, and took four months in the 
jnoolding. 

Manual Power Locomotive .— A Manchester paper states, that Mr. Archi- 
bald Farrie, an ingenions tnecbanic of that town, has invented a locomotive 
to be propelled by manual labour, which was successfully tried along 
-several of the streets of Manchester. The carriage was stopped every bow 
and then, to allow parties to inspect the movement of the machine — the 
working of which appeared to cause the driver only a slight muscular 
effort, aided by manual dexterity. The machine weighs 8 cwt., has no 
cranks, and has been worked by one man up an incline of 3 feet in the 
*nrd, while twelve persons were in it. 


IiI8T OF NEW PATENTS. 

GSAKTXD IN ENGLAND FROM APRIL 27, TO MAY 26, 1848. 
Six Months allotted for Enrolment , unless otherwise expreseed. 


William Newton, of Chancery. lane, Middlesex, civil engineer, for " Improvements In 
machinery for burring, ginning, and carding wool and cotton or similar fibrous materials 
requiring those processes.** (A communication.)— Sealed April 27. 

Edward Walmsley, of Heaton Norris, Lancashire, cotton spinner, for '* certain Im- 
proved apparatus for preventing the explosion of steam boilers.**— Apri 217. 

WUUam Henry Barlow, of Derby, civil engineer, and Thomas Forster, of Stroathani 
Common, Surrey* gentleman, for ** improvements in electric telegraphs and in apparatus 
connected therewith.'*— April 27. 

Thomas Edmondson, of Manchester, machinist, lor '* Improvements In marking and 
numbering railway sad other tickets or surfaces, aud in arranging and distributing 
tickets.**- April 27. 

Daniel Bice Pratt, of Worcester, In the State of Massachusetts, America, for "ma- 
chinery for connecting railway carriages." — April 27. 

r James K. Howe, of the city of New York, In the United States of America, for "Im- 
provements in building ships sad other vessels.**— April 27. 

Roger George Salter, of Birkenhead, in the county of Chester, surveyor, for "certain 
Improvements la certs for the distribution of liquid substances, and in the construction 
of drains, sewers, and cesspools, and in the cleansing of the same." — April 27. a&i » 

Charles Fielding Palmer, of Birmingham, for " a new or improved chalybeate water.*’ 
— April 27. 

Alexander Parkes, of Birmingham, experimental chemist, for "Improvements In the 
manufacture of metals and in coating metals." — April 27. 

William John Nonoanville, of Park Village, Middlesex, gentlemen, for " certain Iocu 
provern ents in railway or other carriages, partly consisting of new modes of constructing 
the axle-boxes and journals of wheels ; also an improved method of lubricating the said 
journals or other portions of machinery, by the Introduction of aqueous, alkaline, olead 
gtnous, or saponaceous solutions.”— May 2. 

• Isaac Harles, of Roaedale Abbey, Yorkshire, farmer, for " certain Improvements In 
machines or machinery foharrowing, sowing, sod manuring land." — May 2. 

Isaiah Davies, of Birmingham, engineer, for (< Improvements In steam-engines aa0 
locomotive carriages, parts of which art also applicable to other motive machinery.'*— 
May 2. 

Alexander Southwood Stocker, of York-place, City-road, Middlesex, gentleman, for 
** certain Improvements In time teachers and boxes, show cards, or holders for matches, 
pens, pins, needles, and other articles, and in the mode or modes of manufacturing the 
same.**— May 2. 

Fellcltd Baleen Selllgne, of 6, Boulevatt Beaumarchais, Paris, for "certain Improve- 
ments In propelling, and the machinery employed therein." (A communication from 
her late husband.)— May 2- 

Henry William Schwarts, of Great Saint Helen's, London, merchant, for “ Improve- 
ments in steam engines." (A communication.)— May 2 . 

Lewis Dunbar Brodie Gordon, of Abingdon- street. City, for '*00 Improvement or Im- 
provements In railways "—May 9. 

Wi lliam McLardy, of Salford, Lancashire, manager, and Joseph Lewis, of the same 
place, machine- maker, for " certain Improvements In machinery or apparatus applicable 
to the preparation and spinning of cotton, wool, silk, flax, and other fibrous substances.* 
—May 9. 

Richard Laming, of Clichy la Garonne, in the republic of France, foe " an Improve- 
ment or improvements in the manufacture of oxalic acid.'*— May 9. 

Edward Haigh, of Wakefield, plumber, for " an Invention for measuring water or any 
other fluid.*’— May 9. 

Vincent Price, of Wardour-atreet, Soho, Middlesex, machinist, for "certain new or 
improved mechanical atrangemeots for obtaining and applying motive power.**— May 11. 

Charles Hancock, of Brompton, Middlesex, gentleman, for "certain Improved prepar- 
ations and compounds of gutta pcrcha, and certain improvements in the manufacture of 
articles and fabrics composed of gutta percha alone, and In combination with other sub- 
■tancea.*'— May 11. 

Thomaa Res tell, of Tooting. Surrey, watch-maker; and Richard Clark, of the Strand, 
Westminster, lamp-manufacturer, for ** Improvements in chronometers, clocks, watches, 
and other time-keepers.”— May 11. 

George Armstrong, of Newcastle- wpen-Tyne, engineer, for " an Improved water-pres- 
sure engine.**— May 11. 

Mark 8mlth, of Heywood, Lancashire, power-loom maker, for " certain Improvements 
in looms for weaving.'*— May 11. 

William Taylor, of Birmingham, mechanist, for “ an Improved mode of taming up or 
bending fist plates of malleable metals, or mixture of metals, by aid of machinery. Into 
tubes."— May 18. 

George Henry Bursill, of Albany-place, Hornaey-road, James Paterson, of Baldwin 
street, Clty-road, and John Mathews, of Nonnan’s-bulidJngs, Old.street, engineers, 
Middlesex, for "a certain Improved method or methods of treating malt liquors and 
other liquids or fluids, and certain improvements in machinery or apparatus for effect!^ 
such improved method or methods of treatment.*'— May 22. 

Abraham Solomoos, of London, merchant, and Boody Aaulay, of Botberhlthe, Surrey, 
printer, for “ Improvements in the manufacture of gas, tar, charcoal, and certain adds.” 

—May 26 . 

Matthew Hague, of Waterhead Mills, Lancashire, machine maker, and Joseph Flrtji 
of Huddersfield, Yoikshlre, cotton doubler, for " certain Improve menu in machinery fb 
twisting snd doubling cotton yams and other fibrous materials."— May 26. 

Moses Poole, of London, gentleman, for " Improvements in propelling vessels." (A 
communication.)— May 26. 

James Parker Percy, of Clarendon-place, Nottlng-hill, gentleman, for " certain Im- 
provements in obtaining copper from copper ores.”— May 26. 

James Remington, of Wark worth, Northumberland, civil engineer, for " Improvements 
In locomotive engines, and in marine and stationary engines."— May 20. 

Thomas Richardson, of Newcastle upen-Tyne, chemist, for " Improvements in the 
manufacture of manure."— May 26. 

Felix Hyadnthe Folliet Louis, of Southwark, Surrey, gentleman, for "an Imptov d 
method or process of preserving certain animal products,**— Mgy 26. 
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IMPERIAL INSURANCE OFFICE, OLD BROAD St., CITY. 

John Gibson, Esq., Architect. 

(With an Engraving , Plate IX. J 

The progress of insurance companies, the great interest which 
is felt by ml classes in making a provision for the future, the es- 
tablishment of new offices, and the extension of business, have 
caused a demand for large public buildings, of architectural pre- 
tensions, and capable of giving the required accommodation. 
Thus, the City, in addition to the halls of its corporations, its 
banks, and its dock buildings, has now many ornaments to boast of 
in the noble offices erected for transacting the business of the 
assurance companies. It has been fortunate, too, that with the 
rise of these establishments, there has been a concurrent improve- 
ment in public taste, which has been productive of emulation among 
the architects, and has given us eacn year a better class of works. 

What the club is to the street architecture of the west-end, the 
assurance office is to the city ; and the edifices devoted to the more 
useful purposes of life, it is pleasing to see, are not inferior to 
those which are only the appendages of luxury. Indeed, the 
range of assurance offices in London, constitutes in its architectu- 
ral, as well as in its moral aspect, a characteristic of which England 
may be proud. The foreigner has hitherto envied us our charities, 
our parks, and our clubs ; he will now have another feature in the 
physiognomy of London, which suggests honourable associations 
in connection with the private and domestic habits of the profes- 
sional and middle classes, and testifies to their earnest and 
provident care for those to whose comfort their lives have been 
devoted. 

The Sun, the Alliance, the Amicable, the Globe, and the Atlas, 
are but a few among the buildings which will readily suggest 
themselves as coming within the class we have mentioned, each 
the centre of operations of some great institution, in which pro- 
perty to a large amount is insured, or on which thousands of wives 
and of children depend for provision when widowhood or orphan- 
age may be their lot. Of tne architectural merits of most of the 
buildings named, we have had the opportunity of speaking on 
other occasions ; we have now to add to our list the office of the 
Imperial Insurance Company. 

The Imperial Fire Insurance Company was formed in 1803, 
under a deed of settlement by which the capital was declared to 
consist of 2,400 shares, of £500 each, but on which, only ten per 
cent, has ever been called. The invested capital now exceeds half 
a million, to secure a permanent dividend of twelve per cent., 
payable half-yearly, independently of bonuses which have hitherto 
been equal to as much more, and accounts for the shares being of 
greater value than those of any other existing similar establish- 
ment. The Life Office (which, although bearing the same name and 
carrying on its business under the same roof, is a totally distinct 
concern) was formed under a similar deed of settlement, in 1820. 
Its capital consists of 7,500 shares, of £l00 each, on which only 
ten per cent, has ever been paid up ; to secure a dividend on 
which, payable annually, an ample capital is invested in the 
public funds, independently of an accumulated premium fund now 
exceeding £700,000, and bonuses which are declared quin- 
quennially. 

The directors of these two companies, finding the accomodation 
afforded by the premises they have hitherto occupied in Sun-court, 
Cornhill, inadequate to the wants of the respective offices, de- 
termined, in September 1846, to erect others on the site they had 
purchased at the corner of Old Broad-street and Threadneedle- 
street; for which purpose, several architects were invited to 
furnish designs, and having done so, Mr. Shaw, one of the official 
referees was called in to assist the directors in their selection : 
that resolved on the adoption of Mr. Gibson's design, now nearly 
completed by the Messrs. Piper, who took the contract for the 
erection. 

Mr. Gibson is the architect of the Baptist Chapel in Bloomsbury- 
street. of which we lately gave the elevation, and w ho mav consider 
himself pre-eminently fortunate in being able to make nis profes- 
sional debilt in two public structures, produced simultaneously. 
The one which forms the subject of our engraving this month, is 
the Imperial Insurance Office, which stands at the corner of Old 
Broad-street and Thread needle -street. It is an astylar composi- 
tion, of the Italian Palazzo style, executed in Portland stone, 
and has unquestionably made a very great improvement in that 
part of the city, if only by removing what usea to be a very ugly 
and inconvenient sharp corner ; in lieu of which, that angle is now 
cut off, and is made to form a distinct and distinguished compart- 
ment of the general design, and is so placed as to present itself to 


the eye in a very striking manner; and, with its two neighbouring 
buildings — the Hall of Commerce on one side, and the Mentor 
Assurance Office on the other — forms a rather important architectu- 
ral group, in which there is certainly no lack of variety, — the 
Imperial Office being as studiedly ornate as the other two are 
studiedly simple, not to say severe and cold in style. Or perhaps 
we should qualify our opinion by saying, that the fa?ade of the Hall 
of Commerce would loolc somewhat cold and bare as an architectu- 
ral composition, were it not for the panel frieze, which is in a double 
6ense a relief, and which, while it sets off the fa£ade, is in turn set 
off by its very subdued tone of decoration. A similar universal 
degree and mode of embellishment in point of sculpture, is also 
a trait in the design of the Imperial Office, all the key-stones 
of its ground-floor windows being enriched with carved masks or 
heads upon them — not a mere repetition of each other, but varying 
in character, — while the large panel in the upper part of the 
south-west compartment, between the Threadneedle-street and 
the Broad-street fronts, will display a relievo, consisting of two 
sitting female figures, considerably above life-size, with three 
shields between them, bearing the arms of England, Scotland, and 
Ireland: — which piece of sculpture, and the key-stones just men- 
tioned (amounting in all to fourteen in the two fronts), are by 
Mr. Thomas, an artist extensively employed at the new Palace of 
W est minster. Highly satisfactory is it to perceive such attention 
to artistic finish bestowed upon a building which, had it been 
erected some dozen or fifteen years ago, would have been turned 
out of hand very differently, — both with the minimum of detail 
and with the mmimum of design bestowed upon that , as witness 
the Alliance Office, in Bartholomew-lane, and the “Atlas,” in 
Cheapside, — or the City Club-house, in Broad-street ; all of which 
may claim the merit of being exceedingly simple and unartificial — 
provided unartifical and unartistic be synonymous and convertible 
terms. The Imperial Office has been enriched with great pro- 
priety, the ornaments being in perfect keeping throughout, and 
at the same time they are profuse and well-executed. 

We can now only allude to the interior, as it is not yet quite 
finished ; but every attention appears to have been bestowed upon 
the official arrangements, and every precaution taken to render the 
Offices fire-proof. The u strong-room” has been fitted by Mr. Lead- 
beater with wrought-iron doors, filled with a chemical compound 
for making them perfectly fire-proof, and ventilating gates. This 
room appears to be a perfect pattern of safety. 


C ANDI DUS’ S NOTE-BOOK, 
FASCICULUS LXXXIII. 

" I mutt have liberty 
Withal, as large a charter at the winds. 

To blow on whom I please." 

1. One of the essays in the piquant little volume, entitled 
u Friends in Council,’’ is upon the subject of Public Improvements. 
As to the essay itself, it is disappointingly brief, and deals too 
much in, or rather is confined to, abstract generalities. There 
are, however, one or two remarks introduced in the subsequent 
conversation between the “ Friends” themselves, that deserve to 
be pointed out. . The first of them which I select would furnish 
matter for a discourse or paper of some length: — “ Milverton : 
c There is one thing 1 forgot to say, — that we want more individual 
will in building, I think. As it is at present, a great builder 
takes a plot of ground, and turns out innumerable houses, all 
alike — the same faults and merits running through each : thus 
adding to the general dulness of things.’ ” — Such system of house- 
manufacturing for the market operates, it must be confessed, 
very injuriously for architecture. A single design is made to serve 
for scores — perhaps hundreds, of houses ; nor is much study be- 
stowed upon that pattern or matrix design. So that it provides a 
sufficiently commodious dwelling, with all the useful routine ac- 
commodations looked for in a “ respectable” house, and a sufficiently 
tasty appearance externally — for your builders deal largely in the 
“tasty/ though not in the tasteful. — nothing more is thought of. 
London houses have no individuality : never do you find a single 
original or pet idea carefully worked out in any one of them. One 
advantage of this is, that you are as well acquainted with every 
nook and corner of your neighbour’s house as you are with your 
own ; another, that you are relieved from all responsibility on the 
score of taste, it being that of the confounded builders, — not 
your own. 
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II. To continue quoting: — in Ellesmere s — not the Earl's — 
reply, we meet with this somewhat perilous question : — 44 4 By the 
way, Milverton, I want to ask you one thing. How is it that 
governments and committees, and the bodies that manage matters 
of taste, seem to be more tasteless than the average run of people ? 
I will wager anything, that the cabmen round Trafalgar-square 
would have made a better thing of it than it is. If you had put 
before them several prints of Fountains, they would not have chosen 
those.'" To which Milverton responds: 444 1 think with you, but 
have no theory to account for it. — Partly, and even mainly, ac- 
counted for it might be, by saying : It is because in all such mat- 
ters, committees hold themselves to be utterly irresponsible for 
their acts, and because no one cares to convince them of tne contrary, 
by formally calling them to account. So long as Committees of 
Taste, or whatever else their actual designation may be, are suffered 
to carry on their councils and operations behind the curtain, what 
better can be expected than mere random experimentalizing and 
blundering, at John Bull's expense ? He it is, the British Donkey, 
though flattered by being drawn as the British Lion, who pays 
for all. 

III. 444 Now, Milverton,"' says Ellesmere again, 444 would you not 
forthwith pull down such things as Buckingham Palace, and the 
National Gallery ?'" To which the reply is : 444 1 would pull them 
down to a certainty, or some parts of them at any rate ; but whe- 
ther 44 forthwith ," is another question."' — As Mr. Blore's improve- 
ment of the Palace had been commenced before the book here 
quoted from was published, we are at liberty to suppose that, in the 
writer's opinion, such improvement does not render pulling down 
at all the less desirable, — perhaps, even more so than ever. As 
affairs have since turned out, the times are not at all propitious for 
schemes of building either new Royal Palaces, or new National 
Galleries. With regard to the Gallery, notwithstanding its imper- 
fections, it is susceptible of very decided improvement as it now 
stands,— capable of easily being made what it ought to have been 
at first. Even at present, it is not so much the 44 Gallery” itself, as 
the other buildings and accessories, that render Trafalgar-square a 
failure. Those on the east side are in the most pert and vulgar 
taste, and require to be pulled down quite as much, or even much 
more, than the 44 Gallery” — if anything is ever to be made of the 
Square as an architectural ensemble . As to the west side, the best 
that can be said of it is, that it serves as a foil to the 44 Gallery," 
and is more lucky than the latter ; probably owing to its being 
sheltered from the shafts of criticism by the august name of Sir 
Robert Smirke. Indeed, it is somewhat unaccountable, that those 
who are so dissatisfied with both the Gallery and the Fountains, 
should be so complacently tolerant of all the rest, and even go into 
extasies of admiration of St. Martin's Church, which, the columns 
of the portico alone excepted, is a compound of tastelessness, un- 
couthness, and deformity. There is not a single feature in it that 
harmonizes with the order, or is at all in the spirit of the style so 
professed. In one respect, the Church and the Gallery are nearly 
on a par, it being difficult to decide which is the ugliest — the 
steeple or the one, or the dome of the other. Both the one and 
the other may be said to contrast with the respective porticoes ; 
but there is a very wide difference between grating dissonance and 
that artistic contrast which, while it introduces variety and pre- 
vents too great sameness, contributes to general harmony. Of 
such contrast and harmony we have example in the human counte- 
nance, where the eyes and mouth are placed horizontally, and the 
nose forms a vertical line coming in between them. A regular and 
well-trained critic might object to this, and contend that nature is 
here at fault; and that there would be more pleasing regularity were 
either the nose placed in the same direction as the other features, 
or the latter in that of the nose. Still, there is very great com- 
fort left for him, if not for us — namely, that there is precedent — 
aye, universal precedent — for noses being placed just as they are. 
But now I am getting too rigmarolish ; therefore, break off. 

IV. 1 find that I have omitted an observation in Milverton's 
reply to Ellesmere's sneer at the taste of governments and com- 
mittees, that deserves to be attended to. 44 4 1 suppose,' ’* says the 
latter, 44 4 that these committees are frequently hampered by other 
considerations than those which come before the public, when they 
are looking at the work done. And this may be some excuse. 
There was a custom which I have heard prevailed in former days 
in some of the Italian cities, of making large models of the w orks 
of art that were to adorn the city, and putting them up in the 
places intended for the works when finished, and then inviting 
criticism. It would really be a very good plan in some cases.’ " — 
No doubt, but practicable only for small ornamental works, such 
as fountains, triumphal arches, public statues, monumental 
crosses, &c. A full-sized model of such an edifice as the 44 Houses 


of Parliament,” or even of the new building at Buckingham 
Palace, would have been rather too cumbrous and costly an affair 
for an experiment of the kind. Had any other design been chosen 
for the purpose than the Corinthian column — a model of which 
would have been altogether superfluous — the Nelson Monument 
might properly enough have been tried beforehand, by means of 
a full-sized model of it put up on the spot. Yet, when we con- 
sider w hat a mere farce was plaved with the model, or what was 
meant for model, of the Wellington Statue on the Archway, 
which was allowed to remain up only two days, when it was 
snatched away, lest it should be pelted at with further volleys of 
censure and derision, — we must pronounce trial by model — at 
least, when so conducted — to be altogether nugatory. If the 
Statue-committee made a show of 44 inviting criticism," they 
showed also wonderful alacrity in running away from it, after its 
very first fire. Inviting criticism before-hand, forsooth ! commit- 
tees have no notion of doing that. Their policy invariably is to 
stave it off as long as they possibly can. The public, it will be 
recollected, were not permitted to see the model of the facade of the 
British Museum, notwithstanding that there was one in existence, 
and that in the building itself ; and notwithstanding that some of 
the newspapers called out for its being liberated from durance under 
lock-and-key, and submitted to inspection and criticism. Well, 
we have now the fa 9 ade itself, and see both positive faults and 
numerous short-comings, all which might have been foreseen in 
the model, and ought to have been corrected accordingly. It is 
true, the facade is not generally ill-spoken of, — simply because it is 
not spoken of at all. It obtains not so much as a syllable of 
praise in any quarter ; and such silence is tolerably expressive of 
disapprobation and disappointment. The new building at Buck- 
ingham Palace, is in the same unenviable predicament. It has 
been abandoned to mockery and contempt, without a single fa- 
vourable word for it having been uttered by any one ; although 
there are some who would most readily have done so, had they not 
stood in awe of general discontent, and been apprehensive that 
they might injure their own credit with the public for judgment 
and taste, by attempting to persuade them that the design is at 
least not unsatisfactory. 

V. So long as committees, and those who have the management 
of public competitions for buildings, shall continue to be left irre- 
sponsible for their doings, there will be no end to both blunders 
and dishonesty. Persons who intend to act honourably and fairly, 
do not need to screen themselves behind a curtain, thereby exciting 
a suspicion that what they do will not bear the gaze of broad day- 
light. On the other hand, those who care only for the opportu- 
nity of exerting their own private influence, without regard to 
aught besides — even honourable dealing being left out of the ques- 
tion — ought to be made aware that if they so act, it must be at 
their own peril. There is scarcely a public competition of any 
importance that does not occasion complaints of unfair intriguing, 
and of bad faith on the part of the committee, — complaints that 
can very well be endured ; committees being sufficiently aware 
that with mere complaints, the matter complained of blows over, 
without proceeding to the extremity of exposure. All this is de- 
plorable enough ; but then, how is it to be remedied ? I should 
say, that what would go very far towards remedying it, if not 
remedying it completely, would be the making it illegal for any 
committee, or other body, to invite architects to a competition by 
public advertisement, without having a public exhibition before- 
hand of the designs sent in in the first instance, and without entire 
publicity in all other respects, the names of the committee being 
published, and reporters for the press being admitted to their dis- 
cussions on the relative merits of the designs. As matters are 
cunningly managed at present, we only know that Mr. A, or Mr. 
B's design has been selected for adoption ; but how many votes, or 
who were the persons who voted for or against, it is impossible to 
learn, much less the arguments they made use of. The Army and 
Navy C lub, who, it is to be presumed, call themselves gentlemen 
and men of honour, have laid themselves open to the imputation 
of the most bungling and bare-faced trickery, by calling an unlimited 
competition in the first instance, and afterwards setting that 
aside, and having a second one limited to «>, of course of their 
own choosing, after the site (at first rather an inconvenient one, 
and therefore tasking all the ingenuity of the first competitois) had 
been considerably enlarged, by taking in another house in Pall- 
Mall. The Army and Navy Club ought to blush at being con- 
victed of such downright knavery ; yet, they will not do so, be- 
cause they know that they are behind a curtain, and that the 
names of the committee cannot be shown up, as they deserve to be, 
as those of a pack of tricksy jugglers. One comfort, if a comfort 
it be, is, that they have tricked themselves ; for from what fees 
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been said of it, they seem to have got a most Pecksniffian plan for 
their building. Were I, as thank God I am not, a member of the 
Army and Navy Club, I should be tempted to hang myself out of 
pure vexation. After what they have done, Navy and Knavery are 
likely to become synonymous words. 

VI. The idea of manufacturing the picturesque out of such 
things as labourers' cottages is not a little absurd; more especially, 
when two most embarrassing conditions are annexed to the task — 
first, that they shall be erected at a minimum of cost ; secondly, 
that they shall be free from all those defects, discomforts, and in- 
conveniences which accompany and contribute to picturesque 
quality in the works of village Vitruviuses, which marked in their 
raw state only by uncouthness and meanness, are touched, tinted, 
and mellowed down by time and weather, into objects delightful to 
the painter s eye, and congenial subjects for his pencil. Dilapida- 
tion, or something approaching to it, and touches of lichenous 
vegetable incrustation, are almost indispensable to qualify a cottage 
for obtaining an artist's interest and vote. Nor must paucity and 
smallness of apertures be forgotten. Yet all these beauties , and 
many others not here enumerated, are only so many defects in the 
eyes of many well- meaning, but prosaic and anti-picturesque people. 
In fact, a cottage to look at , and a cottage to live tn, are two quite 
distinct things : the former requires all that constitute so many 
defects in the latter, and vice versd . While your philanthropist 
would have no such things as rags in the world, the artist, on the 
contrary, insists upon them ; not, indeed, for himself, if he can 
possibly help it, but rags he must and will have for his beggars 
and gipsies. And so is it with regard to cottages. I was speak - 
the other day to an artist friend of mine on the subject, and the 
schemes for improving labourers' cottages secundum artenu 
Shorn of sundry emphatic words, that may as well be here omitted, 
one of his observations was : “ At this rate, we shall not have a 
decently down-falling-looking old tenement, nor a properly beg- 
garly hovel in all England.” It was to very little purpose, I ob- 
served, that painters might draw upon their imagination for 
cottages, as they now do for a good many other things, cherubim 
included. So far from being consoled by the comfort I held out 
to him, he seemed rather nettled at my remark. 

VII. No doubt, cottages may be built so as to be exceedingly 
convenient and comfortable within, and at the same time suffi- 
ciently picturesque in external appearance — at least when Time 
shall have done his part to them, — until when, they would be apt 
to look as if they had just been unpacked and taken out of band- 
boxes. Moreover, they would be comparatively expensive affairs ; 
not perhaps quite so costly as royal cottages, but more so than 
suits the purses or else the parsimony of the devotees to the 
picturesque. There are bargain-hunters even in matters archi- 
tectural,— people who want things both cheap and tasty, but who 
generally find out in the end that by the change of a t into an n, 
they have got hold of what is termed the “ cheap and nasty.” It is, 
indeed, possible to produce tasteful and striking effect with com- 
paratively little or no money cost. Nevertheless, such effect costs 
something ; if nothing, or next to nothing, to the employers, it 
costs architects a very great deal, — nothing less than a life of study, 
and infinitely more study than many make to suffice for a whole 
life-time. Let me not be understood as saying, that comfortable- 
ness, convenience, and other more directly utilitarian than poetic 
or sentimental matters, ought at all to be interfered with for 
the sake of ensuring picture-like appearance. But 1 do con- 
tend that small dwellings, built with regard both to such comforta- 
bleness, and to strict economy in point of cost, can never be beautiful 
objects in any sense of the term, unless beauty and homeliness be 
one and the same thing. Neither are they likely ever to become 
even picturesque, — because what will render a mere hovel so, 
causes them to appear only tristefully squalid, and equally offensive 
to feeling and to taste. No one has yet discovered the way of 
making “ a silk purse out of a sow's ear.” Y ou may, indeed, tie 
a silk purse to it, and one well filled with gold : and so may you 
trick out a cottage with much that shall be from the very first 
highly pleasing, on account of its being studiedly elegant and 
tasteful ; but then it will be an expensive affair — at any rate, 
comparatively expensive, because if effect is to be attended to ana 
produced, there must be a good deal more or less beyond what 
mere necessity would dictate. Besides which, even if cost be not 
at all regarded, there is very great danger of a building of the 
kind, when intended partly as an ornamental object, turning 
out a very finical-looking one. He who is a mere architect, is not 
capable of treating such subjects properly : in order to do so, he 
must have more of the artist in him than falls to the share of 
architects in general. — or, instead of the artistic or artistic- 
picturesque, he will only give ns the artificial. Was ever painter 


so smitten by what may be called an architectural tricked-out 
comme-il-faut and secundum artem design, as to venture to introduce 
it into a picture ? As soon would he think of peopling a landscape 
with the satin-slippered and silk-stockinged peasants of the Opera- 
house, instead of the vulgar worsted-stocking, or perhaps stocks 
ingless, creatures of real life, — whether in the land of John Bull, or 
any other. Cottages that are really and positively picturesque, 
are those erected by people who never thought of the picturesque, 
or perhaps even never heard of such word. If it should be 
asked what it is then that has rendered them picturesque, I 
answer, Accident, and all that causes builders, surveyors, ap- 
praisers, and auctioneers to shake their heads at them, as if there 
was anything in them — I mean in their own heads. 


ARCHITECTURE AT THE ROYAL ACADEMY ; 

AND THE ARCHITECTURAL DRAWINGS AT THE EXHIBITION. 

Since our preceding publication, matters look more and more 
cheering — riper for reform, and indicating the necessity for it. 
The Art-Journal scruples not to tell its readers very bluntly that 
architectural drawings have no business to be in the Exhibition. 
The editor seems to have made up his mind that there could not 
possibly be two opinions as to the propriety of excluding them 
altogether ; and, to say the truth, they might almost as well be so, 
as experience the scurvy treatment they now do. As to the ill- 
will which he manifests towards architecture, we will merely say, 
that it is not exactly the thing for a gentleman to do who conducts 
an art-journal, and who professes to watch over the interests of 
art in all its branches, — and some of the lowest of them he takes 
under his especial patronage : much good may it do them. Con- 
sidering the quarter it comes from, we are not at all surprised at 
the ill-will just instanced ; but surprised we are, and that in no 
small degree, at an outrageous instance of similar feeling on the 
part of the Royal Academy. As the fact has been publicly noticed 
and animadverted upon by others, our readers will probably have 
guessed that we allude to a model of Miss Burdett Coutts's church 
having been sent in by its architect, Mr. Ferrey, and turned away ! 
No wonder, therefore, that there is nothing of the kind in this 
season’s exhibition. If there were any other productions of the 
same class that met with the same fate, we cannot say : it is just 
as probable as not that there were at least some ; yet, whether such 
were the case makes no difference as to the animus displayed by 
the Academy. Had more models been sent in than could possibly 
be accommodated, some of them must, of course, have been ex- 
cluded. But to reject while there was room — not to suffer so 
much as a single one to appear in the Exhibition, was really too 
bad, and showed singular want of tact also. If the Academy 
were determined not to admit models, they ought at least to have 
said as much in their advertisements to those who intended to 
exhibit. That would, at any rate, have been acting straight- 
forwardly. They might have been well aware, that although 
models actually exhibited might fail to obtain notice, the entire 
absence of them would excite remark. Had none been sent, what- 
ever remark had been made could not affect them, because they 
cannot compel persons to exhibit. But to act as they have done is 
nothing less than a solemn blunder, it being certain to lead to 
explanations and comments that are not at all to the honour of the 
Academy. If the painters are ashamed of having architecture in 
their company, let them honestly and openly declare as much, 
instead of resorting to every sort of mean and dirty trickery in 
order to force it out. If the Academy can shift without archi- 
tecture, the latter can shift equally well without the Academy, 
there being, most luckily, another royal, and eminently public- 
spirited body, which only waits for architecture being dismissed 
from the Academy, to bring it more effectively before the public. 
Nothing — so we are assured — but delicacy towards the Academy, 
has withheld the Institute from getting up an annual exhibition of 
architectural designs of every class, upon an adequate scale. 
W ell, they need not now be restrained by delicacy, for it would be 
entirely thrown away after the u exhibition” of the cloven-foot in 
their conduct towards architecture. 

For our part, we are not at all sorry that the Academy have 
acted as they have done, because they now leave no room for 
doubting of their hostility towards architecture. They have now 
fairly committed themselves ; and if architects should not now be 
stirred up to resent the insults put upon their art, and upon them- 
selves as a professional body, tney will richly deserve to be treated 
with ignominy and scorn. We would fain be of better hope. We 
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trust that not only they will properly resent it, but that the Pro- 
fessor of Architecture himself will now rouse himself from his 
lethargy and stand up for the honour and the interests of his own 
art If he do not do so, the sooner he has a successor the better ; 
fbreven should it be “ Mr. Pecksniff" himself, he cannot possibly 
do less and might probably do a little more. Mr. Cockerell is, 
we have no doubt, a very well-meaning gentleman, and sufficiency 
well qualified to discharge the duties of his office, so long as diffi- 
culties do not present themselves ; but he does not show himself 
to be the man who is both capable of and determined to meet diffi- 
culties boldly, and to exert himself energetically in behalf of that 
ait which his professorship at the Academy points him out to the 
public as the representative. If he has expostulated with the 
Academy in regard to their treatment of architecture, he does 
himself very great injustice in concealing it from the world; 
thereby leaving it to be inferred that he is altogether indifferent 

to the matter. „ , _ , , A , 

After this tirade , if so it should be called, though what we have 
said is neither uncalled for nor unprovoked, we were going to say 
that we resume, and proceed with our remarks on the subjects 
exhibited, when, as ill luck, or at any rate luck of some sort or 
other, will have it, we are perforce, compelled to postpone them 
till our next number, when we shall lay them before our readers. 
In the meanwhile, we have at any rate given them something to 
cogitate upon, inviting those who may agree with us to support us 
in our opinions by expressing their own, and assuring those who 
may happen to dissent from them that we are quite ready and wil- 
ling to receive and listen to whatever they may have to advance 
that shall countenance the treatment which architecture receives 
at the hands of that specimen of royalty — the Royal Academy ! 


COLLISION OF TRAINS. 

In the following paper we propose to determine the shock ex- 
perienced at any part of a railway train during a collision, and to 
propose methods for obviating the mischief that ensues. To sim- 
plify our ideas, let us first suppose the weights of the separate 
carriages all equal, and the buffers removed. Let the number of 
carriages be N ; the impulse on the first carriage that sustains the 
shock R ; r n the impulse between the nth and n + 1 th carriage : 
then the velocity in all parts of the train being the same relatively, 
both before and after impact, the carriages being supposed in- 
elastic, and the masses of all the carriages equal, we shall have the 
following equation : — 

rn + 2 — r n + l = r„ + \ — r w , for all values of n ; 
or,r« + 2 - 2 r» + i+r/i = 0; 

a linear equation of differences, the solution of which is 
r H — (Cn C') ; but r,. (the impulse on the last carriage out- 
side) = 0. 

. • . C' = 0 ; and “ (C N) = R. 

„ R ‘ i R 

C = and r„=—u. 

If the masses of the carriages had been unequal, m n the mass 
of the nth carriage, we should have had N equations of the form 

l" + 2 - ~21 n * !- = — from which to determine r«, &c. 

inn + 2 Wj» + 1 

From this we conclude, that in a train of equally-loaded carriages 
the shock increases directly as the distance of any given carriage from 
the end of the train farthest from the point of impact . 

The design of buffers is to diminish the violence of the shock ; that 
is to say, to change impulse (which is intense pressure continued 
for a very short time) into a lesser pressure continued for a longer 
time ; but, as we shall immediately show, it is not practically pos- 
sible to construct buffers capable of thus translating the whole or 
any considerable part of a violent shock — such, for instance, as is 
experienced when an express-engine accidentally is turned into a 
siding upon a heavy luggage-engine. To take an example : — Let the 
express-engine weigh 20 tons ; its rate be 40 miles an hour ; the sta- 
tionary luggage-engine weigh 30 tons : then, if tw, m', be the masses 

of the trains, v the velocity of the express, and R = ; 

m + m 

v expressed in feet per second = 60 nearly ; 

20(2240) , 30(2240) , . , „ 

™ — — — ; m =z — _ - nearly, m masses of a lb. weight. 

Jti 32 


. • # R = nearly 50,400 units of momentum, or the momentum 
is the same as would be occasioned by a mass of 3,200 lb. weight 
impinging on a fixed obstacle at the rate of 504 feet a second. 

Let us now determine the pressure on the head of a buffer which 
is capable of translating this shock into a continuous pressure. 
Let the play of the buffer be supposed 2 feet, and the thrust vary 
as the distance by which the rod is depressed. Let p be the 
pressure when the rod is thrust in a distance x ; P the pressure 
when the rod is thrust in a distance 1 : then p = P x. 

At the time f, from the commencement of the impact, let the 
end of the buffer have moved forward a space = z ; the head of 
the buffer has moved forward a space = z - x : therefore, the 
luggage-engine has been pushed forward a space = z — x. 
Therefore, neglecting the mass of the buffer as small compared 
with the masses of either of the engines, we shall have these 
equations (the luggage-engine being supposed without buffers) : — 


d 2 z D d i x\_ l > 

m dT‘ = ~ P * ; m (dt '* " dt‘) ~ 

d 2 z d* x / P . P \ 

Eliminating — , we get — = 

\dt> \m ' m l \m ^ m') 

/P P \ 

When x = 2 the blow is expended, and v* = 4 + —,)• 


. • . P = v *( mm ) = 756 000 lb. ; and the greatest pres- 
4 (m + m’) 

sure = Px2 = twice this quantity, or 675 tons. 

It is needless to say that such a buffer is purely imaginary. A 
far better plan would be, to have one or two carriages of very 
slight construction, and filled with any kind of soft and yielding 
material, at both ends of a train. There is little doubt but a con- 
trivance of this kind would destroy entirely the effect of many shocks 
which, unless so counteracted, would be sufficiently violent to en- 
danger life. In the above example, to avoid the difficulty of calcu- 
lating the effect of several buffers acting at once, the case of a 
single engine impinging on another has been considered. But 
when trams are attached, it is clear that the shock will be still 
greater than that just calculated. 

If the play of the buffers— that is, the distance through which 
they are capable of moving, be extremely small as compared with 
the length of the carriages, the velocity at every part of the 

train will be the same. Therefore, jp is the same at every part ; 


and if P„, P»-i, be the pressures on the nth carriage, arising 
from the buffers, P w - Pn-i = P*-i-P»-2 (the weight of 
the carriages being supposed uniform), — and, as before, if F be 
the pressure on the buffer of the carriage nearest the shock, — 


P 71 will = 


nF 

IT’ 


Returning to 


. m . id x 

the equation ( 


[dti 



when — = 0, and the buffer is driven as far as it will go, 



From this we see the gicat advantage of having a long play on 
the buffers : the pressure P will be diminished in a ratio varying 
as the square of the length to which the buffer plays — that is, if 
the length of one buffer-rod be twice the length of another, and the 
strength of the spring of the first be only one-fourth the strength 
of the spring of the last, the amount of shock destroyed by either 
will be the same. 

The practical effect of buffers, as they are ordinarily disposed 
throughout a train, is to resolve so much of the impact as they 
cannot altogether absorb, into a series of impacts of lesse 
momentum ; for let us consider what would happen supposing a 
train, the several parts of which are separated by buffers, to im- 
pinge on a fixed, immoveable obstacle. So long as the buffers are 

all acting, P„ = — - ; consequently, the pressure on the first 

pair of buffers is greater than the pressure on those behind. Let V 
be the velocity destroyed by the total shock, cV the velocity 
destroyed by the time the first pair of buffers has ceased to act : 
then a velocity (1 — e). V ha9 to be destroyed in the first carriage by 
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a force of impact, — for the pair of buffers behind will be still 
acting for some little time after the first pair have ceased to act. 

Again, let e'V be the velocity destroyed before the second pair 
of buffers cease to act ; then, as before, the second carriage will 
be suddenly brought to rest by an impact on the first carriage ca- 
pable of destroying the velocity (l — e').V in the second carriage. 
Next, the third carriage will be suddenly stopped ; this, likewise, 
will communicate a shock to the first, though less than it commu- 
nicates to the second ; and so on. These shocks and motions will 
he somewhat varied by the resiliency of the buffer-springs, and the 
impulsive friction of the rails against the wheels this latter dis- 
turbing force we have altogether omitted, as being comparatively 
insignificant. On the whole, then, it appears that buffers very 
much diminish the intensity of a shock, although they are in- 
capable of utterly absorbing it, supposing it to be of great intensity. 

I. H. R. 


ON STONE WALLS AND EMBANKMENTS FOR 
RESERVOIRS OF WATER-WORKS. 

By R. G. Clakk. 

The intention of this paper is to treat of the pressure of water 
against walls and embankments of reservoirs for water- works and 
canals, and to lay down some easy formulae to find the necessary 
dimensions so as to effectually resist the pressure of the water ; the 
demonstration of these formul® being effected by the simplest 
methods of investigation. We shall first exhibit some investiga- 
tions for stone walls. The level of the surface of the water in all 
cases to be supposed on a level, or co-incident with the top of the 
wall or embankment, so as to favour the stability of the structure 
in case of floods or violent agitation of the water by storm winds, 
— although the water might be when in a quiescent state but two 
feet from the top. The following description of walls are required 
to inclose a few acres of water, when there is no suitable kind of 
earth to be obtained in the locality for forming an embankment. 
The walls are to be constructed in solid masonry, of a uniform 
connection in all its parts. 

I. Given the height of the wall, the depth of the water being the 
same, and the batters on each side of the wall equal ; to determine 
the thickness of the wall at the bottom : — 

Let A BCD be a vertical section of the wall; D W the level 
of the water ; let v denote the required thickness, A B, of the wall ; 
the batter, B F or E A, by 6 ; the height of wall by a ; the specific 
gravity of water by unity ; and that of the material by *. After 
some reduction, we have for the equation of equilibrium, 

4 abx-^b 2 a-^a 3 + sMm = 0 (a); 

(see w Moseley's Hydro- 
statics,” Art. 51), where 
M = area, and m hori- 
zontal distance of cen- 
tre of gravity G from A ; 
M = 4 a (2 x — 2 6) = 
o (x— b) ; and m = 4 x ; 
Therefore, 

«Mw= 4 ax (#— b) s = 
moment about A ; which 
substitute in the above 
general equation, 



Fg. 1 .i 


we have j? + ^ — b j x = ° - 


(!)• 


Ex. Given the height of the wall = 24 feet ; batter each side, 

4 feet ; and the specific gravity of the material, 2 : to find the 
thickness at bottom and top. 

Here « =: 24 ; 6=4; and s = 2. 

Substitute these values in (1), we have a 3 - 2 x = 98*6; 

. • . x = 11 nearly = AB; and CD=3. 

II. Let the vertical section of the wall be rectangular, or the 
sides vertical ; to find the thickness at bottom : — 

Now area AB CDX j distance of centre of gravity from A = £ a 3 

•• «**=!«*; hence, * = (8). J 


Ex. Given the height of the wall = 24 feet, and the specific 
gravity of the material, 2 : to determine A B. 

1/ /2 4 2 \ 

x = v = 9 *8, th® thickness required. 

III. Let the side of the^wall next the water be battered, and 
the side behind vertical*; to determine A B, the thickness at the 
base. 

Let A B C D be the vertical section, and let fall the perpendicu- 
lar CE. 

The momentum of the triangle 
CEB about A from its horizontal 
distance of centre of gravity g y 
s.}abX(ib-)rX-b). 

The momentum of rectangle 
D C A E about A from its centre of 
gravity, 

s a (x — 6) X 4 (x — b). 

Adding these two together, and 
substitute for 8 M m in equation (a), 
as in first case, we have, alter 
transposing, 

q« + y 

3 8 



_i 6= 

3 


(3). 


Ex. Given the height of wall, 24 feet ; batter, 4 feet ; and 
specific gravity of stone, 2 : required the thickness of the top and 
bottom. 

By substitution of the above values in equation (3), 
we have, x 3 — 2 x = 92*7. 

Solving this quadractic, we have x = A B = 9*2 ; top, 5*2. ' <55 
IV. When the wall is battered behind, and the side facing the 
water perpendicular. 

The two first terms of (a) vanish when 
B D is vertical ; . • . 8 M n = £ a 3 . 

The moment of triangle A E C about A, 
by its horizontal distance of its centre of 
gravity, 

s . £ a b X # 6 ; 

and also of rectangle C E B D about A, 
a (x — b) X (*• + —g— )*; 

. • . substituting the sum in equation (1), 



we have x* = ~ 5 6*. 

Ex. Given the dimensions of the wall as in last example ; to 
determine the thickness at bottom : — 

•** = + 11 = 96 + 5-3 = 101-3 ; 

. • . x =: 10* = A B ; and C D = 6* 

For additional strength to the above walls, it would be well to 
insert at the centre of them one tier of bond, about two-thirds the 
height from the top, which will be at the centre of pressure. 

V. We shall now give a case where earth shall be required in the 
construction of an embankment, of the form of a trapezoid, 
having a vertical clay puddle-wall in the middle, and the slope 
facing the water being paved with suitable material, with a puddle 
under. In case of any contraction of the clay, there would be a 
separation of the clay from the earth ; therefore, the triangle 
DEB should be of sufficient strength alone to resist the fluid 
pressure, either against sliding or revolving on D. The water is 
supposed to be co-incident with the top of the embankment. 



Let D B = a ; B E = a. Draw P M parallel to F E ; and the 
horizontal pressure of water = momentum B P M X horizontal 
distance of centre of gravity from D ; 


■ *• = 






DI5= V(j)a 
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Ex. Given the height of the embankment, 20 feet ; specific 
gravity of material = 1*4 (water being unity) : to determine 
the base D E of the triangle DEB; also the whole width of 
bottom, when it has a horizontal surface A B at top, 3 feet wide. 

*=1-4; BD = a; B E = ^(~ 4 ) 20 = 16-8 feet required ; 
therefore, the whole width FEr: 36*4. 


THE CIVIL SURVEYORS AND THE MILITARY 
SURVEYORS. 

The Surveyors' Association is proceeding vigorously in its de- 
fence of the professional rights against the government usurpation, 
though we very much wish that they had taken this course at an 
earlier period, for we long since pointed out to them the course 
of invasion which the military employees of the government were 
carrying oh against the public. Among the late allies of the go- 
vernment jobbers is our contemporary, the Athenaum , usually 
among the foremost advocates of sound and enlightened policy ; 
and we have no other means of accounting for the remarks contained 
in the number of the 17th June, than by the supposition that its 
sympathy in the cause of sanitary reform has been taken advan- 
tage of by some of the jobbers, to foist on the editor a mis-state- i 
ment of the case. It is by alarming the sanitary reformers that . 
the jobbers hope to hide their own designs, representing that there , 
is an attempt to prevent the sanitary plans from being carried out j 
in the most efficient manner ; whereas the same issue is pleaded 1 
against them. The Athenceum cannot be expected in its literary | 
capacity to take part in all the details of engineering questions, and | 
it is quite excusable that it should give way to the assumptions of 
the military engineers. We do, however, hope that the editor 
will re-consider the case, and not give the weight of his advocacy 
to a course of policy which is eminently calculated to retard the 
progress of sanitary reform. 

At the present day, there is an assumption on the part of the j 
government functionaries, that it is the government which has | 
effected the great sanitary reforms already made, and that none 
but government functionaries can carry them out ; whereas, the 
whole statement is utterly untrue. The great improvements in 
sewage were made by the exertions of members of the engineering 
profession, before the government had any share in the adminis- 
tration ; and the plans now being carried out are those emanating 
from the officers of the old commissions. What the government is 
answerable for, is — first, neglect, in allowing the old irresponsible 
commissions to exist; and second, usurpation, in assuming the ad- 
ministration of the sewers to a new set of irresponsible commis- 
sioners, instead of establishing representative commissioners. 
The government parties make a great fuss about the new' era of 
sanitary reform, with which they have as much to do as a cuckoo 
has with the construction of a sparrow's nest; the new' era of 
sanitary reform, and the new lights on sewage engineering^ having 
emanated not from government, but from Messrs. Roe and 
Phillips, who originated the present cheap and efficient plans, and 
carried them into practical execution. So, similarly, the plans for 
the supply of water by constant service did not emanate from 
the government, but from the hydraulic engineers. Hitherto, all 
that has been done in sanitary engineering, as in every other de- 
partment of engineering, which has been done efficiently, has 
been done by the civil engineers, and not by the government en- 
gineers ; and it never can be done efficiently except by the civil 
engineers. For this reason alone, we should view with jealousy 
any attempt to supersede the civil engineers. 

The Atherupum has given faith to the assumption that the 
military engineers have a superiority in their professional 
capacity, whereas the issue is not whether they have a superiority, 
but whether they have an equality. Wherever the military en- 
gineers have been put to the test, they are found most inefficient ; 
their engineering works in Canada and the colonies are far from 
creditable to them, or satisfactory to the nation ; their volume of 
scientific papers is principally the production of civilians, or on 
civil works ; and their surveys hitherto, although they cannot be 
subjected to any rigid test, have nevertheless been attended with 
serious disappointments. In the engineering world, the military 
engineers have no professional standing or reputation. 

The Athenaum does not seem to be aware that we have in 
London, engineers competent ‘to conduct a trigonometrical survey, 
which involves the nicest points of astronomy, and requires all 


the resources of mathematical analysis,' — when a reference to the 
Institution of Civil Engineers is quite sufficient to show the 
mathematical capabilities of its members ; and if the Athenaum 
had adverted to the evidence as to this, given from time to time in 
its own columns, it would not have had any difficulty in saying 
who were competent to conduct the survey. If, however, the 
military engineers are under a slur in their professional capacity, 
it must be recollected that such as they are, they are not the 
arties who carry out all the details of the survey, which are done 
y the body of privates, many of whom are got from hedge-schools 
in Ireland. If the Athenteum had been aware of this, it would not 
have spoken of the inferior attainments and little experience of a 
great many of the lower surveyors — the worst of whom are, we 
believe, some of the best men oi the government corps, who leave 
it as soon as they learn something, and set up for themselves. 
Even in the operations which are going on, hardly an officer 
is to be seen in the streets, but the duty is left to the privates. 
Mr. Bidder, Mr. Gregory, Mr. Simms, Mr. Barlow, or Mr. Buck, 
is not needed to perform the lower operations of a survey, which 
will certainly be as well performed by the repudiated surveyors as 
by the government corporals and privates. With regard to Mr. 
Edw'in Chadwick’s statement, that one of the associated surveyors 
was five years ago a journeyman carpenter, we cannot see what 
that has to do with the question, unless he states how many 
of the assistants on the government survey were journeymen 
bricklayers or clodhoppers five years ago, or what impediment 
his own former occupations are to his proficiency in sanitary 
science. 

We join issue as to the competency of the government en- 
gineers, and as to their merits in comparison with the civil 
engineers. We join issue, likewise, on the point of cheapness. 
Mr. Chadwick knows very well, that in any comparison of cost, 
the general charges of the body of military engineers must be 
added to the special estimates. If he were not trying to uphold a 
job, he would not quibble upon it. We are, however, most sur- 
prised, that after the declaration in the House of Commons, the 
government have determined to put the country to an expense for 
this military survey, while the progress of the ordnance survey 
will be impeded. 

The Atherueum has been likewise misled upon the point that 
the case of the surveyors has been ^decided by a competent and 
impartial court ; whereas, the decision as yet has been an ap- 
proval of Mr. Edwin Chadwick's scheme, by Mr. Edwin Chad- 
wick's own board, — and this is what the associated surveyors are 
trying to upset ; for they consider, in common with the great 
body of the profession, that they have not yet got “ a hearing,'' 
and they are now' “ trying for a hearing^' in which we hope they 
will be supported by the Atheiueum , which would not, we nelieve, 
have countenanced Mr. Edwin Chadwick’s plans if it had been 
informed of the whole truth of the case. 

The Atheiueum boldly says, that “ as the nation builds its own 
ships, bores its own cannon, and does all things else which can be 
done with its own workmen, why should it not make its own 
surveys ?" We answer, that the government has ships and ma- 
chinery made elsewhere, cannon cast elsewhere, and many other 
things made elsewhere ; and that, on the other hand, whatever is 
done by the government, is neither done well nor cheaply. The 
ordnance works, the dockyards, the post-office, and the mint, 
would be a disgrace to any merchant or partnership or ioint-stock 
company. In the present case, the military surveyors have quite 
enough to do in the north of England, where they are wanted to 
finish the ordnance wit- survey. 


Import and Export of Metalt. — It appears from the return of the imports 
and exports of lead, copper, tin, and zinc, ordered by the House of Com- 
mons, that the total quantity of lead ore imported was 507 tons, of which 
400 tons were from France, and the remainder principally from New South 
Wales. Pig and sheet lead imported amdunted to 3,932 tons, of which 216 
tons only were retained for home consumption — the rest being re-exported. 
Of British lead there were exported 8,259 tons, of which France took 1,765 
tons *, Russia, 1,754 tons; East Indies, 1,055 tons; and Holland, 806 tons. 
— The total quantity of foreign copper ore imported was 41,490 tons, of 
which 23,831 tons were from Cuba — the quantity of fine copper contained 
therein being 8,920 tons. The quantity of metallic copper imported was 
513 tons ; retained for home consumption, 70 tons. The quantity of copper 
exported was 15,142 tons. — The total quantity of tin imported was 1,165 
tons, of which 161 tons were retained for home consumption ; and the ex- 
ports were 1,741 tons British, and 547 foreign. — The total quantity of zinc 
imported was 12,769 tons; and exported 886 tons British, and 3346 tons 
foreign. 
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NOTES ON ENGINEERING.— No. IX. 

By Homersham Cox, B.A. 

Synoptic Tables for calculation of Earthworks in Level and Sidelong 
Ground on Railways . 

No earthwork tables have hitherto been published for the ex- 
press purpose of facilitating calculations for SIDELONG 
GROUND. The present is an effort to supply this want, which is 
much felt on account of the number and complexity of the opera- 
tions usually required for adapting the published tables to the cases 
referred to. According to the existing methods, it is necessary 
when the ground slopes laterally, to calculate the areas of the 
sections, and extract tne square root previously to reference to the 
tables. By the method here proposed, these antecedent calcula- 
tions are wholly avoided : the numbers are taken from the table 
without any previous computation^ and require only to be multi- 
plied by the natural and artificial slopes. 

The tables are also easily applicable in calculation for LEVEL 
GROUND ; and it is believed that for both purposes the methods 
will be found very simple and expeditious. The tabular numbers 
are calculated for every half foot . When greater exactness is ne- 
cessary, the calculator is referred to the admirable tables of Mr. 
Bashforth. The manuscript computations for those tables have 
been kindly placed at the disposal of the present writer, and have 
enabled him to check the accuracy of a great part of his own re- 
sults. 

It is not intended to demonstrate at length the formula of com- 

E utation, as they depend on well-known theorems : the following 
rief account of them is sufficient for the present purpose. 

Let A C D B be a section in a railway cutting in level ground, 
C D being the formation level, and A C, B D, the artificial slopes. 
As A B is horizontal, the points A, E, and B, are all at the same 



vertical height above the formation level : call this height a, 
measured in feet. 

Let a similar section be taken at a distance along the railway of 
66 feet, or one chain from the above, and let the vertical height 
there be b feet. The solid content in cubic yards of the solid 
terminating in E D B, is ff (a 2 + ab r. 

The solid content is y arw;r being the “ slope” of the 
embankments, the measurement of which will be explained more 
fully presently ; w the width in feet of the formation level. 

Next, let ACDB be a section in sidelong ground — that is, 
ground inclined laterally or transversely to the railway. Here 



there are two sets of heights to be considered — those on the right 
hand, and those on the left hand of the railway : and there are 
two “ slopes — that of the natural ground depending on the in- 
clination of A B ; and that of the artificial embankment, depend- 
ing on the inclination of either A C or B D. Call the natural 
slope R, and the artificial slope (as before) r . If a and A be the 


heights (in feet) of the points A and B respectively, above the 
formation level C D, the area of the triangle AFC = i(R4- rla*- 
and of the triangle BFD=i(R -r) A*. ' * 

Similarly, if another section be taken at a distance 66 feet along 
the railway, and 6 , B, be the coi responding heights, the areas of 
the two triangles similar and similarly situated to A FC, B FD 
respectively, are \ (R + r) 6 3 ; and 4 (R- r) B 7 . ’ 

The solid content (in cubic yards) of the solid terminating in 
AFC= (R + r)£f (A*+ AB + BO- 


The larger of the accompanying tables 
44 (a 2 + a b + & 2 ), for every half foot of the 


gives values, or 

/; — — two heights, up to 

wv respectively. The smaller table gives values of 
V a X by various widths of the formation level. 


50 and 60 feet, 


METHODS OP USING THE TABLES. 

For Level-lying Ground . — Multiply the tabular number in the 
larger table corresponding to the heights of two successive sec- 
tions a chain apart, by twice the slope, and add the number from 
the smaller table, corresponding to each height separately. The 
result is the number of cubic yards required. For instance, let 
the heights be 294 feet and 45 feet ; the base, 30 feet ; and’ the 
slope 2 (to one). In the larger table, the number corresponding to 
{294, 45} is 1710. This, multiplied by twice the slope = 6840. 
Add, from the column for base 30 in the second table, the number 
for 294 (which is 1082) ; and also the number for 45 (which is 
1650): and the total (9572) is the quantity of cubic yards re- 
quired. 

The following is an example of the quantities corresponding to 
four sections, a chain apart, the corresponding heights being 16, 
204, 30, and 444, respectively : the base, 33 feet : the slope, 24 (to 
one — consequently, all the first tabular numbers are to be multi- 
plied by twice 24 (or 5). 


Heights. 

r«o4 

L30 * 


30 

444 


1st Tab. Not. 


Multiplied by 
twice Slope. 


398 


1990 


2nd Tab. Nos. 
to Base 33. 

645 


788 3940 


[: 


.1717 


8585 


827 

827 

1210 

1210 

1794 


Sum. 


3462 


5977 


.11589 


Answer 21028 

When the sections are at greater or less distances than one chain 
apart, quantities between each two sections must be multiplied by 
the corresponding distances. For instance, suppose in the above 
example tne sections had been 1$, 2, and 3 chains apart: re- 
peating the sums in the last column of the above scheme, we 
have 


Sums. 

3462 

5977 

11589 


Distances. 

x 14 

X 2 

X 3 


Products. 

5193 

11954 

34767 


51914 Am. required. 

For Sidelong Ground. — Here the larger table alone is used. 
There are two sets of heights, those on the right-hand side of the 
railway, B / ; and those on the left-hand side, Ae (fig. 2 ). These 
sets are to be kept quite distinct . Multiply the tabular numbers cor- 
responding to the greater heights by the difference between the 
natural and artificial slopes, and the tabular numbers correspond- 
ing to the less heights by the sum of artificial and natural slopes : 
the difference between these products is the result required. 

For instance, let the natural slope be 6 £ (to one), and the artifi- 
cial slope 14 (to one) : the sum of the slopes is 8 , the difference 5 . 
Also, let the heights be : 1 st section, 204, 10 ; 2 nd section, 52, 30. 
The two major heights, 204 , $2, are taken together ; and the two 
minor heights, 10 and 30, are taken together. The number in the 
table for the first pair is 1707 ; which, multiplied by 5, gives 8535. 
The height for the second pair is 529 ; which, multiplied by 8 , 
gives 4232. The difference of the two products, or 4303, is the 
answer required. 

Where the slopes remain unchanged for several successive sec- 
tions, the sums of each set of the tabular numbers may be multi- 
plied by the slopes, instead of multiplying each tabular number 
separately. For instance, let the natural slope be 3 (to one) ; the 
artificial slope, 1 (to one). Also, let the heights be, first section. 
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36, 10 ; second section, 66, 201 ; third section, 39, 12 ; fourth sec- 
tion, 45, 15. The calculation is as follows : — 


Greater Heights. 

Tab. Nos. 

Less Heights. Tab. Nos. 

35, 56 

2575 

10, 20 i 

295 

56, 39 

2787 

20 12 

330 

39, 45 

2159 

12, 15 

223 

Total 

7521 

Total 

848 

by diff. of slopei 

s 2 

Mult, by sum of slopes 

4 


15042 


3392 

Subtract 

3392 




11,650 

Answer. 



If the sections were at unequal distances apart — say 2. li, 3 
chains— each tabular number would have to be multiplied by the 
corresponding distance. The above example would then be modi- 
fied as follows : — 


Tab. Nos. 

Distance. 

Product. 

Tab. Nos. 

Distance. 

Product. 

2575 

X 2 = 

5150 

295 

X 

2 = 

590 

2787 

X H = 

3716 

330 

X 

li = 

440 

2159 

X 3 = 

6477 

223 

X 

3 = 

669 


Total 

15343 



Total 

1699 



2 




4 



30686 




6796 


Subtract 

6796 






23890 Answer. 

To extend the large table where either height exceeds 60, take four 
times the tabular number for half the given heights. For instance, 

the tabular number for { 100, 20 } is four times that for {50, 10 } • 

To extend the small table , where either height exceeds 55, add the 
tabular numbers for any two heights which together make up the 
given height. For instance, the tabular number for 60 is the sum 
of the tabular numbers for 50 and 10, or of those for 55 and 5, &c. 

To find the tabular number in the greater table . Look for either 
height in the horizontal row of index figures, and for the other 
height in the vertical row of indices. The tabular number re- 
quired is beneath the one index and opposite the other. In the 
small table used for level-lying ground, only one index figure is 
used : the tabular number required is opposite it in the column 
designated by the given width of the formation level. For other 
widths than those given in the table, multiply the number to “ base 
1 foot" by the given width. — Example: Tne number for height 27 
to base 22 is 22 X 33. 

Measurement of slopes . — The slopes on railways are measured by 
the horizontal distance corresponding to one foot vertical rise. If, 
for instance, the rise of one foot correspond to a horizontal dis- 
tance of 2J feet, the slope is 24 (to one). The same mode of mea- 
surement is adopted here for the natural inclination of the ground 
as for the artificial inclination of the sides of the embankment or 
cutting. 

Change of the natural slope may occur in sidelong ground where 
the surface is very irregular. The sections ought to be taken so 
near that the difference of slopes at two successive sections may 
not be considerable. Now, by using exclusively the greater of 
these natural slopes with the actual heights, the result would be 
too large : by using the smaller of them, too small. But as the 
results obtained in these two ways will not in general widely differ, 
the truth may be taken as a mean between them. 

The difficulty arising from change of natural slope may however, 
in general be avoided. For the upper surface of the ground being 
undulating and irregular, the natural inclination is represented by 
equalising lines drawn so that the small curvilinear areas in excess 
Mid defect may balance each other. These equalising lines being 
in some degree arbitrary in position, may in general be drawn at 
the same inclination for several sections together. 


These tables, and the method of using them, are original and copyright. They are 
published separately bv Weale, Holborn. 7 


bate 

btse 

base 

base 

base 

base 

base 

base 

base 

base 


26ft. 

27ft. 

28ft. 

29ft. 

30ft. 

31ft. 

32ft. 

33ft. 

34ft. 

1 ft. 

1 

32 

83 

34 

35 

87 

38 

39 

40 

41 

1*22 

4 

48 

49 

51 

63 

55 

56 

58 

60 

62 

183 

2 

64 

66 

68 

70 

73 

75 

78 

80 

82 

244 

4 

80 

82 

85 

88 

92 

94 

97 

100 

103 

305 

3 

96 

99 

103 

106 

no 

113 

117 

121 

124 

3*66 

4 

112 

115 

120 

124 

128 

132 

137 

141 

145 

4*27 

4 

128 

132 

137 

142 

146 

151 

157 

161 

166 

488 

.4 

143 

148 

154 

159 

165 

170 

176 

182 

187 

5*50 

6 

169 

165 

171 

177 

183 

189 

195 

202 

208 

6 11 

4 

175 

181 

188 

195 

202 

208 

215 

222 

229 

6*72 

6 

191 

198 

205 

212 

220 

227 

234 

242 

249 

7*33 

4 

207 

214 

222 

230 

238 

246 

254 

262 

270 

7*94 

7 

223 

231 

239 

249 

257 

265 

274 

282 

291 

855 

4 

239 

247 

256 

265 

275 

284 

293 

303 

312 

916 

8 

265 

264 

274 

283 

293 

303 

313 

323 

333 

9*77 

4 

270 

280 

291 

301 

311 

322 

332 

343 

353 

10*38 

9 

286 

297 

308 

319 

330 

341 

352 

363 

374 

1100 

4 

302 

318 

825 

336 

348 

860 

371 

383 

894 

11 61 

10 t 

318 

330 

342 

854 

367 

379 

391 

403 

415 

1222 

4 

334 

346 

359 

372 

385 

898 

410 

424 

436 

12*83 

11 

350 

363 

376 

389 

403 

417 

430 

441 

457 

13*44 

4 

366 

379 

393 

407 

422 

436 

450 

464 

478 

14*05 

12 

382 

396 

411 

425 

M40 

455 

469 

484 

499 

14*66 

4 

898 

412 

428 

443 

458 

474 

488 

504 

519 

15*27 

13 1 

414 

429 

445 

461 

476 

493 

508 

524 

540 

1588 

4 

429 

445 

462 

47H 

495 

512 

528 

545 

561 

16 50 

14 

445 

462 

479 

496 

513 

531 

547 

565 

582 

17*11 

__ 4 

461 

478 

496 

514 

532 

550 

567 

585 

603 

17*72 

16 

477 

495 

513 

531 

550 

568 

586 

605 

623 

18*33 

4 

493 

511 

530 

549 

568 

587 

606 

625 

644 

18*94 

14 

509 

528 

548 

567 

587 

606 

626 

G45 

665 

19 55 

4 

525 

544 

565 

585 

605 

625 

645 

6 66 

686 

20*16 

17 * 

541 

561 

582 

603 

623 

644 

665 

686 

707 

20*77 

4 

557 

577 

599 

620 

641 

663 

684 

706 

727 

21*38 

18 

572 

594 

616 

638 

660 

682 

704 

726 

748 

2200 

4 

588 

610 

633 

656 

678 

701 

723 

746 

769 

22 61 

19 

604 

627 

650 

673 

697 

720 

743 

766 

790 

23*22 

_ 4 

620 

643 

667 

691 

715 

739 

763 

787 

811 

23*83 

20 

636 

660 

684 

708 

733 

758 

782 

807 

831 

24*44 

4 

652 

676 

701 

726 

752 

777 

802 

827 

852 

25*05 

21 

668 

693 

719 

744 

770 

796 

822 

847 

873 

25*66 

4 

684 

709 

735 

762 

788 

815 

841 

867 

893 

26*27 

22 

700 

726 

753 

780 

806 

834 

861 

887 

914 

26*88 

4 

715 

742 

770 

797 

825 

852 

880 

908 

935 

27*50 

23 

731 

759 

787 

815 

843 

871 

899 

928 

956 

28*11 

_ - 4 

747 

775 

8»'4 

833 

862 

890 

919 

948 

977 

28 72 

24 

763 

792 

821 

850 

880 

909 

938 

968 

997 

29 33 

4 

778 

808 

838 

868 

898 

928 

958 

988 

1118 

29*94 

25 

794 

825 

856 

886 

917 

947 

978 

1008 

1039 

30*55 

4 

810 

841 

873 

904 

935 

964> 

997 

1029 

1060 

31*16 

26 

826 

858 

890 

922 

953 

985 

1017 

1049 

1081 

31*77 


842 

874 

907 

940 

97' 

1004 

1037 

1069 

1102 

32*38 

27 

858 

891 

924 

957 

990 

1023 

1056 

1089 

1122 

33*00 

•a* 

874 

908 

942 

975 

1008 

1042 

1076 

1109 

1143 

33*61 

28 

890 

924 

959 

992 

1027 

1061 

1095 

1129 

1164 

34 22 

AO 4 

906 

941 

976 

1010 

1045 

1080 

1114 

1149 

1184 

34*83 

29 

922 

957 

993 

1028 

1063 

1099 

1134 

1170 

1205 

35*44 

4 

938 

974 

10H 

1046 

1082 

1118 

1154 

1190 

1226 

36-05 

30 

954 

990 

1027 

1063 

1100 

1137 

1173 

1210 

1246 

36*66 

AS 4 

970 

1007 

1044 

1081 

1118 

1156 

1193 

1230 

1267 

37*27 

31 

.985 

1023 

1061 

1098 

1136 

1175 

1212 

1250 

1288 

37*88 

4 

]ooi 

1040 

1078 

1116 

1155 

1194 

1232 

1271 

1309 

38 50 

32 

|017 

1056 

1095 

1134 

1173 

1213 

1252 

1291 

1330 

39*11 

4 

}033 

1073 

1113 

1152 

1192 

1232 

1272 

1311 

1351 

39*72 

33 

}048 

1089 

1130 

1169 

1210 

1250 

1291 

1331 

1371 

40 38 


f 065 

1106 

1147 

1187 

1228 

1269 

1310 

1351 

1392 

40*94 

34 

J081 

1122 

1164 

1205 

1247 

1288 

1330 

1371 

1413 

4155 

**4 

}097 

1139 

1181 

1223 

1265 

1307 

1349 

1391 

1433 

42*16 

36 

^113 

1155 

1198 

1240 

1283 

1326 

1368 

1411 

1454 

42*77 

4 1 U29 

1172 

1215 

1258 

1301 

1345 

1388 

1431 

1475 

43*38 

90 

U44 

1188 

1232 

1276 

1320 

1364 

1408 

1452 

1496 

44 00 


k 1160 

1205 

1249 

1294 

1338 

1383 

1427 

1472 

1516 

44*61 

37 

U76 

1221 

1266 

1312 

1357 

1402 

1447 

1492 

1537 

45*22 

38 

1 1192 

1238 

1283 

1330 

1375 

1421 

1467 

1513 

1558 

45 88 

1208 

1254 

1300 

1347 

1393 

1440 

1486 

153< 

1579 

46*44 

39 

kl 1224 

1271 

1318 

1365 

1412 

1459 

1506 

1553 

1600 

47*05 

1 1240 

1287 

1335 

1382 

1430 

1478 

1625 

1573 

1620 

47-66 

40 

k 1256 

1304 

1352 

1400 

1448 

1497 

1645 

1593 

1641 

48-27 

! 1.71 

1320 

1369 

1418 

1467 

1516 

1665 

1614 

1662 

48 88 

4 1287 

1337 

1386 

1436 

1485 

1535 

1684 

1634 

1683 

49*50 

41 

1303 

1353 

1403 

1453 

1503 

1553 

1604 

1654 

1704 

50*11 

42 

k 1319 

1370 

1420 

1471 

1522 

1572 

1623 

1674 

1725 

5072 

1335 

1386 

1437 

1489 

1540 

1591 

1642 

1694 

1745 

51*33 

4i 1351 

1403 

1455 

1507 

1558 

1610 

1662 

1714 

1766 

51*94 

43 

1367 

1419 

1472 

1524 

1577 

1629 

1682 

1734 

1786 

52*55 

_4| 1*83 

1436 

1489 

1542 

1595 

1648 

1701 

1754 

1807 

53*26 

44 

1399 

1452 

15<>6 

1559 

1613 

1667 

1720 

1774 

1828 

53 77 

4 1415 

1469 

1523 

1577 

1631 

1686 

1740 

1794 

1849 

54 38 

45 

! 1430 

1485 

1540 

1595 

1650 

1705 

1760 

1815 

1870 

55*00 

_ 4 1446 

1502 

1557 

1613 

1668 

1724 

1779 

1835 

1890 

55-61 

46 

1462 

1518 

1574 

1631 

1687 

1743 

1799 

1855 

1911 

56*22 

47 

* 1478 

1535 

1591 

1649 

1705 

1762 

1818 

1875 

1932 

56 83 

1494 

1551 

1608 

1666 

1723 

1781 

1838 

1895 

1953 

57*44 

48 

k 1510 

1568 

1626 

1684 

1742 

1800 

1858 

1916 

1974 

68*05 

1526 

1584 

1643 

1702 

1760 

1819 

1878 

1936 

1995 

58-66 

49 

4, 1542 

1601 

1660 

1719 

1778 

1838 

1897 

1956 

2015 

59-27 

1557 

1617 

1677 

1787 

1796 

1857 

1916 

1976 

2036 

59*88 

50 

k\ 1573 

1634 

1694 

1755 

1815 

1876 

1936 

1997 

2057 

60*50 

! 1589 

1650 

1711 

1773 

1833 

1894 

1955 

2017 

2078 

61*11 


4 1605 

1667 

1728 

1791 

1852 

1913 

1975 

2037 

2099 

61*72 

51 

1621 

1683 

1745 

1809 

1870 

1932 

1994 

2057 

2119 

62*33 

4 1637 

1700 

1763 

1826 

1888 

1951 

2014 

2077 

2140 

62*94 

62 

| 1653 

1716 

1780 

1843 

1907 

1970 

2033 

2097 

2160 

63*55 

4 1669 

1733 

1797 

1861 

1925 

1989 

2053 

2117 

2181 

64*16 

63 

1684 

1749 

1614 

1879 

1943 

20' 8 

2073 

2138 

2202 

64-77 

4 1700 

1766 

1831 

189 

1961 

2027 

2092 

2158 

2223 

65-38 

64 

1716 

1782 

1848 

1914 

1980 

2046 

2112 

2178 

2244 

66 00 

4 1732 

1799 

1865 

1942 

1998 

2065 

2132 

2198 

2266 

66*61 

66 

1748 

1815 

1882 

1960 

2016 

2084 

2152 

2718 

2285 

67*22 


Digitized by ^.ooQle 




















0 i 

1 i i 

\ a - 

4 3 { 

\ 4 { 

\ 8 1 

4 6 i 

l 7 { 

\ 8 i 

k 9 i 

1 10 1 i li i 

k 12 ’ 

1 13 i 

\ 14 1 

\ 1® 


1 ‘5 *7 1 2 3 4 5 6 8 10 12 14 1C 19 23 26 29 83 37 41 « 49 64 68 64 69 74 80 88 92 88 

t *9 1 2 3 4 5 6 7 9 11 14 16 19 22 25 28 81 35 89 43 47 52 57 62 67 72 77 84 89 06 102 * 

2 1 2 3 4 5 6 7 9 11 13 16 18 21 24 27 30 34 38 42 46 50 55 60 65 70 75 81 87 93 99 106 

i S 3 4 5 6 7 9 11 13 15 18 20 23 26 29 32 36 40 44 48 53 58 63 68 73 78 84 90 96 102 109 4 

3 8 4 5 6 7 9 11 13 15 17 20 22 25 28 82 35 39 43 47 51 56 61 66 71 77 82 88 94 100 106 113 

4 4 6 6 7 9 11 13 15 17 19 22 25 28 31 35 88 42 46 50 54 59 64 69 74 80 86 92 98 104 110 117 4 

4 6 7 8 9 11 13 15 17 19 22 23 28 31 34 88 41 45 49 54 58 63 68 73 78 84 90 96 102 109 115 122 

4 8 9 10 11 13 15 17 19 22 25 27 80 34 37 41 44 48 52 57 62 67 72 77 82 88 94 101 107 113 120 127 A 

6 10 11 12 14 16 18 20 22 25 27 84 33 37 40 44 48 52 56 61 66 71 76 82 87 93 99 106 112 118 125 132 

4 12 13 14 16 18 20 22 25 28 30 83 .. ~36 40 43 47 51 56 60 65 70 75 .. 80 86 91 97 103 110 116 123 129 137 4 

6 14 15 16 19 21 23 25 28 31 34 87 40 44 44 51 55 60 64 69 74 80 85 91 96 102 107 115 121 128 134 143 

4 17 18 19 22 24 26 28 81 34 37 40 .. 43 47 50 55 59 64 69 73 78 84 .. 89 95 101 108 113 120 126 133 140 148 4 

7 20 21 23 25 27 29 32 35 88 41 44 47 51 55 60 64 69 73 78 83 89 94 100 106 113 119 126 132 139 146 154 

4 23 24 26 28 30 32 35 38 41 44 48 .. 51 55 59 64 69 73 78 83 88 94 .. 99 105 111 118 124 131 138 145 152 160 4 

8 26 28 29 81 34 86 39 42 45 48 52 56 60 64 69 73 78 83 88 93 99 105 111 117 124 130 137 144 151 158 166 

4 29 31 33 35 38 40 43 46 49 52 56 .. 60 64 69 73 78 83 88 93 99 104 .. 110 116 123 130 186 143 150 157 164 172 4 

9 32 34 87 39 42 44 47 50 54 57 61 65 69 73 78 83 88 93 99 104 110 116 122 129 136 142 149 156 164 171 179 

A 86 38 41 43 46 48 51 54 58 C2 66 .. 70 74 78 83 88 93 99 104 110 116 .. 122 128 135 142 148 155 162 17o 178 186 4 

10 40 42 45 47 60 53 56 59 63 67 71 75 80 84 89 94 99 104 110 116 122 128 185 U1 148 155 162 169 177 184 193 

4 44 46 49 62 65 58 61 64 68 72 76 .. 80 85 ~89 94 ~ 99 105 110 116 122 128 .. 185 141 147 154 161 169 176 184 192 200 4 

11 49 51 64 57 60 63 66 69 73 77 82 86 91 95 100 105 111 116 122 128 135 141 148 154 161 168 176 184 102 200 208 

4 54 56 68 62 65 68 71 74 78 82 87 - 91 96 101 106 111 117 123 129 135 141 .. 147 154 161 168 176 183 191 199 207 216 4 

12 58 61 64 67 70 73 77 80 84 88 93 97 102 107 113 118 124 130 136 142 148 154 161 168 176 183 191 109 207 215 223 

4 63 68 69 72 75 78 82 86 90 94 99 103 108 113 119 124 130 136 142 148 155 .. 161 168 176 183 190 198 206 215 223 231 4 

13 69 71 74 77 81 84 88 92 96 101 106 110 115 120 126 131 137 143 149 155 162 169 176 183 191 198 206 214 223 231 240 

4 74 77 80 83 87 90 94 98 102 107 112 •• 116 121 126 132 138 144 150 156 162 169.. 176 181 191 199 206 214 223 231 240 248 4 

14 80 83 86 89 93 96 100 104 109 113 118 123 128 133 139 145 151 167 164 170 177 184 192 199 207 215 223 231 239 248 257 

4 86 89 92 96 99 102 106 110 115 120 125 •• 129 134 140 146 152 158 164 171 178 184 .. 192 200 207 215 223 231 240 248 257 266 k 

15 91 95 96 102 106 109 113 117 122 127 132 137 143 148 154 160 166 172 179 186 193 200 208 215 223 231 24 J 248 257 266 275 | 

4 98 111 104 109 112 116 1*20 124 129 134 139 •• 144 150 156 162 168 174 180 187 194 201 .. 209 216 224 232 240 249 267 266 275 284 '4 

16 104 107 111 116 119 123 127 132 13 7 142 147 152 158 164 170 176 182 189 196 203 210 217 225 233 24 1 249 258 266 275 284 293 | 

4 110 114 118 122 126 130 134 139 144 149 154 •• 160 166 172 178 184 190 197 204 211 218 .. 226 234 242 250 258 267 275 284 293 303 |4 

17 117 121 125 129 183 137 142 147 152 167 162 168 174 180 186 192 199 206 213 220 22 7 235 243 251 259 267 276 285 294 803 313 

4 124 128 132 186 140 144 149 154 160 165 170 •• 176 182 188 194 200 207 214 222 229 236 .. 244 252 260 268 277 286 295 304 313 323 4 

18 132 135 139 143 148 152 157 162 168 173 179 184 190 196 203 209 216 223 231 238 246 254 262 270 279 287 296 305 814 323 833 

4 139 142 147 151 156 160 165 170 176 181 187 •• 193 199 205 212 218 225 232 240 247 255 .. 263 271 279 288 297 306 315 324 384 344 >4 

19 147 151 155 169 164 169 174 179 184 190 196 202 208 214 221 2 28 235 242 249 257 266 273 281 289 298 3»7 816 825 335 845 355 

4 155 158 163 167 172 177 182 187 193 199 205 •• 211 217 223 230 237 244 251 259 267 276 .. 283 291 299 309 317 826 836 846 856 366 '4 

80 163 167 171 176 181 186 191 196 202 208 214 220 226 233 240 247 254 261 269 277 285 293 302 310 319 328 337 347 357 367 377 l 

4 171 175 179 184 189 194 200 205 211 217 223 •• 229 235 242 249 256 264 271 279 287 293 .. 803 312 321 330 339 348 868 368 378 388^4 

m 179 183 188 193 198 203 209 214 220 226 232 2^8 245 252 259 266 274 281 289 2 97 306 814 823 332 341 350 359 369 370 389 399 I 

4 188 192 197 202 207 212 218 223 229 235 242 •• 248 255 262 269 2 76 284 292 300 308 316 .. 825 334 343 3*2 861 371 58 1 30l 401 411 f 4 

33 197 201 206 211 216 221 227 283 239 245 252 258 265 272 280 287 295 303 311 319 827 336 846 354 363 372 382 892 4i)2 412 423 I 

4 206 210 215 220 226 231 237 243 249 255 262 •• 268 275 282 290 297 305 813 322 330 838 .. 347 356 365 374 384 394 404 414 424 435 >4 

23 215 220 225 230 236 241 247 253 259 265 272 279 280 293 301 808 316 824 333 341 850 859 368 3 77 88 6 396 406 4l6 426 436 447 I 

4 224 229 235 240 246 251 257 263 269 275 282 •• 289 297 304 312 319 327 336 344 353 361 370 379 388 898 408 418 428 438 448 460 4 

M 234 239 245 250 256 261 267 273 280 286 293 300 3<>8 315 323 331 339 347 355 364 373 382 391 400 410 420 430 440 45 1 461 473 

i 244 249 255 260 266 271 278 288 291 297 304 •• 311 319 326 334 342 850 358 36 7 876 3b5 .. 394 403 412 422 432 448 453 464 474 486 4 

85 254 259 265 270 276 281 289 296 802 808 815 822 830 338 346 354 362 870 870 388 397 406 416 425 435 445 456 466 47 7 488 499 | 

4 ~2M 269 275 281 287 293 300 306 313 820 826 •• 833 341 349 357 865 873 881 39 > 399 409 .. 418 428 438 448 458 469 479 490 501 Tl2 i4 

26 275 280 286 292 298 804 811 317 324 331 338 345 353 361 369 377 386 394 403 412 422 431 441 451 461 471 482 492 508 514 526 | 

4 286 291 297 3"3 809 315 322 328 335 842 350 •• 357 365 373 3*1 389 398 407 416 425 434 .. 444 464 464 474 484 496 506 517 528 539 * 

27 297 802 808 814 320 326 833 340 347 354 862 369 877 385 394 402 411 420 429 438 447 457 467 47 7 487 498 509 620 53 1 542 563 I 

4 808 313 819 825 332 338 345 352 369 366 874 •• 881 389 397 406 414 423 432 442 451 460 .. 470 4*0 490 601 611 622 633 545 656 667 i 

28 319 325 331 387 344 350 357 864 871 878 386 894 402 410 419 427 436 445 465 464 474 484 494 504 515 525 636 547 568 670 582 I 

* 336 336 343 849 856 362 369 376 883 891 899 •• 407 415 423 432 440 449 468 468 477 487 .. 497 608 518 529 539 550 661 476 485 596 4 

29 842 348 355 861 368 874 381 348 396 404 412 420 4J8 436 445 454 46a 472 482 491 501 511 622 532 543 564 565 576 586 699 611 I 

4 354 360 367 873 880 387 394 401 409 417 425 •• 433 441 449 458 467 573 684 495 605 615 .. 625 636 546 557 568 579 690 602 614 626 4 

30 367 873 8 79 385 392 399 4 7 414 422 430 438 446 454 463 472 481 490 499 609 519 529 539 550 561 672 683 594 61)5 617 629 641 | 

4 379 385 891 890 405 412 420 427 435 443 451 „ 459 468 477 486 495 504 613 623 533 543 553 564 5 75 586 597 609 620 63* 644 656 L 

81 392 398 404 411 418 425 433 440 448 456 465 473 482 491 600 509 518 627 538 548 568 ** 568 679 590 601 612 624 636 648 660 672 

i 404 411 417 424 431 438 4 >6 454 462 470 478 .. 487 496 505 514 523 532 542 552 563 573 683 594 605 616 627 639 651 663 675 688 * 

S3 417 424 430 437 445 452 460 468 476 484 492 501 510 519 528 537 647 557 567 577 588 " 598 610 621 632 643 655 667 679 691 704 

4 430 437 443 450 458 465 473 481 490 498 506 .. 515 524 533 542 552 5 62 672 582 592 603 614 625 636 647 659 671 683 695 7<>7 720 4 

33 443 450 457 464 472 479 487 495 504 612 521 WO 539 548 557 567 5 77 5 87 697 608 619 ” 630 641 662 663 676 68/ 699 711 724 737 

4 457 464 471 478 486 493 501 509 518 626 535 .. 6-14 633 663 672 582 592 602 612 623 634 645 656 668 679 691 703 715 727 740 753 A 

34 471 478 485 492 600 608 516 624 533 541 550 659 6G8 578 688 598 608 618 628 639 650 ’* 661 672 684 696 708 72 0 732 744 757 770 

4 485 492 499 506 514 522 630 638 547 566 565 .. 574 583 593 603 C13 623 633 644 655 666 677 688 700 7 12 724 736 748 761 774 787 4 

35 499 506 613 621 629 537 545 653 562 571 580 689 599 G09 619 629 639 649 660 671 682 " 693 7o5 717 729 741 763 765 778 791 804 

4 513 520 528 636 544 552 560 568 577 586 595 .. 004 614 624 684 644 655 665 676 687 698 709 721 7i3 745 757 770 782 795 808 821 4 

36 528 535 543 651 559 567 675 684 693 602 611 620 6>0 G40 6)0 660 671 682 693 704 715 *' 726 738 750 762 774 787 800 813 826 839 

4 542 550 558 566 574 582 590 599 608 617 627 .. 686 C40 652. 666 676 687 698 709 720 732 743 755 767 779 791 804 817 830 843 857 4 

37 657 565 573 581 589 697 606 616 624 633 643 653 663 673 683 693 704 715 726 73 7 749 761 773 785 797 809 822 835 848 861 875 1 

4 672 580 688 596 605 613 622 631 640 649 659 .. 669 679 689 699 710 721 732 743 754 766 778 790 802 814 827 8*0 853 866 879 898 4 

38 588 696 604 613 621 629 638 647 656 666 676 686 698 706 716 727 738 749 760 772 784 796 808 820 832 845 858 871 885 898 912 

4 603 611 620 628 6 37 645 654 663 672 682 692 .. 7v2 7 12 723 733 744 7 55 766 777 789 801 813 825 838 850 863 876 889 903 016 930 4 

39 619 62 7 636 644 653 662 671 680 689 699 709 719 729 740 751 762 773 784 795 807 819 831 843 856 869 872 895 908 927 985 949 

4 635 643 652 660 660 678 687 696 706 716 726 .. 736 746 757 768 779 790 801 813 825 837 849 861 874 887 900 913 926 941 954 968 4 

40 652 660 668 677 686 695 704 713 723 733 743 753 764 77 5 786 797 808 819 831 843 855 867 880 893 906 919 932 946 965 974 988 

4 668 676 685 694 703 712 721 730 740 750 760 .. 770 781 792 803 814 826 837 849 861 873 . 877 899 912 925 998 951 964 979 993 1007 4 

41 686 693 702 711 720 729 738 748 758 768 778 788 799 810 821 832 844 856 868 880 892 905 918 931 944 967 971 964 998 1012 1027 

A 701 710 719 728 737 746 755 765 775 785 79« .. 806 817 828 839 851 8*^2 874 886 898 911 .. 924 987 950 963 977 990 1004 1018 1032 1047 A 

42 718 727 736 745 754 763 77 3 783 793 803 814 825 836 847 858 869 881 893 905 917 930 943 956 969 982 996 1010 1024 1038 1052 1067 

4 786 744 75 3 762 772 781 790 801 811 821 832 .. 843 854 865 877 888 900 911 924 936 949 .. 952 075 968 100* 1016 1030 1044 1058 1072 1087 4 

43 753 762 771 780 790 799 808 819 830 840 861 862 873 884 896 907 9.9 931 944 956 969 982 995 1008 1022 1036 1050 1064 1078 1092 llu7 

4 770 779 789 798 808 8)7 827 837 848 859 870 .. 881 892 903 915 926 938 950 963 975 968 . loOl 1016 lu28 1042 1056 1070 1084 1098 1113 1128 A 

44 788 797 807 816 826 836 846 856 867 877 888 900 911 922 934 946 958 970 983 996 1008 l02l 1035 1048 1062 1076 1090 1104 1119 1134 1149 

4 806 815 825 834 844 854 864 875 886 896 907 .. 919 930 941 953 965 977 990 1003 1015 1028 .. 1041 1055 1068 1082 1096 1111 1125 1140 1156 1170 4 

45 826 834 843 853 863 873 883 094 905 916 927 938 949 961 973 985 997 1010 1023 1036 1049 1062 1076 1089 1103 1117 1132 1146 1161 1176 1191 

4 843 852 862 872 882 892 902 913 924 935 946 .. 957 969 981 993 1005 1017 1030 1043 1056 1069 .. 1082 1096 1109 1124 1138 1153 1168 1182 1197 1218 4 

45 862 871 881 &91 901 911 922 932 943 954 966 977 989 1001 1013 1025 1038 1050 1063 1076 1090 1108 1117 1131 1145 1159 1174 1189 1204 1219 1235 

4 881 890 900 910 920 R30 941 952 963 974 986 .. 997 1009 1021 1088 1045 1058 1071 1084 1097 1111 .. 1124 1138 1152 1166 1180 1195 1210 1.26 1231 1257 4 

47 900 909 919 929 0*0 969 961 972 983 994 1006 1017 1029 1041 1064 1066 l<-79 1092 1105 1118 1132 1146 1160 1174 1188 1202 1217 12*2 1248 1263 1279 

4 919 929 939 949 959 960 981 992 1003 1014 1026 .. 1037 1049 1061 1074 1087 1100 1113 1126 1139 1153 .. 1167 1181 1195 1210 1224 1239 1254 1*70 1286 1801 4 

48 938 948 958 969 979 980 1001 1012 1023 1034 1046 1058 1070 1< 82 1095 1108 1121 1134 1147 1161 1175 1189 1203 1217 1232 1246 1261 1276 1292 1307 1323 

4 958 968 978 988 999 ll>10 1021 1032 1043 1045 1067 .. 1079 1091 1103 1116 1129 1142 1155 1169 1182 1196 .. 1*10 1225 1239 1254 1269 1283 1298 1314 1330 1346 4 

49 978 988 998 1008 1019 l<*30 1041 1052 1064 1076 1088 1100 1112 1125 1188 1141 1164 1177 1191 1204 1218 1232 1247 1261 1276 1291 1300 1321 1337 1363 1369 

4 998 1008 1018 1029 1040 1050 1062 1073 1085 1097 1009 .. 1121 1133 1146 1159 1172 1185 1199 1213 1226 1239 .. 1254 12*9 1283 1298 1313 1329 1344 1360 1376 1392 4 

50 1018 1029 li39 1050 1061 1072 1083 1094 1106 1118 1130 1142 1155 1168 1181 1194 1207 1221 1236 1249 1263 1277 1292 1306 1321 1336 1352 1367 1383 1399 1415 
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1477 1499 
1496 1520 
1519 1541 
1540 1562 
1562 1584 


1417 1439 1461 
1437 1459 1481 
1458 1480 1502 
1479 1501 1523 
1500 1622 1544 
1521 1543 1565 
1542 1564 1586 
1563 1585 1608 
1584 1607 1630 
1606 1629 1652 


1483 1506 1527 
1503 1526 1548 
1524 1546 1569 
1545 1567 1690 
1566 1588 1611 
1587 1610 1633 
1609 1632 1655 
1631 1664 1677 
1653 1676 1699 
1675 1698 1721 


383 1358 
1374 
376 1395 
.396 1416 
417 1437 
439 1459 
461 1481 
483 1503 
505 1525 
627 1548 


1378 1393 
1394 1414 
1415 1436 
1436 1457 
1453 1479 
1480 1501 
1502 1523 
1524 1545 
1546 1567 
1569 1690 


1413 1434 
1434 1455 
1456 1477 
1478 1499 
1500 1521 
1522 1543 
1544 1565 
1566 1587 
1588 1610 
1611 1633 


1455 1476 
1476 14:7 
1498 1519 
1520 1541 
1542 1563 
1564 15*^5 
1586 1608 
1609 1631 
1632 1654 
1655 1677 


1497 1518 
1518 1540 
1540 1562 
1562 1584 
1584 1606 
1607 1629 
1630 1652 
1653 1675 
1676 1698 
1699 1721 


1540 1562 
1562 1584 
1684 1606 
1606 1628 
1628 1650 
1651 1673 
1674 1696 
1697 1719 
1720 1742 
1748 1766 


1584 1606 1628 
1606 1628 1650 
1627 1650 1673 
1650 1678 1696 
1673 1696 1719 
1696 1719 1742 
1719 1742 1765 
1742 1765 1788 
1765 1788 1811 
1789 1812 1835 


1651 1674 
1673 1696 
1696 1719 
1719 1742 
1742 1765 
1765 1788 
1788 1811 
1811 1835 
1835 1859 
1859 1883 


1697 1720 1743 
1719 1742 1766 
1742 1765 1789 
1765 1788 1812 
1788 1811 1835 
1811 1835 1859 
1835 1859 1883 
1869 1883 1907 
1883 1907 1931 
1907 1931 1955 


550 1571 
1573 1594 
1596 1617 
619 1640 
642 1664 
666 1688 
690 1712 
714 1736 
788 1760 
763 1785 


1592 1613 
1615 1636 
1638 1659 
1661 1683 
1685 1707 
1709 173a 
1733 1755 
1757 1779 
1782 1804 
1807 1829 


1634 1656 
1657 1679 
1681 1703 
1705 1727 
1729 1751 
1753 1775 
1 777 1799 
1801 1824 
1826 1848 
1851 1873 


1678 1700 
1701 1723 
1725 1747 
1749 1771 
1773 1795 
1797 1820 
1822 1844 
1846 1869 
1871 1894 
1896 1919 


1722 1744 
1745 1768 
1769 1792 
1793 1816 
1818 1840 
184 i 1865 
1867 1890 
1892 1915 
1917 1940 
1942 1965 


1767 1790 1813 
1791 1814 1837 
1815 1838 1861 
1839 1862 1885 
1863 1 887 1910 
1888 1912 1935 
1913 1937 I960 
1988 1962 1985 
1963 1987 2011 
1969 2013 2037 


1836 1859 
1860 1881 
1884 1908 
1909 1933 
1934 1958 
1959 1983 
1984 2008 
2009 2033 
2035 2069 
2061 2085 


1883 1907 
1906 1932 
1932 1956 
1957 1981 
1982 2 06 
2007 2031 
2082 2056 
?068 2082 
2084 2108 
2109 2184 


1931 1955 1900 
1956 1980 2005 
1980 2005 2030 
2005 2030 2055 
2030 2055 2080 
2056 2081 2106 
2061 2106 2131 
2107 2132 215; 
2133 2156 2183 
2159 2184 2210 


.787 1809 
812 1834 
838 1859 
863 1885 
888 1910 
i914 1936 
929 1962 
965 1988 
991 2014 
2016 2041 


1831 1864 
1856 1879 
1882 1904 
1907 1930 
1933 1956 
1959 1981 
1985 2007 
2011 2034 
20 <7 2060 
2064 2087 


1876 1898 
1901 1924 
1927 1950 
1953 1975 
1978 2001 
2004 2027 
2030 2053 
2057 2080 
2033 2107 
2110 2144 


1921 1944 
1947 1970 
1972 1996 
1998 2022 
2024 2048 
2050 2074 
2077 2101 
2104 2128 
2131 2155 
2168 2182 


1967 1991 
1993 2017 
2019 2043 
2045 2069 
2071 2095 
2098 2122 
2125 2149 
2152 2176 
2179 2^03 
2206 2230 


2014 2038 2061 
9040 2064 2089 
2066 2091 2115 
2093 2117 2141 
2119 2143 2168 
2146 2170 2195 
2173 2197 2222 
2200 2225 2249 
2227 2252 2277 
2255 2280 2305 


2087 2111 
2113 2137 
2139 2164 
2166 2191 
2193 2218 
2220 2245 
2247 2272 
2274 2299 
2302 2327 
2330 2355 


2136 2160 
2162 2187 
2189 2214 
2216 2241 
2243 2268 
2270 2295 
2297 2323 
2326 2350 
2353 2378 
2381 2406 


2185 2210 2236 
2212 2237 2J63 
2239 2*264 2290 
2266 2291 2317 
2298 2319 2344 
2821 2346 2372 
2348 7374 2400 
2376 2402 2428 
2404 2430 2456 
2432 2458 2484 


1021 1041 
1036 1656 
1051 1071 
1066 1086 
1081 1101 
1097 1117 
1112 1138 
1128 1149 
1144 1165 
1161 1182 


1061 1081 
1076 1096 
1091 1111 
1106 1127 
1121 1142 
1137 1158 
1163 1174 
1170 1191 
1186 1S07 
1203 1224 


1102 1122 1148 
111 7 1138 1159 
1132 1153 1174 
1148 1169 1190 
1163 1184 1205 
1179 1200 1221 
1195 1216 1237 
1212 1233 1254 
1228 1249 1271 
1245 1266 1288 


1164 1185 
1180 1201 
1195 1216 
1211 1232 
1227 1248 
1243 1265 
1269 1281 
1276 1298 
1293 1315 
1310 1332 


1206 

1222 

1230 

1254 

1270 

1287 

1303 

1320 

1337 

1364 


1177 1198 
1194 1215 
1211 1232 
1228 1249 
1245 1266 
1263 1284 
1280 1302 
1298 1320 
1316 1338 
1335 1367 


1219 1240 
1236 1257 
1250 1274 
1270 1292 
1287 1309 
1305 1327 
1323 1&15 
1342 1364 
1360 1382 
1379 1401 


1262 1283 
1279 1301 
1296 1318 
1314 1836 
1331 1353 
1349 1371 
1367 1389 
1386 1408 
1404 1427 
1423 1446 


1305 1827 
1323 1345 
1340 1362 
1358 1380 
1375 1398 
1393 1416 
1411 1434 
1430 1453 
1449 1472 
1468 1491 


1349 1371 
136*’ 1389 
1384 1407 
1402 1425 
1420 1443 
1439 1462 
1457 1480 
1476 1499 
1495 1510 
1514 1538 


1354 1375 
1372 1394 
1391 1413 
1410 1433 
1429 1452 
1449 1472 
1469 1492 
1489 1512 
1609 1532 
1529 1552 


1397 1419 
1416 1439 
1415 1458 
1455 1477 
1474 1497 
1494 1517 
1514 1537 
1634 1557 
1554 1577 
1575 1596 


1442 1464 
1461 1484 
1480 1503 
1500 15.3 
1520 1543 
1540 1563 
1560 1583 
1680 1603 
1600 1624 
1621 1645 


1487 1510 1534 
1507 1530 1553 

1626 1549 1573 
1546 1569 1593 
1566 1509 1613 
1586 1610 1633 
1606 1630 1654 

1627 1651 1676 
1618 1672 1696 
1669 1693 1717 


1557 

1577 

1597 

1617 

1607 

1657 

1678 

1699 

1720 

1741 


1550 1578 1596 
1571 1694 1617 
1592 1615 1638 
1618 1636 1659 
1634 1657 1681 
1656 1679 1708 
1678 1701 1725 
1700 1723 1747 
1722 1745 1769 
1744 1768 1792 


1619 1642 
1640 1664 
1661 1685 
1683 1707 
1705 1729 
1727 1751 
1749 1773 
1771 1795 
1793 1818 
It 16 1840 


1666 1690 
1688 1712 
1709 1733 
1731 1755 
1753 1777 
1775 1799 
1797 1822 
1820 1844 
1842 1867 
1865 1890 


1714 1788 
1736 1760 
1757 1782 
1779 1804 
1801 1826 
1824 1848 
1846 1871 
1669 1894 
1892 1917 
1915 1940 


1763 

1785 

1807 

1829 

1851 

1873 

1896 

1919 

1942 

1966 


1767 1791 1815 
1790 1814 1838 
1813 1887 1861 
1836 1860 1884 
1859 1884 1908 
1883 1908 1932 
1907 1932 1956 
1931 1956 1980 
1955 1980 2005 
1980 2005 2030 


1839 1863 
1862 1887 
1885 1910 
1909 1934 
1938 1958 
1957 1982 
1981 2006 
2005 2030 
2030 2055 
2055 2080 


1888 1913 
1912 1937 
1935 1960 
lt59 1984 
1983 2008 
20 07 2032 
2031 2056 
2056 2081 
2081 2106 
2106 2131 


1938 1968 
1962 1987 
1985 2011 
2009 2036 
2013 2059 
2058 2084 
2082 2108 
2107 2133 
2182 2158 
2167 2183 


1989 

2018 

2037 

2061 

2085 

2109 

2134 

2159 

2184 

2210 


2004 2029 
2029 2054 
2054 2079 
2079 21* 5 
2105 2130 
2131 2156 
2156 2182 
2182 22< 8 
2208 2 34 
2235 2261 


2054 2079 
2079 2105 
21 4 2130 
2130 2156 
2156 2181 
2181 2207 
22l>7 2233 
2233 2260 
2260 2286 
2287 2318 


2105 2131 
2130 2156 
2156 2181 
2181 2207 
2206 2233 
2233 2260 
2260 2286 
2286 2313 
2313 2339 
2339 2366 


2156 2182 2206 2235 
2182 2208 2234 2261 
220/ 2233 2260 2287 
2233 2260 2286 2313 
2260 2286 2313 2389 
2286 2313 2339 2366 
2312 2339 2366 2393 
2339 2366 2393 2420 
2366 2393 2420 2447 
2393 2420 2447 2475 


2262 2288 
2289 2816 
2316 2342 
2843 2869 
2370 2397 
2398 2425 
2426 2453 
2454 2481 
3482 2509 
2511 2538 


2314 2340 
2341 2368 
2368 2395 
2396 2423 
2424 2450 
2451 2478 
2479 2606 
2508 2135 
2536 2563 
2565 2592 


2367 2893 
2394 2421 
2422 2448 
2449 2476 
2477 25(>4 
2505 2533 
2534 2561 
2562 2590 
2591 2618 
2619 2647 


2420 2447 2475 
2448 2475 2502 
2476 2503 2530 
2503 25. >1 2558 
2431 2659 2587 
2560 2588 2616 
2588 2 16 26*4 
2617 2645 2«73 
2646 2674 2702 
2675 2703 27*1 


2502 

2530 

2558 

2586 

2614 

2648 

2672 

2701 

2730 

2760 


4 4 4 4 


4 4 4 4 


I 4 4 
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1039 

1059 

1080 

1101 

1122 

1144 

1166 
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,, 

, 1049 

1070 

1091 

1112 

1133 

1155 

1177 

1199 

1221 

1243 

862 

881 

900 

919 

939 

950 

978 

998 

1018 

1039 

1060 

1(81 

1102 

1123 

1144 

1166 

1188 

1210 

1232 

1255 

872 

891 

910 

9*29 

949 

W 

988 

1008 

1029 

1060 

. 1070 

1092 

1113 

1134 

1155 

1177 

1199 

1221 

1244 

1267 

882 

901 

920 

940 

959 

979 

999 

1019 

1040 

1061 

1082 

1103 

1124 

1145 

1167 

1189 

1211 

1233 

1 56 

1279 

h9) 

911 

930 

949 

970 

990 

101M 

low 

1050 

172 

. 1093 

H14 

1135 

1157 

1179 

1201 

1223 

1-45 

1268 

1291 

902 

922 

941 

961 

981 

1001 

1021 

1041 

1062 

1083 

1104 

1125 

1147 

1169 

1191 

12 3 

1235 

1257 

1 *80 

1303 

913 

93) 

962 

972 

992 

1012 

1032 

lo5*2 

1073 

1094 . 

. 1115 

1137 

1159 

1181 

1*2<3 

12*25 

1247 

1269 

1292 

1315 

924 

mi 

963 

983 

1003 

1023 

1043 

1064 

1(185 

HOC 

1127 

1149 

1171 

119:) 

1215 

1237 

1259 

128-* 

1305 

1328 

935 

954 

974 

994 

1014 

1034 

1055 

1076 

1097 

1118 . 

. 1139 

1161 

1183 

1205 

1227 

1249 

\i72 

1295 

1318 

1341 

946 

956 

986 

1006 

1026 

1046 

1067 

1088 

11 9 

113J 

115! 

1173 

1195 

1217 

1239 

1202 

12&5 

1..08 

1351 

1354 



11 

12 

13 

14 
16 


t 

4 

ft 

4 

4 


16 

17 

18 

19 

20 


4 

4 

4 

4 

4 


957 977 997 1017 1037 1058 1079 11( 0 1121 1142 
969 989 1('09 10)9 1049 1070 1091 11 2 1133 1155 
981 1001 10*21 1041 1061 1082 1103 1125 1146 1168 
993 1013 1033 1054 1074 1095 1116 11.(8 1159 1181 
10*'5 1025 1045 1066 1087 1.08 1129 1151 1172 1194 
1017 1038 1058 1079 1100 1121 1142 1164 1185 1207 
1030 1050 1071 1092 1113 1134 1155 1177 1199 1221 
1043 1063 1064 1105 1126 1147 1169 1191 1213 1235 
1056 1076 1097 1118 1139 1161 11«2 12<»4 1226 1249 
1069 1090 1111 1132 1153 1175 1196 1218 1239 12(33 


1062 1103 1124 1146 1167 1189 1210 1232 1254 1277 
1096 1117 1138 1160 1181 1203 1225 1247 1269 1292 
1109 1131 1152 1174 1195 1217 1239 1261 1283 1306 
1124 1145 1166 1188 1210 1232 1254 1276 1298 1321 
1138 1159 1180 1202 1224 1246 1269 1291 1313 1336 
1153 1174 1195 1217 1239 1261 1283 1306 1329 1352 
1168 1189 1210 1232 1254 1276 1298 1321 1344 1367 
1182 1204 1226 1248 1270 129 2 1314 1 337 1360 1383 
1197 1219 1241 1263 1285 1307 1330 1353 la/H 1899 
1213 1235 1257 1279 1301 1323 1346 1369 1392 1415 


1228 1250 1272 1294 1317 1339 1362 1385 1408 1431 
1244 1266 1288 1310 1333 1356 1379 1402 1425 1448 
1260 1282 1304 1326 1349 1372 1395 1418 1441 1465 
1276 1298 1320 1342 1365 1388 1411 1435 1458 1482 
1292 1314 1336 1859 1382 1405 1428 1452 1475 1499 
1309 1331 1353 1376 1399 1422 1445 1469 1493 1517 
1325 1348 1870 1393 1416 1439 1462 1486 1510 1534 
1342 1365 1388 1411 1434 1457 1480 1504 1528 1552 
1359 1382 1405 1428 1451 1474 1498 1522 1546 1570 
1377 1400 1423 1446 1469 1492 1516 1540 1564 1589 


1163 1186 1J08 1230 1252 1275 1298 1321 1344 1367 
1176 1199 1221 1243 1265 1288 Ull 1334 1357 1581 
1190 1212 1234 1256 1278 1301 1324 1348 1371 1395 
1203 1225 1247 1270 1292 1315 U38 1262 1385 1409 
1216 1238 1261 1283 1306 1329 1352 1376 1309 1423 
1229 1252 1274 1297 1320 1343 1366 1390 14.3 1437 
1243 1265 1288 1311 1334 1357 1.180 1404 1428 1452 
1257 1279 1302 1325 1348 1371 1395 1419 1448 1467 
1*271 1293 1316 1339 1362 1386 14o9 1433 1457 1482 
1285 1308 1331 1354 1377 1401 1424 1448 1472 1497 


1300 1:32*2 1.345 1369 1392 1416 1439 1463 1487 1512 ». 

1314 1337 1360 1384 1407 1431 1455 1479 1503 1528 

1329 1352 1375 1399 1422 1446 1470 1494 1519 1544 . 

1344 1367 139 > 1414 14 8 1462 I 486 1510 1535 1560 

1359 1382 1406 1430 1454 1478 15o2 15z6 1551 1576 . 

1374 1398 1422 1446 1470 1494 1518 1543 1567 1592 

1390 1414 1438 1462 I486 1510 1534 1559 1584 1609 . 

1406 1430 1454 1478 1502 1526 1551 1576 1601 1626 

1422 1446 1470 1494 1518 1543 1667 1592 1617 1643 « 

1438 1463 1487 1511 1535 1560 1584 1609 1634 1660 


1454 1479 1503 1628 1552 1577 1601 1626 1651 1677 
1472 1496 1520 1545 1569 1594 1619 1644 1669 1695 
1489 1513 1537 1582 1586 1611 1636 1661 1687 1713 
1506 1530 1554 1579 1604 16^9 1654 1679 1705 1731 
1523 1517 1572 1597 1622 1647 1672 1697 1723 1749 
1540 1565 1590 1615 1640 1665 1690 1716 1741 1767 
1558 1583 1608 1633 1668 1683 1708 1734 1760 1786 
1676 1601 16*26 1651 1676 1701 1727 1753 1779 1805 
1594 1619 1644 1669 1694 1720 1746 1772 1798 1824 
1613 1638 1663 1688 1713 1739 1765 1791 1817 1843 


n 

22 

23 

24 

25 


ft 

4 

4 

4 

4 


26 

27 

26 


M 


4 

J 


29 


* 


30 


* 


1394 1417 1440 1463 1487 1510 1534 1558 1582 1607 
1412 1435 1458 1481 1605 1529 1553 1577 1601 1626 
1430 1453 1476 1499 1623 1547 1571 1595 1620 1645 
1448 1471 1494 1518 1642 1566 1590 1614 1639 1664 
140b 1489 1513 1537 1561 1585 1609 1633 1658 168:) 
1485 1508 1532 1556 1580 1604 1628 1653 1677 1702 
150.i 1527 1551 1575 1699 1623 1647 1672 1697 1722 
1622 1546 1570 1594 1618 1642 1667 1692 1717 1742 
1541 1565 1589 1613 1637 1662 1687 1712 1737 1762 
1561 1685 1609 1633 1657 1682 1707 1732 1767 1782 


1581 1604 1628 1652 1677 1702 1727 1752 1777 1802 
1600 1624 1648 1673 1697 1722 1747 1772 1797 1823 
1620 1644 1668 1693 1717 1742 1767 1793 1818 1844 
1641 1665 1689 1714 1738 1763 1788 1814 1839 1865 
1661 1685 1709 1734 1759 1784 1809 1835 i860 1886 
1681 1706 1730 1755 1780 1805 1830 1856 1882 1908 
1702 1727 1751 1776 1801 1826 1851 1877 1903 1930 
1723 1748 1773 1798 1823 1846 1673 1899 1925 1952 
1744 1769 1794 1819 1844 1870 1895 1921 1947 1974 
1766 1791 1816 1841 1866 1892 1917 1943 1969 1996 


1632 1656 1681 1707 1732 1758 1784 1810 1836 1862 • 

1650 1675 1700 1726 1751 1777 1803 1829 1855 1882 

1669 1694 1719 1745 1770 1796 18*22 1849 1875 1902 • 

1688 1714 1739 1765 1790 1816 1842 1869 1895 1922 

1709 1733 1759 1784 1810 1*36 1»62 1889 1915 1942 • 

1727 1753 1778 1804 1830 1856 1882 1909 1936 1963 

1747 1773 1798 1824 1850 1876 1902 1929 1956 1984 • 

1768 1793 1818 1844 1870 1897 1923 1950 1977 2005 

1788 1813 1839 1865 1891 1918 1944 1971 1998 20.6 •< 

1808 1833 1859 1886 1912 1939 1965 1992 2019 2047 


1827 1854 1880 1907 1933 1960 1986 2013 2040 2068 •< 

1849 1875 1901 1928 1954 1981 2 008 2035 2062 2090 

1870 1896 1922 1949 1975 2002 2029 2057 2084 2112 •< 

1891 1917 1944 1970 1997 2024 2051 2079 2106 21)4 

1912 1939 1965 1992 2019 2046 2073 21 >1 2128 2156 • 

1934 1961 1987 2014 2041 2068 2095 2123 2151 2179 

1957 1983 2009 2036 2063 2090 2118 2140 2174 2202 • 

1979 2005 2031 2058 2085 2113 2141 2169 2197 2225 

2001 2027 205:) 2081 2108 2136 2104 2191 22l9 2248 . 

2023 2049 2076 2104 2131 2159 2186 2214 2242 2271 


SI 

33 

S3 


* 

4 

4 


34 

35 


1787 1812 1838 1963 1888 1914 1939 1965 1991 2018 
1909 1834 1869 1885 1910 1936 1962 1988 2014 2041 
1831 1856 1881 1907 1933 1958 1985 2011 2037 2064 
1854 1879 1904 1930 1956 1981 2007 2034 2060 2087 
1876 1901 1926 1952 1978 2004 2030 2057 2083 2110 
1898 1924 1949 1975 2001 2027 2053 2080 2107 2134 
1921 1947 1972 1998 20*24 2050 2077 2104 2131 2158 
1944 1970 1996 2022 2048 2074 2101 2128 2155 2182 
1967 1993 2019 2045 2071 2098 2125 2152 2179 2206 
1991 2017 2043 2069 2095 2122 2149 2176 2203 2230 


2045 2072 2- '99 2127 2154 2182 2209 2237 2265 2294 . 

2068 2095 2122 2150 2177 2205 2232 2261 2289 2318 

2091 2118 2145 2173 2201 2228 2256 2285 2313 2342 . 

2114 2141 2169 2197 2224 2262 2280 2309 2337 2366 

2137 2165 2193 2220 2248 2276 2304 2333 2361 2390 , 

2161 2189 2216 2244 2272 2300 2328 2357 2.386 2415 

2185 2213 2240 2268 2296 2324 2353 2382 2411 2440 . 

2210 2237 2264 2293 2*21 2349 2378 2407 2436 2465 

2233 2261 2289 2317 2345 2374 2403 2432 2461 2490 , 

2258 2286 2314 2342 2370 2399 2428 2457 2486 2515 


36 

37 

38 


4 

4 

4 


39 


* 


60 


* 


2014 2040 2066 2093 2119 2146 2178 2200 2227 2286 
2038 2064 2090 2117 2143 2170 2197 2225 2262 22h0 
2062 2088 2114 2141 2168 2195 2222 2249 2277 2305 
2087 2113 2139 2166 2193 2220 S247 2274 2302 2330 
2111 2137 2164 2191 2218 2246 2272 2299 2327 2355 
2136 2162 2189 2216 2243 2270 2297 2325 2353 2381 
2160 2186 2214 2241 2268 2296 2322 21)50 2378 2406 
2185 2212 2239 2266 2293 2321 2348 2376 2404 2432 
2210 2237 2264 2291 2318 2346 2374 2402 2430 2458 
2236 2263 2290 2317 2344 2372 2400 2428 2456 2485 


2283 2310 2*38 2367 2395 
2307 2335 2363 2392 2420 
2332 2360 2389 2417 2446 
2357 2386 2414 244) 2472 
238;) 2411 2440 2469 2498 
2408 2437 2466 2495 2524 
24 4 2463 2492 2521 2560 
2460 2489 2518 2547 2576 
2486 2515 2645 2574 2604 
2512 2542 2571 2601 2630 


2424 2453 2482 2511 2541 
2449 2478 2508 2537 2567 
2475 *2504 2533 2563 2593 
2501 2530 2559 2589 2619 
2627 2556 2585 2615 2645 
2553 2.82 2612 2642 2672 
2679 2009 2638 2668 2699 
2606 2635 2665 2695 2726 
26*3 2662 1692 272) 2753 
2C60 2690 2720 2750 2780 


41 

42 

43 

44 

45 


4 

4 

4 

4! 

4 


2262 2289 2316 2343 2370 2398 2426 2454 2482 2511 
2288 2315 2342 2370 2397 2425 2453 2481 2509 2638 
2314 2341 2368 2396 2424 2451 2479 2508 2536 2565 
2340 2368 2395 2423 2450 2478 2506 25 <6 2663 2592 
2367 2394 2422 2449 2477 2505 2534 2562 2591 2619 
2393 2421 2448 2476 2504 2533 26bl 2590 2618 2647 
2420 2448 2475 2503 2531 2560 2588 2617 2646 2675 
2447 2475 2503 2531 2559 2588 2616 2645 2874 2703 
2475 2502 2530 2558 2587 2615 2644 2673 2702 2731 
2502 2530 2558 2586 2614 2648 2672 2701 2730 2760 


46 

47 

48 


4 

4 

4 

4 


60 


* 


2530 

2558 

2586 

2614 

2642 

2671 

2700 

2729 

2758 

278* 


2558 2586 2614 2642 2671 2700 2729 2758 2788 
2586 2614 2643 2671 2700 2729 2758 2787 2817 
2614 2642 2671 2700 2728 2758 i787 2816 2846 
2643 2671 2700 2728 2757 2786 2816 2846 2876 
2671 2700 2723 2756 2786 2816 2845 2876 2905 
2700 2728 2767 2786 2816 2845 2875 2905 2935 
2729 2758 2786 2816 2845 2874 2904 2934 2965 
2758 2787 2816 2845 2875 2904 2934 2964 2996 
2787 2816 2846 2876 2905 2934 2964 2995 3025 
2bl7 2846 2876 2905 2935 2964 2995 3025 3055 


2539 2569 2598 2628 2657 2687 2717 2747 2777 2808 . 

2567 2596 2625 2655 2684 2714 2744 2775 2805 2836 

2593 2623 2653 2682 2712 2742 2772 2802 2833 2864 . 

2621 2651 2680 2710 2740 2770 2800 2830 2861 2892 

2649 2«78 2708 2738 2768 2798 2828 2858 2*99 2920 . 

2676 2706 2736 2760 2796 2826 2856 2 887 2918 2949 

2704 2734 2764 2794 2824 2854 2885 2915 2946 2978 . 

2732 2762 2792 2822 2853 288.*) 2913 2944 2975 3007 

2760 2790 2821 2852 2882 2912 2942 2973 3005 3036 . 

2788 2819 2850 2880 2910 2941 2972 3008 3034 3065 


2817 2848 2879 2909 2939 2970 3001 3032 3063 3095 
2846 2877 2907 2938 2968 2999 3030 3062 3093 3125 
2876 2906 2937 2967 2998 3029 3060 3"92 3123 3165 
2905 2936 2966 2997 3028 3059 3090 3122 3153 3185 
2935 2965 2996 3027 3058 3089 3120 3152 3184 3215 
2965 2995 3026 8057 3(>88 3119 3150 3182 3214 8246 
2995 3026 8057 3087 3118 3149 3181 3213 3245 3277 
3025 3056 3087 3118 3149 3180 8212 3244 8276 3308 
3055 3086 3118 3148 8179 3211 3243 3275 3307 3339 
8085 3117 8148 3179 8210 8242 8274 8806 3338 8371 


4 4 4 4 4 


14 4 4 4 4 


4 4 87 4 58 4 50 4 60 


1254 1277 1800 1323 1346 1370 1394 1418 1442 1466 , 
1266 1289 1312 1335 1358 1382 1406 1430 1454 1478 4 
1278 11401 1324 1347 1370 1394 1418 1442 1466 1491 , 
1290 1313 1336 1359 13»2 1406 1430 1455 J479 1604 ft 
1302 1325 1348 1371 1395 1419 144:) 1468 1492 1517 . 
1314 1337 1360 1384 1408 14 2 1456 1481 16o6 1530 k 
1326 1349 1373 1397 1421 1445 1469 1494 1518 1543 ( 
1338 1362 1386 1410 1434 1458 1482 1507 1632 1557 ft 
1351 1375 1399 1423 1447 1471 1496 1521 1546 1571 . 
1364 1388 1412 1436 1460 1485 1510 1534 1559 1585 ft 
1378 1402 14i6 1450 1474 1499 1523 1548 1573 1599 


1391 1415 1439 1463 1488 1513 1637 1562 1588 1613 ft 

1405 1429 1453 1477 1502 1527 1552 1577 lb02 1628 . 

1419 144:) 1467 1491 1516 1541 15 6 1591 1617 1642 ft 

1433 1457 1481 1506 1531 1556 I3b0 1606 1631 1657 

1447 1471 1496 1520 1545 1670 15*> 1621 1646 1*72 ft 

1461 i486 1510 1535 1560 1585 1611 1636 1662 1688 , 

1476 1501 1525 1550 1575 1600 1626 1651 1677 1703 ft 

1491 1516 1540 1565 1590 1616 1641 1667 1693 1719 , 

1506 1531 1555 1580 1606 1631 1<£7 1683 1709 1735 ft 

1521 1546 1571 1596 1621 1647 1673 1699 1725 1752 


. 1537 1562 1587 1612 1637 1663 1689 1715 1742 1768 4 

1553 1578 1603 1628 1653 1679 1705 1732 1758 1785 

. 1569 1594 1619 1644 1670 1695 1722 1748 1775 1801 ft 

1585 1610 1635 1661 1686 1712 1738 1765 1/91 1818 

. 1601 1626 1651 1677 1703 1729 1755 1782 1808 1835 ft 

16*7 1643 1668 1694 1720 1746 1772 1799 1826 1853 

. 1634 1660 1685 1711 1737 1763 1789 1816 1843 1870 ft 

1651 1677 1702 1728 1754 1781 lb07 1834 1861 1888 

. 1668 1694 1719 1745 1772 1798 1825 1852 1879 1906 ft 

1685 1711 1737 1763 17b9 1816 1843 1870 1897 1925 


• 1703 1729 1755 }!*81 1807 1834 1861 1888 1916 1943 ft 

1721 1747 1773 1799 1826 1853 1880 1907 1934 1962 

. 1739 1765 1791 1817 1844 lb71 1898 1925 1953 1981 ft 

1757 1783 1809 1836 1863 1890 1917 1944 1972 2000 

• 1775 1801 1828 1854 1881 1909 1936 1963 1991 2019 ft 

1793 1820 1846 1873 1901 1928 1955 1983 2010 2038 

. 1812 1839 1865 1893 1920 1947 1974 2002 2030 2058 ft 

1831 1858 1885 1912 1939 1966 1994 2022 2050 2078 

• 1850 1877 1904 1931 1958 I9e6 2014 2042 2070 2098 ft 

1870 1897 1924 1951 1978 2006 2034 2062 2090 2118 


• 1889 1916 1943 1971 1998 2026 2054 2082 2110 2138 ft 

1909 1936 1963 1991 2018 2046 2074 2102 2130 2159 

. 1929 1956 1983 2011 2038 2066 2094 2123 2151 2180 ft 

1949 1976 2003 2031 2059 20*7 2116 2144 2172 2201 

. 1969 1997 2024 2062 2080 2108 2136 2165 2193 2222 ft 

1990 2018 2045 2073 2101 2129 2157 2186 2215 2244 

2011 2039 2066 2094 2122 2150 2178 2207 2236 2266 ft 

2032 2060 2087 2115 2143 2172 2200 2229 2258 2288 

2053 2081 2109 2137 2165 2194 2222 2*251 2280 2310 ft 

2074 2102 2130 2159 2187 2216 2244 2273 2302 2332 


. 2096 2124 2152 2181 2209 2238 2266 2295 2324 2354 ft 

2118 2146 2174 2203 2231 2260 2289 2318 2347 2377 . 

. 2140 2168 2196 2225 2253 2282 2311 2341 2370 2400 ft 

2162 2190 2219 2247 2276 2305 2334 2364 2393 2423 

. 2184 2213 2241 2270 2299 2328 235 7 2387 2416 2446 ft 

2207 2236 2264 2293 2322 2361 2380 2410 2440 2470 

• 2230 2259 2287 2316 2345 2374 2404 2434 2464 2494 ft 

2253 2282 2310 2339 2368 2398 2428 2458 2488 2518 

. 2276 2305 2334 2363 2392 2422 2452 2482 2512 2542 ft 

2299 2328 2357 2387 2416 2446 2476 2506 2536 2566 


. 2323 2352 2381 2411 2440 2470 2500 2530 2560 2591 ft 

2347 2376 2405 2435 2464 2494 2524 2555 2585 2610 

. 2371 2400 2430 2459 2489 2519 2549 2579 2610 2641 ft 

2395 2425 2454 24*1 2514 2544 2574 2604 2635 2666 

. 2420 2449 2478 2508 2538 2569 2599 2629 2660 2691 ft 

2444 2474 2503 2533 2563 2594 2624 2655 2686 2717 

. 2469 2499 2528 2558 25 88 2619 2649 2680 2711 2742 ft 

2494 2524 2554 2584 2614 2644 2675 2700 2737 2768 

„ 25i 9 2549 2579 2609 2639 2670 2701 2732 2763 2794 ft 

2545 2575 2605 26)5 2665 2696 2727 2758 2789 2821 


> # 2571 2601 2631 2661 2692 2722 2753 2784 2816 2847 ft 

2597 2627 2667 2687 2718 2749 2780 2811 2842 2874 

2623 2653 2683 2713 2744 2775 2806 2838 2869 2901 ft 

2649 2679 27»9 2740 2771 28o2 2833 2865 2897 2929 

2675 2706 2736 2767 2798 2829 2»60 2892 2924 2966 ft 

2702 2733 2763 2794 2825 2856 2888 2920 2952 2984 

2729 2760 2790 2821 2852 28b3 2916 2947 2979 3011 ft 

2756 2787 2818 2849 2879 2911 2943 2975 80o7 3039 

. 278;) 2814 2845 2876 2907 29*9 2971 3003 3035 3067 ft 

2811 2842 2873 2904 2935 2967 2999 3031 3063 3096 


. 2839 2870 2901 2932 2963 2995 3027 8059 3092 3124 ft 

2867 2898 2929 2960 2992 3024 8056 3088 3120 8153 

. 2896 2926 2957 2988 3020 3052 3084 3117 8149 3182 ft 

2923 2954 2985 3017 3049 3081 3113 8146 8179 3211 

. 2951 29b3 15 *046 3078 3110 8143 3175 3208 8241 ft 

29*0 3012 3043 8075 3107 8140 8172 3206 3288 3271 

. 3009 3041 3072 3104 3137 3169 3202 3234 S260 3301 ft 

3038 3070 3102 3134 3166 3199 8231 8264 3298 3331 • 

, 3067 3099 3131 3163 3196 3229 3261 3294 3328 3361 ft 

J097 3129 3161 3193 8226 3259 3292 3325 3358 3391 


. 3127 3159 8191 3223 3257 3289 3322 3355 3388 3422 Ift 

3157 3189 3221 3254 3286 3319 3352 3386 3419 3453 

. 8187 3219 3252 3284 3317 3350 3383 3417 3450 3484 ft 

3217 3250 3282 3315 8348 3381 3414 3448 3481 3516 

. 3248 3280 3313 3346 3379 3412 3445 3479 3512 3546 ft 

3279 3311 3344 3377 3410 3443 8476 3510 3544 3578 

. 3310 3342 3375 3408 3441 3474 3508 3542 3676 3610 ft 

3340 3373 3406 3439 3472 3506 3540 36/4 3608 3642 

. 3372 3405 3438 3471 3604 3538 3672 3606 3640 3674 ft 

8404 3437 3470 3503 3536 3570 8604 3638 3672 3707 


4 4 4 4 4 
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ON THE APPLICATION OF SCULPTURE AND 
SCULPTURED ORNAMENT TO ARCHITECTURE. 

By H. B. Cabling. 

At a meeting of the Royal Institute of British Architects, held 
on the 29th of May, the following paper was read : — “ Essay on 
the Application of Sculpture and Sculptured Ornament to Architecture , 
and the Principles which should regulate their introduction into Build- 
ings generally , both with regard to Beauty of Embellishment and Pro- 
priety of Style.” By Mr. H. B. Gabling ; for which the Silver 
Medal of the Institute was awarded. 

If from the study of some individual branch of fine art, we 
proceed to consider how to combine any two or more of them in 
the same composition with the greatest effect, — in investigating 
the relation they bear to each other, the means by which tne im- 
pressions conveyed by the one are influenced by its connection 
with the other, and the sources from whence our ideas of beauty or 
grandeur in each department result, we cannot fail to remark the 
close and striking analogy which exists between all the various 
branches into which fine art is divided, whether by the impressions 
they produce upon the mind, or the means by which those impres- 
sions are effected. We shall find that though varying in the organ 
by which they address the imagination, or the vehicle by which 
they convey their impressions to the mind, they influence the 
same feelings, strike as it were the same chords, and depend upon 
causes varying in form only, to produce effects substantially the 
same. 

Whether it be architecture or sculpture, painting, music, or 
poetry that engages our attention, it is but the expression of one 
and the same sentiment — the collecting and arranging in the most 
effective manner, the giving form and substance, as it were, to 
those ideas and images, from which result our impressions of the 
sublime and beautiful. 

Though we may discover in all, this common origin and aim, yet 
between some the connection is obvious ; and the assistance they 
afford to each other, when skilfully combined, more natural and 
effective. 

Thus, if to the symmetry and proportion of architecture we add 
the graceful terminations and flowing lines of sculpture, or the 
relief and rich variety of pictorial embellishments, we enhance the 
value of each by placing it in its most effective position, and sur- 
rounding it with suitable and appropriate accessories. 

To the artist it is, therefore, an important as well as an inter- 
esting investigation to consider how the architect and sculptor may 
unite their labours with the most successful result ; and what rules 
we must observe in the treatment of each department to produce 
a harmonious and effective combination. 

If we commence our investigation by tracing the distinguishing 
features of the various styles of art as each rose in succession 
from the materials bequeathed by its predecessor, the first that 
engages our Attention is the collossal architecture of the Egyp- 
tians. The distinguishing features of these extraordinary edifices 
are so well known as scarcely to need description : interesting as 
they may be to antiquarian research, and rich in matter for reflec- 
tion and speculation on other points, to the artist they afford but 
scanty materials for study, and still less for imitation and example. 
That the germs of beauty and proportion may be traced in a cer- 
tain propriety of decoration ana regular disposition of parts may 
not, perhaps, be denied ; as also that a certain effect of grandeur 
has been attained ; the results of collossal size both in the general 
mass, and also in the details of the composition. Yet they exhibit 
a style of art so circumscribed in its object, so limited in its re- 
sources, and so much fettered by conventional ideas and principles, 
as to limit its advancement beyond a certain point — forming, in 
fact, a perfect reflection of the social condition of the people with 
whom it originated. 

If from Egypt we turn to Greece (where exquisite refinement of 
taste and feeling were combined with a social condition more fa- 
vourable to progress than in the former country), we shall find 
the powers of the artist rapidly increasing with the demand for 
their employment, and the scope afforded for their exercise. Aim- 
ing at the attainment of beauty by nicely-adjusted proportions and 
propriety of decoration, and attaining grandeur and dignity of 
effect, not by actual size, but by simplicity of parts and regularity 
of design, we observe even in their earliest efforts the germs of 
that perfect mastery of all the resources of art, which subsequently 
ripened and expanded into the inimitable productions of the age 
or Pericles. 

Apart from the merits of each in its particular department, the 
principles they observed in combining architecture and sculpture 


in one composition claim our most careful attention. Whether 
forming the graceful terminations of the acroteria, or filling up the 
voids of the pediments, or metopes of the Doric entablature, or 
decorating the walls in long continuous friezes of elaborate design, 
we observe how admirably the sculptural accessories complete the 
general outline of the masses, fill up every void space with rich 
and appropriate decoration, and relieve the more regular forms of 
the architecture with the most pleasing variety of lines ; imparting 
poetry of feeling to the whole composition, and assisting in a most 
important degree the character aimed at by the architect. 

The rules observed in the treatment and distribution of sculp- 
ture by the artists of Greece, obtained throughout the whole of 
the best period of classic art. 

The triumphal and monumental buildings of antiquity are par- 
ticularly interesting, as exemplifying the views and ideas of artists 
of the most acknowledged skill and judgment. The mausolea of 
Halicarnassus, of Hadrian, and of Augustus, the Antonine and 
Trajan columns, the triumphal arches on the Via Sacra, the com- 
memorative monuments in short of every class, when carefully 
considered, will be found to possess a character admirably adapted 
to the purposes of their erection : but in the application of these 
ideas to our own times, we must ever keep carefully in view the 
particular circumstances which guided them in the forms and ar- 
rangement they adopted. As art degenerated towards the decline 
of the Roman empire, the abandonment of true principles became 
apparent in all its departments — in none more so than in the treat- 
ment of sculptural accessories, — their meretricious character and 
the profusion of ornament (often exceedingly coarse and inelegant) 
destroying that repose and chaste simplicity, so essential to true 
dignity oi style and so happily attained in the works of a better 
period. Of these abuses the latter examples of Roman architec- 
ture, particularly the baths and even to a greater degree the gor- 
geous remains at Balbec and Palmyra, afford remarkable 
instances. 

The political convulsions which for centuries distracted the 
world, so completely buried in barbarism and ignorance every 
class of literature and every vestige of art, that scarcely any pro- 
duction worthy of the name can be recorded. This destruction of 
art seems to have been completed at a period when the true prin- 
ciples of taste being abandoned, and its most essential rules being 
completely lost sight of, all hope of further progress was stayed; and 
thus, though for a time its extinction was most complete, this very 
circumstance may be said to have paved the way for its regenera- 
tion on better principles, at a subsequent period. By it was 
annihilated all mere conventional rules, and by it was destroyed 
every false standard of excellence; and the absence of precedent 
compelled the artist to go back to the study of nature, the only 
source from which, in early ages, he can, and in all ages, he should, 
derive his ideas, however he may seek to form his taste, mature 
his judgment, or collect experience from the works of others : and 
from this constant reference to nature alone, we must trace that 
freshness of feeling and vigour of conception with which the early 
productions of art and literature teem, and which we strive in 
vain to catch when the feelings of society have become more re- 
fined and enervated, and its structure more artificial and compli- 
cated. Art will invariably take its tone and expression from the 
character of the age in which it is produced ; it is an influence the 
artist cannot resist ; it forms the veiy atmosphere he breathes ; 
and from it the constitution of his mind takes its tone : the expe- 
rience of the past offers no exception, the character of art at the 
present day confirms it. 

As the arts gradually emerged from the obscurity in which they 
were buried (fostered by a patronage peculiarly favourable for the 
development of their loftiest powers), they began to assert their 
true position and exercise their legitimate influence on society ; 
and while the monuments of classic art were rapidly falling to 
decay, another style of architecture arose, based on principles of 
construction and of composition almost as diametrically opposite to 
those of classic art as the source from whence it sprung, the pur- 
poses to which it was dedicated^ and the character of tne age and 
people amongst whom it originated. The sculptural accessories 
are no less different in character than the architecture with which 
they are associated. These sculptural accessories (often vigorous in 
design and well conceived, consisting principally of isolated 
figures, stiff and constrained, distributed and arranged rather by 
conventional and prescribed ideas of symbolism than by rules of 
artistic composition), convey ideas more by symbolical arrangement 
than by a combination of action and expression ; of this perhaps 
the fronts of Wells and Exeter Cathedrals may be adduced as the 
most striking examples. Thus in the sculptural decoration of 
mediaeval architecture we observe a style of art too subordinate in 
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its character, too circumscribed in its views, and too much fettered 
lyr conventional forms to expand and assert an independent posi- 
tion ; aiming solely at the expression of devotional feeling by the 
adoption of the most simple forms. These remarks do not apply 
to tne artists of the revival in Italy ; who, forming their taste on 
the model of the antique, united to these sentiments the lofty ex- 
pression of intellect and ideal perfection; and thus produced a 
distinguishing merit and charm in their works. In the revival of 
the classic styles in Italy, we, in the treatment of the two arts of 
architecture and sculpture, meet with the observance of the same 
principles which guiaed the artists of classic times ; but not, how- 
ever, carried out with the same refinement of feeling and correct- 
ness of taste. The vigorous and fertile imagination of the great 
Italian masters (though it enabled them to trace out their own 
path, and to imitate the example and catch the feeling without 
tamely copying their model) often betrayed them into irregularity, 
which marred the effect of their most successful works ; while by 
artists of inferior talent, exaggerated action and expression, eccen- 
tricity. and extravagant conceits, were too often confounded with 
the bold originality and vigorous conceptions of true genius. Of 
these defects the palaces and churches of Italy afford innumerable 
instances, which will immediately occur to those acquainted with 
the works of these masters. It cannot, indeed, be denied, that the 
peculiar character of the Italian style admitted a freedom of treat- 
ment in the sculptural accessories which would be offensive and 
inadmissible in more correct and regular compositions ; but at the 
same time it will be obvious that there is a limit to these irregu- 
larities, which can only be assigned by good taste and discriminat- 
ing judgment on the part of the artist himself. 

The first and most important point is to observe a perfect ac- 
cordance in style and character with that of the building to which 
we apply it, that it not only should illustrate its object and pur- 
pose, by intelligible and appropriate allegory, but convey it also 
with congruity of feeling and sentiment, even to the minutiae of 
execution, (for the skilful architect not only adapts the main 
features of his building to the purpose for which it is designed, 
but also expresses it in every member, and moulds every detail in 
exact accordance). But to produce that harmony and propriety 
(which is the source of our most agreeable sensations in contemp- 
lating the productions of art), we must in addition, distribute it 
so judiciously through the composition, and so nicely adjust it in 
proportion and position, that it shall appear an integral portion of 
the design, — the work 89 it were of one hand, and so completely 
the expression of one idea, that a chasm and void would be created 
by its removal : that neither by disproportionate size, nor too pro- 
minent a position, it should obtrude offensively on the eye ; nor by 
the opposite extreme, appear to retire too much and lose its legiti- 
mate effect and place in the composition. The regulation and nice 
adjustment of these points cannot, however, be determined by rule, 
since every individual case will require a different treatment, but 
it must altogether be attained by that refinement and correctness 
of taste on the part of the artist which can only result from a 
careful and accurate study of the best models, united with the 
greatest judgment and discrimination. 

As a subordinate and purely decorative feature, it will be of the 
utmost importance that the outline of the sculpture should be re- 
gulated by, and accord most accurately with, that of the architec- 
ture; and that it fill up with precision those circumscribing lines 
within which it is placed ; that there be no protuberance, undue 
projection, or ungraceful deflection in the contour, either in itself, 
or in combination ; and that it do not interfere with, or break off 
those main lines which indicate the constructive features of the 
building, or the continuity of which expresses the arrangement 
and proportions of the composition. 

It will also be found a point of considerable importance, in com- 
bining sculpture with architecture, to adopt a sober and subdued 
6tyle of composition in the position and arrangement, and particu- 
larly in the treatment, of tne draperies and accessories, not only 
in isolated figures and in those which form the terminations and 
crowning members, but also in the composition of the friezes and 
pediments. The confusion produced by exaggerated action or 
intricate grouping will be immediately detected by its discomposing 
and harshly contrasting, without relieving the lines of the archi- 
tecture ; though on the other hand must be avoided a meagre and 
straggling arrangement, and the stiff effect arising from perpen- 
dicular and horizontal lines. The value of sculpture as a decora- 
tion (independent of the sentiment it conveys) consists much in 
the relief it affords by carrying up the eye with its graceful termi- 
nations ; filling up what would otherwise be void and blank, with 
varied and undulating lines and forms of the most exquisite 
beauty. The success with which the artists of Greece moulded 


and adapted these requirements will prove that, when properly 
treated, they tend neither to cramp the ideas nor to shackle the 
invention of the artist. 

If it be necessary to observe these rules in the treatment of 
groups, it will be found still more so in the case of isolated figures ; 
and the infringement of them produces still more ungraceful 
effects. On the revival of art in Italy, distortion and exaggerated 
action and expression were too frequently confounded with origi- 
nality and vigour of execution ; and we are continually meeting 
in their works with the most striking instances both of the in- 
fringement of these rules and the ungraceful effects resulting 
therefrom. 

In placing sculpture in juxta-position with architecture, it is 
obviously a point of no small importance to consider the scale 
thereby imparted to the composition. It will hardly be necessary 
to demonstrate with argument, that with which every artist must 
be acquainted ; viz., that magnitude is relative rather than actual, 
and that by skilfully proportioning details, or by placing in juxta- 
position features, witn the size of which, by habit, experience, or 
instinct, we are acquainted, with those of which we have no other 
data for determining the magnitude, he can impart a fictitious 
scale to his composition ; or that by diminishing one feature and 
exaggerating another, he can, by this comparison, produce an idea 
of magnitude which the actual size does not possess. In practice, 
this, nevertheless, has but too frequently been lost sight of ; and 
in many instances, where circumstances institute the comparison, 
it has been rather the result of accident than design. Perhaps this 
remark might be more justly restricted to the revival and later 
productions of art ; since, in the works of the antique, we con- 
tinually observe not only its application, but the success with 
which it has been attended. The principle must, however, obvi- 
ously become of peculiar importance in the case of sculpture, 
since the proportion of the human figure is that with which we are 
most naturally and necessarily acquainted, and one which we per- 
haps more readily apply than any other (adjusting everything to 
this scale instinctively), and although, to a certain extent, the 
scale of the sculptural accessories, particularly the isolated figures, 
will be indicated by various circumstances in the proportions of 
the architecture, it is not absolutely or invariably so, and the ad- 
vantage to be gained by skilfully adjusting this scale must never 
be lost sight of. When, by being in due proportion to the mem- 
bers of the architecture, it would become too colossal, it might be 
preferable to adopt a different species of decoration ; since, where 
the ordinary features of the composition are merely increased in 
actual size, and the same relative proportions observed, the scale 
by which we measure is increased in nearly the same ratio. We 
may also observe, that the undue exaggeration of the human 
figure beyond its natural proportions, so far from invariably pro- 
ducing an effect of grandeur, is sometimes productive of impres- 
sions akin to those resulting from actual deformity ; the propor- 
tioning these parts is, however, a point which must depend solely 
upon the judgment of the artist, and one for which no rule can be 
laid down : a careful study of the best models and an accurate ob- 
servation of works already executed, will form the best and perhaps 
the only guide. 

When we observe how necessary to produce a pleasing and har- 
monious effect (even in isolated works, which are to be considered 
as complete in themselves and not affected by external circum- 
stances) are the duly balancing the corresponding parts of the 
composition ; the skilfully contrasting and combining forms and 
lines of varying contour ; the duly filling-in and adjusting every 
part so as to give one outline to the mass, however varied in 
detail, — it is obvious, that in combination with architecture, the 
slightest discrepancy or failing in this respect will be exaggerated, 
by contrast with the regularity of the lines and masses with which 
it is associated ; and to this point, therefore, the artist must direct 
his most diligent attention. 

In designing groups and figures which crown and form the ter- 
mination of tne composition, it will be found of the greatest im- 
portance that the figures in every aspect appear in perfect 
equilibrium, and firmly planted and balanced on the pedestal on 
which they stand, devoid of any protuberance or projection, either 
in limb or drapery, which may appear to throw the mass more on 
one side than on the other. It will for this purpose be found ne- 
cessary carefully to study the work from every possible point of 
sight from which it can be seen ; since we have continually to 
observe that though perfect when viewed in some positions, this 
due equilibrium of the mass is disturbed when seen in others, and 
that even, when, in reality and mechanically speaking, it is duly 
poised. 

Of the ill effects resulting from an imperfect or partial study of 
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this important point, the works of the artists of the revival above 
alluded to (though masters of perspective and perspective effects) 
afford innumerable instances; while of consummate skill and 
science in meeting these requirements, the inimitable productions 
of the Grecian chisel afford at once a most striking example, and 
to the artist an invaluable model for study. 

An important part of the subject of the application of sculpture 
to architecture is the employment of caryatides in the place of 
the column to support the entablature of the orders. Whether the 
origin of this feature be that related by Vitruvius, or whether it 
resulted merely in the fertile and lively imagination of the artist 
adopting this form for variety only, it will hardly be worth our 
while to consider ; though the employment of the human figure 
combined with massive columns, but not aiding in the support of 
the mass above, occurring in the Egyptian temples, might induce 
the belief that the idea has been already suggested by precedent, 
aud that the character it assumed in Grecian architecture was 
merely the result of the more refined taste of the artist. The 
instances in which they were employed, and the manner in which 
they have been treated, has been already considered, as also that of 
the same feature by the artists of the revival in Italy. It has else- 
where been but very sparingly adopted. Jean Goujon has left us 
some admirable specimens of his taste and skill in the Louvre at 
Paris, which exnibit all the chaste and refined feeling of the 
antique combined with the freedom of the revival. Inigo Jones’s 
circular court of caryatides, in the Palace at Whitehall, though 
not executed, yet forms so beautiful a feature in the design that 
we must not omit to notice it, and to observe with what peculiar 
judgment the architect has treated this feature of his design : by 
applying it to an interior court, a perfectly unique effect is pre- 
served, undisturbed by comparison in size with the columnar ar- 
rangement. 

It is obvious that, in a great measure, the same rules will regu- 
late the treatment of caryatides which govern the application of 
sculpture generally to architecture; viz., a general sobriety of 
treatment; the avoiding all strained and unnatural positions of 
the limbs ; no flutter or discomposure of the drapery ; the figure 
balancing itself most accurately, and appearing in every position 
in the most perfect equilibrium ; the outline of the limbs being 
clearly developed through the folds of the drapery; and, lastly, 
the absence of the idea of forced and laborious exertion on the one 
hand, and of positive inaction on the other, that the figure appear 
easily and naturally to support its superincumbent members, and 
that they be so treated that the same outline and position do not 
recur too often. If engaged with the wall, as is frequently the 
case, a greater freedom of treatment may undoubtedly be adopted, 
since the outline of the figure will not vary much in different 
points from which it can be seen. 

It might at first be supposed that the study and practice of two 
arts, so intimately connected with each other, and so naturally 
and readily combined, might have been united with advantage in 
the same artist. If, however, we look back upon the histoiy of 
art, more particularly to the era of the revival in Italy, at which 
time they were not uncommonly united in the same individual, we 
cannot but observe that the abuses and deformities are principally 
to be met with in the works of the architect-sculptors ; and that 
in artistic effect and arrangement, as well as in appropriate and 
characteristic detail, they were surpassed by their Drethren, the 
architect-painters of the same period. However, they both fall 
short of those whose whole attention was devoted to architecture 
alone ; showing, more conclusively than argument, that the rules 
of the artist must, in these points, be his non imperitus; that to 
compass more than one to its fullest extent — to attain to or approach 
perfection, where the attention is divided upontwo objects ot equal 
importance and scope, — is beyond the grasp of the most powerful 
intellect, and that the attempt can only be attended with failure 
in one, or mediocrity in both. There may be quoted a few brilliant 
exceptions ; yet, if these even be fairly balanced upon their own 
merits, irrespective of the authority of great names, the observa- 
tion may apply to them. 

In conclusion, although it might seem that the rules to be ob- 
served in applying sculpture to architecture are rigid, and calculated 
to trammel the artist with restrictions incompatible with the free 
exercise of his genius, there is, in reality, perhaps no point on 
which the invention of the artist is less fettered, or on which so 
wide a field is left for the exercise of his own discretion, since 
they determine no fixed proportions, prescribe no particular form, 
arrangement, or detail, and their very application must depend on 
the artist’s discernment and taste. How little these rules are cal- 
culated to induce poverty and tameness of design, or confine the 
free exercise of the imagination, the example of the gifted artists 


of Greece will sufficiently prove. The rules of art, so called, are 
not arbitrary restriction founded on the caprice of fashion, the 
authority of precedent, or the practice of approved masters, — but 
those immutable laws, upon the observance of which beauty, 
gjandeur, and harmony most depend (which admit of no excep- 
tion), apply to every variation of circumstances ; are ascertained' 
by an accurate observation of the effects of certain combinations ; 
and are as inseparably connected with the productions of certain 
results as cause and effect in mechanical appliances in the physical 
world. It is the attribute and characteristic of true genius in- 
tuitively to know, and instinctively to apply them, however neces- 
sary experience, careful observation, and diligent study may be to 
mature the judgment and refine the taste. To conform to them 
will exercise its ingenuity rather than restrict its powers, while 
their due observance will give force and precision to its efforts, 
by directing them in the right channel, and by preserving it from 
those irregularities which mar the productions of genius unaided 
by experience and education. J 


' ; 


RESISTANCES TO RAILWAY TRAINS. 

EXPERIMENTS DOWN INCLINED PLANES BY GRAVITY. 

Some experiments have recently been made on the retardation 
of trains on inclined planes; ana as the subject has been much 
debated, a brief analysis of the results may be acceptable, — an 
account of the experiments themselves will be found at the end of 
this paper. It is to be observed, that the circumstances under 
which they appear to have been conducted, render uniformity 
and certainty m the conclusions from them very difficult, or rather 
absolutely impossible. 

In the first place, to get a general law of resistance by experi- 
ments on inclined planes, it is absolutely requisite that the line 
should be straight, tne air calm, and the distance traversed con- 
siderable. Of the resistance of curves, and wind in motion, 
nothing can be known till the resistance in more simple cases be 
ascertained. To begin with the more complex enquiry is to 
entangle the subject with phenomena, respecting which igno- 
rance virtually is confessed, by the very circumstance of making 
the experiment. 

Again, it is imperatively necessary that the distance traversed 
should be considerable — and we urge this point the more strongly, 
because it applies, not only to the present experiment, but also to 
former experiments on the narrow-gauge railways. The report to 
the Britisn Association on Railway Resistances (1837) contains the 
following important remark on this head : — 

“ Io every case hitherto examined, the uniform velocity which may ap- 
pear to have been attained under such circumstances, is somewhat less 
than that attained on the same plane, when the train has commenced the 
descent at a considerable velocity ; it may therefore be doubted, if trains 
which may appear to have attained an uniform velocity after starting from 
a state of rest (on planes on which the experiments have been made), 
may not really be travelling at a very slowly accelerating velocity, and 
as the lengths of such planes of one inclination do not enable this to be 
ascertained with certainty, it has been deemed better to exclude such 
results. The same rule has been followed for similar reasons in analysing 
the other series of experiments on inclined planes referred to in this 
paper.” 

This remark appears to apply to the experiments before us, and 
also to those undertaken by Mr. Wyndham Harding, on the Croy- 
don Atmospheric Railway. Of course, it is only where the mass ox 
the train is small, that the resistance soon begins to teU; the effect 
of the inertia of large trains travelling at high velocities, is best 
seen by considering the distance they will move when subject to 
the enormous pressure of the break. 

The present experiments being subject to these various sources 
of error, exhibit discrepancies which greatly diminish the value 
of the conclusions indicated. For instance, in each of the first 
nine experiments (except the 6th and 8th, which may be altoge- 
ther disregarded on account of the disadvantageous circumstances 
under which they were conducted), there occurs a sudden and un- 
explained increase of velocity at the distance 854. This may, 
perhaps, be attributable to load circumstances ; but what is more 
important, is the fact that the alteration of the gradient from ^ 
to gjg, makes no perceptible alteration of the speed in five out ot* 
the seven trustworthy experiments on those gradients. This con- 
sideration furnishes a convincing proof of the danger of drawing 
deductions from the apparent uniformity of motion for riiort dis- 
tances. If the resistance in pounds per ton for a given velocity 
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be deduced from the apparently unaltered motion on both gradients, 
we arrive at the absurdity of giving the resistance two different 
values, of which one is between six and seven times as great as 
the other. 

To exhibit more clearly the very great effect of the inertia of 
trains in maintaining their velocity, we will calculate the motion 
on level ground, at a uniform resistance of 20 lb. per ton, when 
the train is started at a velocity of 80 feet per second (or rather 
more than 54 miles an hour). By the principle of Conservation of 
Vis Vim — 

,’,W (V* — «’) = 2R*; 

where R is the uniform resistance, V the initial velocity in feet 
per second, v the velocity at a subsequent time when the train has 
travelled x feet, W the weight, and therefore JjW the mass 
(putting 32 feet for the measure of gravity): or one thirty-second part 
of the weight X by the difference between the squares of the initial and 
subsequent velocity , is equal to twice the corresponding distance tra- 
versed X &V the uniform resistance. This is a simple arithmetical 
rule for calculating all cases Of the rectilineal motion of a body 
started with a given initial velocity, and then abandoned to the 
influence of a constant retarding force. 

To suit the present case, we put V = 80, and the resistance = 
20 pounds per ton, and multiply the weight of the train by 2240, 
to express it in pounds ; and the above formula becomes 

2240 7 

_ (V a - t,’) = 40 x; or, 11,200 - 

to find the distance in feet corresponding to any subsequent 
velocity. Putting v = 0, we find that the train moves 2*12 miles 
before it comes to rest ; and putting v ==. 70, we find that the train 
moves 2,925 feet , or more than half a mile , before its velocity is reduced 
from 80 to 70 feet per second. If, instead of making the resistance 
uniform, we supposed it to decrease gradually, as it does on rail- 
way, the distances above calculated would be increased. 

These considerations show the absolute necessity of using long 
distances in performing experiments on the retardation of trains. 
But though they throw a doubt on the experiments before us, it 
would be too much to say that they render them absolutely worth- 
less. On the contrary, with some exceptions, the conclusions dis- 
play a certain degree of consistency which adds to their weight. Of 
course, the testimony inferred from this consistency would be much 
greater if we were informed that these experiments are all that 
have been undertaken, and that none other inconsistent with them 
have been performed. 

Now. of the experiments on the gradient, the 2nd, 3rd, 
and 5tn, with an initial velocity of 50 to 52 miles an hour, ex- 
hibit tolerably uniform velocities. This would indicate that at 
50 to 52 miles an hour, the resistance is ^ the weight, or 22-4 lb. 
per ton. Experiments 1, 4, and 7, show retarding velocities, indi- 
cating that at 54 to 58 miles an hour, the resistance exceeds 22*4 lh. 
per ton. Again, in the 13th experiment, on a gradient of about A, 
the speed is tolerably uniform; in the 11th, on the same gradient, 
it is accelerated. In both experiments on a gradient of the 
speed is accelerated. Reasoning as before, we have — on the assump- 
tion that the above form of the data is accurate — the following 
general conclusions, in three pairs, corresponding with the three 
gradients : — 

miles per hoar. lb. per ton. 

When velocity is 50 — 2 Resistance equals 1 g 2 


miles per hour. 

1 50-2 

Resistance equals 

54-8 

exceeds 

55 

equals 

43 

less than 

36 

less than 

37 

less than 


These results agree very well with those obtained in 1846, by 
Mr. W. Harding, by the dynamometer, on the South Eastern nar- 
row-gauge railway, and reported in his paper presented to the 
Institution of Civil Engineers : — 

miles per hour. lb. per ton. 

Velocity 29 Resistance 16-5 

37 183 

45 21*7 

46 21*3 

To complete the comparison, we select those of the experiments 
of the British Association which were made at velocities above 
30 miles an hour, on inclined planes on narrow-gauge lines : — 

miles per hour. lb. per tou. 

Velocity 31 Resistance 23*4 

34 23 4 

37 25 

32 22*5 

It is to be observed, that these rates of resistance considerably 
exceed the former. 


We do not bring into the comparison the experiments of tho 
Gauge Commission, in which the resistance is derived from the con- 
sumption of water by such an arbitrary and dangerous process, that 
we feeljustified in rejecting that evidence entirely. Neither can 
Mr. Wyndham Harding's experiments on the Croydon Atmo- 
spheric Railway, by the difference of barometric pressures, be ad- 
mitted into the comparison. His case for the rapid increase of re- 
sistance with increase of speed , rests almost entirely on these experi- 
ments, and therefore, as we think, on an insufficient foundation. 

The following results are obtained from several distinct experi- 
ments : — 


miles per hour. 

lb. per ton. 

Velocity 61 

Resistance 52*6 

53 

41*7 

55 

36 

50 

32*9 

47 

33*7 


In the first place, the results obtained by the barometer are in- 
consistent with themselves : the resistance at 55 miles an hour is 
fifteen per cent, more than at a less velocity of 53 miles. The only 
experiment at upwards of 60 miles an hour, shows an increase of 
resistance so disproportionate, as naturally to induce suspicion ; — 
at all events, a single result, so inconsistent with all previous ob- 
servation, ought not of itself to be sufficient evidence of a 
general law. Moreover, this very experiment was conducted 
under circumstances most unfavourable to a general conclusion. 
The distance traversed was 34 miles, the time of transit four 
minutes and a half, and the recorded velocity fluctuated from 32 to 
61 miles. And yet this single trial is the mainstay of the theory 
of high resistances at high velocities ! We have already shown 
the great effect of the inertia of trains at high velocities, and the 
extreme uncertainty of any conclusions from the apparent uni- 
formity of motion; — that the uniformity is apparent only and 
not absolutely certain, the brief duration of the experiment and 
its great fluctuations are sufficient testimony. 

It is important to observe, in confirmation of this view of the 
subject, that the barometric method of calculating resistances, 
always gives results which, as far as they can be compared, ex- 
ceed those obtained by any other method. 

On the whole, we are inclined to an opinion, from the insuffi- 
cient evidence before us, that the resistance does not increase so 
much with the velocity as has sometimes been contended; and 
that the resistances per ton, do not differ widely on the broad and 
narrow gauge. The advantage, if any, belongs to the former; 
principally, we imagine, on account of the comparative smoothness 
of motion over longitudinal sleepers. There can be no reasonable 
doubt, that comparing the longitudinal and transverse sleepers, 
when both are in perfect order, tne former, by giving more perfect 
support to the rails, render them less liable to vibration and con- 
cussion. It may be laid down, as a general rule, that whatever 
increases the regularity of motion, diminishes the resistance. One 
of the consequences of this rule is, that the resistance of trains is 
diminished by diminishing their lateral oscillation. On this sub- 
ject we have not space to speak at length; it is sufficient to 
observe, that the tendency to oscillate depends on what is known 
in mathematics as the radius of gyration , and is therefore di- 
minished by diminishing the weight projecting beyond the wheels 
outside, and by reducing the proportion of the height of the 
centre of gravity to the distance between the points of support. 

[Abbreviated from the 44 Morning Herald”] 

We return to the consideration of this interesting and important practical 
railway investigation. As we have previously stated, the question of the 
44 resistances to railway trains at certain velocities/’ is not a mere scientific 
question, but one in which the convenience and accommodation of the 
public are very materially involved. The establishment of the truth of the 
44 formula ” which makes the resistance, at 60 miles per hour, some 40 lb. 
per ton, or 50 per cent, higher than we shall presently show it to be, would 
present a strong economical argument either against express travelling, or 
for the restriction of the accommodation of quick transit to first-class 
passengers at high fares. 

In the observations made by ns a few days since, in reference to the 
extraordinary differences of opinion existing on the subject between practical 
engineers, we noticed the singular fact that while a uniform velocity of not 
more than 36 miles per hour has ever been maintained with narrow-gaoge 
trains, by the force of gravity, down an incline of 1 in 100, a uniform velo- 
city of upwards of 53 miles per hour had been maintained with broad-gauge 
trains by gravity down an equal incline. We then stated that we bad our- 
selves gone done the Box Tunnel incline (1 in 100) at a greater uniform 
velocity than 53 miles per hour. We have since made a series of experi- 
ments down the Wootton Bassett incline, stated to be 1 in 100, but some 
portion of which is 1 in 110 only; and down other inclines on the Bristol 
and Exeter Railway ; and from the details given below, it will be seen that a 
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much greater uniform velocity than S3 miles per hour, even under very 
unfavourable circumstance s, can be obtained down 1 in 100, by gravity $ and 
that consequently the foundation on which many railway engineers have 
rested the very pillar of their theory of high rates of resistance at high velo- 
cities, is utterly without substantiality, — that, indeed, it is a mere fallacy, 
which will hereafter be numbered amongst the delusions and visions of 
practical men. 

The whole of the following experiments were made with ordinary working 
trains, and the object was not to collect minute data from which any 
scientific results might be deduced, but simply to prove — exclusive of the 
results of experiments made by either broad or narrow gauge engineers — 
that what has long been considered an “ established fact” in reference 
to the resistance to railway trains descending inclined planes by force of 
gravity, is a mere 11 circumstance,” which, although applicable to narrow, 
gauge trains, is utterly inapplicable to broad-gauge trains. The diversities 
in the rates of speed shown in the workings given below arose, no 
donbt, from a great variety of causes. Nearly the whole of the portions 
of the line over which the experiments were made consists of a series 
of curves, and of cuttings and embankments. The carriages were of 
different weights, and may occasionally have been well or badly coupled. 
One day the weather was calm, the next it was unsettled ; in some of the 
experiments there was a slight head wind, in others a moderate side wind 
from the right, or a moderate side wind from the left prevailed, and during 
three of the experiments there was a brisk side wind. The speed, too, at 
which the trains were running when the steam was shut off would, in rela- 
tion to the weights of the carriages, as well as to the direction of the wind, 
enter into the causes of these diversities of speed. We shall, however, not 
hazard a single opinion on these matters, but confine ourselves to demon, 
atrations that the 44 formula” of high resistances at high velocities is worth- 
less in respect of the resistance sdue to broad-gauge trains descending inclined 
planes by their own gravity. 

In the experiments made down the Wootton Bassett incline with the 
dynamometer carriage, constructed under the directions of Mr. Brunei, the 
carriages were weighed to 10 tons each. In no one of the experiments given 
below, which were made with the ordinary passenger trains, did any of the 
carriages amount to this weight — that is, they were not full of passengers. 
The engines employed belong to an old class, and weigh, road-worthy, about 
23 or 24 tons. 

It has been objected against the experiments made down the Wootton 
Bassett incline with the dynamometer carriage, that the distance over which a 
uniform or increasing velocity was attained, viz., 10 or ll-16ths of a mile, is 
too short to produce a useful practical result. To meet this objection we 
took the rates of speed not only down the mile and one-eighth of the fall of 
1 in 100, but down the next seven-eighths* of a mile, which are on a fall of 
1 in 660 only. The fall of 1 in 100 commences a few chains beyond the 
85th mile-post, and terminates a few furlongsf beyond the 86Jth mile-post. 
Thence to the 86}th mile-post, the fall is 1 in 660. 

The first experiment was made with a train consisting of four passenger- 
carriages, three horse-boxes, and one luggage van, weighing about 60 tons. 
The engine was the 44 Orion.” The table gives the working for the quarter 
mile immediately preceding the 85th mile-post, as well as from the 85th to 
the 86}th mile-post. The rails were dry, and very little wind was stirring. 

It will be seen that the speed for upwards of half-a-mile down 1 in 660 is 
very liitle below the uniform velocity down nearly three-quarters of a mite 
of 1 in 100. We merely record the fact, leaving those who have more time 
at their command than we have ourselves to explain or suggest the causes. 

Tbe second trip was with a train of four passenger-carriages and a horse- 
box, weighing about 41 or 42 tons, and was attached to the 44 Mars” engine 
— rails dry and weather calm. 

The third trip was with the same engine, with three passenger-carriages, 
one luggage-vao, and two horse-boxes, weighing about 45 or 46 tons. 

The/ourM experiment was made with the 44 Firebrand” engine. The 
train consisted of three passenger-carriages and a luggage-van, weighing 
about 36 tons. The carriages were well filled with passengers. 

The fifth experiment was with the 44 Orion,” with four passenger-carriages, 
three horse-boxes, and a luggage-van, weighing about 59 or 60 tons. The 
steam was not shut off in this case until the engine was within a few chains 
of the 85*th mile-post. 

The sixth experiment was with the “ Load Star.” The train consisted of 
four passenger-carriages and a luggage-van, weighing about 41 or 42 tons. 
A. brisk side wind was blowing. It will be observed that the rates of speed 
alternate over the whole extent of the 2} miles. 

The seventh trip was with the “ Arab,” with a train consisting of three 
passenger-carriages and a luggage- van, weight about 38 or 40 tons — carriages 
well filled. In this trip we obtained the greatest uniform velocity — rails 
dry ; weather calm. 

The eighth experiment was with the “ Bellona,” with four passenger- 
carriages and a luggage- van, weighing about 41 or 42 tons. 

A brisk side wind prevailed on this occasion, and the same result was 
produced as in the previous experiment, where a side wind affected the 
train, viz., alternating rates of speed. 

The ninth experiment was with the 14 Firebrand,” with a train of four 
carriages and a luggage-van, weighing about 45 or 46 tons — rails dry ; slight 
side wind. 


* Qy. seven-sixteenths. t Qy. chains. 


90* 


The tenth experiment was upon the Bristol and Exeter line from the 1 74th 
to the 176£th mile-post. This portion of tbe line is on a fall of 45*75 feet 
per mile, or about 1 in 120. The engine employed was tbe 44 Load Star,” 
and the train consisted of four passenger-carriages and a luggage-van, weight 
about 41 or 42 tons. The descent was commenced at a speed of about 36 
miles pei hour — rails dry, and slight head wind. 

In this experiment the velocity down an incline, less by 20 feet per mile 
than that down which tbe narrow-gauge trains have never yet maintained a 
uniform velocity of more than 36 miles per hour, increased from 36*3 to 42 4 
or 6*1 miles per hour. And yet we have little doubt we shall still find 
practical men contending for the high rates of resistances which some of the 
narrow-gauge party pertinaciously assume to be due to alt railway trains 
travelling at high velocities. 

The eleventh experiment was from the 172] to the 170} — viz., two miles. 
The engine employed was the 44 Saturn,” and the train consisted of five pas- 
senger-carriages and a luggage-van, weighing about 56 or 57 tons. For 
about two-thirds of a mile the fall is 1 in 82 ; this is followed by a fall of 
about 6 chains of 1 in 90, and another fall of about 7 or 8 chains of 1 in 82. 
The rest of the distance is on a fall of 1 in 90. The average velocity of the 
train through the White Ball Tunnel, 49 chains in length, and which imme- 
diately precedes the inclines over which we took the working of the train, 
was 42*5 miles per hour. It will be seen that this speed was increased to 
50 miles an hour at the 170}th mile-post. 

The twelfth experiment was a second run down the 1 in 120, between the 
174th to the 176}th mile-post. The engine employed was the “Firebrand,” 
and the train consisted of four carriages and a luggage-van, weighing about 
44 or 45 tons — rails dry, and moderate side wind. 

The thirteenth and last experiment was with the 44 Milo,” and a train of 
three passenger-carriages and a luggage-van. Weight, about 34 or 35 tons. 
A brisk side wide prevailed. 

In this experiment the steam was shut off at the 172} mile-post, which is 
in the White Ball Tunnel. 


Tables of Experiments . 


Gra- 

dient. 

Mile 

Poets. 

Velocity in Miles per Hour. 

1st 

Expe- 

rimnt. 

2nd 

Expe- 

rimnt 

3rd 
Ex pe- 
rl mnt 

4th 

Expe- 

rlmnt 

5th 

Expe- 

rimnt 

6th 

Expe- 

rimnt 

7th 

Expe- 

rlmnt 

8th 

Expe- 

rlmnt 

9th 

Expe- 

rimnt 



8 >| 

1*8*1 

50 

52*2 

64*5 

51*4 

663 

58 1 

563 

563 



86 

60 

50 

53*7 

545 

61*4 

68*1 

68*1 

56*3 

545 



85* 

58* 1 

50 

507 

51*4 

52*9 

*7*1 

57*1 

637 

545 



85$ 

59 

52 2 

54*5 

529 

522 

66*3 

69 

56*4 

52*9 



85* 

64*5 

507 

62*2 

51*4 

537 

629 

57*1 

52 9 

507 



86 

545 

507 

622 

51*4 

52*9 

537 

67*1 

637 

507 



86* 

545 

507 

522 

51*4 

62*9 

699 

57*1 

62 9 

507 


86$ 

53*7 

507 

51*4 

51*4 

52*2 

545 

563 

537 

50 7 

Abo | 

«6* 

52*9 

50 

50 

51*4 

52 2 

62*9 

563 

537 

50 


Gra- 

dient. 

Mi’e 

Posts. 

Velocity in Miles 
p«r Hour. 

Gra- 

dient. 

Mile 

Poets. 

Velocity lo Miles 
per Hoar. 

Uth 

Experi- 

ment 

13th 

Experi- 

ment 

10th 

Experi- 

ment 

12th 
Experi- 
ment ... 

r 

172* 

43*9 

654 



174* 

368 

375 


172* 

445 

55*4 



174$ 

383 

37*9 


172 

46 

66*3 



174 

38*3 

37*9 







175 

396 

38*3 

f 

17H 

46*2 

65*4 

Tin * 


175* 

40 

383 


171$ 

47*4 

64*6 



176$ 

40*9 

39 1 


171* 

48*6 

663 



175} 

41*4 

38 7 

i 

171 
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REVIEWS. 


Account of the Skerryvore Lighthouse, with notes on the Illumination 
of Lighthouses . By Alan Stevenson, LL.B., F.R.S.E., M.I.C.E., 
Engineer to the Northern Lighthouse Board. Edinburgh : Adam 
and Charles Black, 1848. 

[second notice.] 

What Mr. Stevenson calls “ Notes on the Illumination of Light- 
houses,” may more rightly be called another work, and one not less 
important nor valuable than the account of the Skerryvore Light- 
house. Indeed, he calls the former Part II. He Begins it by 
a short history of lighthouses, in which he shows a great deal of 
learning ; and as by the former part every one will see that he is 
a hard-working man, so by this they will see that a man may be 
able to understand Homer in Greek, and yet be a good engineer. 
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We think both of those are wrong, those who wish to make the 
engineer a man of book-learning only, and those who want to 
make him a boor under the name of a working-man. Brunei, 
Robert Stephenson, Locke, the Rennies, Walker, and many more, 
have shown that to be a great engineer, and to make great works, 
there is no harm in a man being well-taught. We would always 

f iut the two together if we could, — we would have the man of 
earning and the working-man. 

Mr. Stevenson's way of commenting on the classics is rather a 
new one,--rather unlike the Byzantine school, Scaliger, and the 
Revival critics, or the great High Dutch lights of this day. Some 
of these who went before Mr. Stevenson have put forth the 
bold thought, that the Cyclops were the keepers of lighthouses ; 
•ome bolder still, that by the Cyclops was shadowed forth the 
lighthouse itself. Mr. Stevenson s answer is, that in the ninth 
book of the Odyssey, and at the 146th line, Homer tells us that in 
the darkness of the night, the fleet of Ulysses went ashore on the 
Cyclopean island. Mr. Stevenson looks at it with a workman's 
eye, and he says if there had been a lighthouse, the ships would 
not have struck in the dark. The words he brings forward show 
that it was pitch dark, and give no hint of a lighthouse ; and 
therefore we think Mr. Stevenson right, in the teeth of the com- 
mentators. He has not, however, taken the trouble to set his Greek 
into English, so that his working readers may understand it. 

What Mr. Stevenson says of the lighthouses of our days is the 
more worthy of being read, as he has seen many of them himself, 
and looked at them with the eye of a master. 

Speaking upon lighting, Mr. Stevenson says, that down to a very 
late time, the only way was to burn wood or coal in chafing dishes 
on the tops of high towers or hills. Many now living know that 
the Isle of May light was of that kind, before it came under the 
care of the Board of Northern Lights in 1786 . For forty years 
after the time of Smeaton, the fine tower of the Eddystone was 
lighted only with tallow candles. These lights were therefore 
very weak, and there were no means of knowing one light from 
another, so that the seaman might shape his way. Even now, it 
too often happens that seamen mistake lights, and by going 
inside, instead of outside or otherwise, they go aground and are 
wrecked. The old lighthouses were of little more good than to 
give warning that land was near ; so that ships might, if they 
could, lie by or put out to sea until daylight. 

Mr Stevenson now speaks of flame. He says : — 

“ Solid substances which remain so throughout their combustion, are only 
luminous at their own surface, and exhibit phenomena, such as the dull red 
heat of iron, or of most kinds of pit-coal, and are therefore more suited for 
the purpose of producing heat than light. Bat by using substances which 
are formed into inflammable vapours, at a temperature below that which is 
required for the ignition of the substances themselves, gas is obtained and 
/lame is produced. Much light is thus evolved at a comparatively low tem- 
perature. The gas necessarily rises above the combustible substance from 
which it is evolved, owing to its being formed at a temperature considerably 
higher than that of the surrounding air, than which it is necessarily rarer. 
Of this description are the flames obtained by the burning of the various oils, 
which are generally employed in the illumination of lighthouses. In the 
combustion of oil, wicks of some fibrous substance, such as cotton, are used, 
into which the oil ascends by capillary action, and being supplied in very 
thin films, is easily volatilized into vapour or gas by the heat of the burning 
wick. The gas of pit-coal has been occasionally used in lighthouses ; it is 
conveyed in tubes to the burners, in the same manner as when employed for 
domestic purposes. There are certain advantages, more especially in dioptric 
lights, where there is only one large central flame, which would render the 
use of gas desirable. The form of the flame, which is an object of consider- 
able importance, would thus be rendered less variable, and could be more 
easily regulated, and the inconvenience of the clock-work of the lamp would 
be wholly avoided. But it is obvious, that gas is by no means suitable for 
the majority of lighthouses, their distant situation and generally difficult 
access rendering the transport of large quantities of coal expensive and uncer- 
tain ; whilst in many of them there is no means of erecting the apparatus ne- 
cessary for manufacturing gas. There are other considerations which must 
induce us to pause before adopting gas as the fuel of lighthouses ; for, 
however much the risk of accident may be diminished in the present day, it 
still forms a question, which ought not to be hastily decided, how far we 
should be justified in running even the most remote risk of explosion in 
establishments such as lighthouses, whose sudden failure might involve con- 
sequences of the most fatal description, and whose situation is often such, 
that their re-establishment must be a work of great expense and time. Gas 
is. besides, far from being suitable in catoptric lights, to which, in many 
cases (especially when the frame is moveable, as in revolving lights), it could 
not be easily applied. The oil most generally employed in the lighthouses 
of England is the sperm oil of commerce, which is obtained from the South 
Sea whale ( Physeter macrooephahu ). In France, the colza oil, which is 
expressed from the seed of a species of wild cabbage (Bramca oleracea colza), 


fJULY f 


and the olive oil are chiefly used ; and a species of the former has lately been 
successfully introduced into the lighthouses of Great Britain.” 


Sperm oil is that which has been hitherto most burned ; but 
colza oil will, it is thought, be found much better, and that * 
saving of one-half can be made. It was Mr. Joseph Hume, when 
chairman of a committee of the House of Commons on Light- 
houses, who showed that colza oil was cheaper. Since then, Mr 
Stevenson has tried it, and has told the Northern Lighthouse 
Board that it will give a saving of £ 3,266 yearly ; but since that, 
colza oil is worth more, and Mr. Stevenson is not so strong in his 
feeling about it. ^ 


Kn tne urummona and Voltaic lights, the writer says 

44 The application of the Drummond and Voltaic light* to lighthouse pur- 
pose* is, owing to their prodigious intensity, a very desirable consummation s 
but it is surrounded by so many practical diflfeulties that, in the present 
state of our knowledge, it may safely be pronounced unattainable. The 
uncertainty which attends the exhibition of both these lights, is of itself t 
sufficient reason for coming to this conclusion. But other reasons unhappily 
are not wanting. The smallness of the flame renders them wholly inappli- 
cable to dioptric instruments which require a great body of flame in order to 
produce a degree of divergence sufficient to render the duration of the flash 
in revolving lights long enough to answer the purpose of the mariner. M 
Fresnel made some experiments on the application of the Drummond light to 
dioptric instruments, which completely demonstrate their unfitness for this 
combination. He found that the light obtained by placing it in the focus of 
a great annular lens was much more intense than that produced by the great 
lamp and lens; but the divergence did not exceed 30'; so that, in a revolu- 
tion like that of the Corduan light, the flashes would last only 1* second, 
and would not, therefore, be seen in such a manner as to suit the practical 
purposes of a revolving light. The great cylindric refractor used in fixed 
lights of the first order, was also tried with the Drummond light in its focus* 
but it gave coloured spectra at the top and bottom, and only a small bar of 
white light was transmitted from the centre of the instrument. The same 
deficiency of divergence completely unfits the combination of the Drummond 
light with the reflector for the purposes of a fixed light, and even if this 
cause did not operate against its application in revolving lights on the 
catoptric plan, the supply of the gases, which is attended with almost insur- 
mountable difficulties, would, in any case, render the maintenance of the 
light precarious and uncertain in the last degree. 

The Drummond light is produced by the ignition or combustion of a ball 
of lime (f inch diameter) in the united flames of hydrogen and oxygen gases, 
and is equal to about 264 flames of an ordinary Argand lamp with the best 
spermaceti oil. It derives its name from the late Lieut. Drummond, R. E., 
who first applied it in the focus of a paraboloid for geodetical purposes, and 
P r °P°* ed u for lighthouses. (See his account of the light in 
the Phil. Trans, for 1826, p. 324, and for 1830, p. 383.) The Voltaic light 
is obtained by passing a stream of Voltaic electricity from a powerful battery 
between two charcoal points, the distance between which requires great 
nicety of adjustment, and is the chief circumstance which influence the 
.Utility end the permanency of the light. The Voltaic light greatly exceeds 
the Drummond light in inten.ity, as ascertained by actual comparison of 
their effects ; bat the ratio of their power has not been accurately determined. 
It was first exhibited in the focus of a reflector by Mr. James Gardner 
formerly engaged in the Ordnance Survey of Great Britain.” * 

After speaking of what Argand did, and of the burner he made, 
which was such a great step, Mr. Stevenson comes to the reflector : 


44 The name of the inventor of paraboloidal mirrors and the date of their 
first application to lighthouses, have not been accurately ascertained. The 
earliest notice which I have been able to find, is that by Mr. William 
Hutchinson, the pious and intelligent author of a quarto volume on 4 Practi- 
cal Seamanship’ (published at Liverpool in 1791), who notices fat p. 93} 
the erection of the four lights at Bidstone and Hoyiake, in the year 1763 
and describes large parabolic moulds, fashioned of wood and lined with 
mirror-glass, and smaller ones of polished tin-plate, as in use in those light- 
houses. Mr. Hutchinson seems to have understood the nature, properties 
and defects of the instruments which he describes, and has shown a good 
acquaintance with many of the most important circumstances to be attended 
to in the illumination of lighthouses. Many claims to inventions rest on 
more slender grounds than might be found in Mr. Hutchinson’s book for 
concluding him to have first invented the paraboloidal mirror and applied it 
to use in a lighthouse ; but, in the absence of any statement as to the date 
when the mirrors were really adopted, the merit of the improvement must 
in justice, be awarded to others. 

M. Teulere, a member of the Royal Corps of Engineers of Bridges and 
Roads in France, is, by some, considered the first who hinted at the advan- 
tages of paraboloidal reflectors ; and he is said, in a memoir dated the 26th 
June 1783, to have proposed their combination with Argand lamps, ranged 
on a revolving frame, for the Corduan lighthouse. Whatever foundation 
there may be for the claim of M. Teulere, certain it is that this plan was 
actually carried into effect at Corduan, under the directions of the Chevalier 
Borda; and to him is generally awarded the merit of having conceived the 
idea of applying paraboloidal mirrors to lighthouses. These were most 
important steps in the improvement of lighthouses, as not only the power of 
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the lights was thus greatly increased, but the introduction of a revolving 
frame proved a valuable source of differences in the appearance of lights, 
and, in this way, has since been the means of greatly extending their utility. 
The exact date of the change on the light of the Corduan is not known ; but 
as it was made by Lenoir, the same young artist to whom Borda, about the 
year 1780, entrusted the construction of his reflecting circle, it has been 
conjectured by some that the improvement of the light was made about the 
same time. The reflectors were formed of sheet-copper, plated with silver, 
and had a double ordinate of 31 French inches. It was not long before 
these improvements were adopted in England, by the Trinity House of 
London, who sent a deputation to France to inquire into their nature. In 
Scotland, one of the first acts of the Northern Lights Board in 1786, was to 
substitute reflectors in the room of the coal-light then in use at the Isle of 
May in the Frith of Forth, which, along with the light on the Cambrae Isle 
in the Frith of Clyde, had, till that period, been the only beacons on the 
Scotch coast. The first reflectors employed in Scotland were formed of 
facet* of mirror-glass, placed in hollow paraboloidal moulds of plaster, 
according to the designs of the late Mr. Thomas Smith, the Engineer of the 
Board, who (as appears from the article Reflector , in the Supplement to the 
third edition of the * Encyclopaedia Britannica') was not aware of what had 
been done in France, and had himself conceived the idea of this combination. 
The same system was also adopted in Ireland ; and in time, variously modi- 
fied, it became general wherever lighthouses are known.” 

The reflectors used iu the best lighthouses are made, says the 
writer, 

“ Of sheet-copper plated in the proportion of six ounces of silver to 
sixteen ounces of copper. They are moulded to the paraboloidal form, by a 
delicate and laborious process of beating with mallets and hammers of various 
forms and materials, and are frequently tested during the operation by the 
application of a mould carefully formed. After being brought to the curve, 
they are stiffened round the edge by means of a strong bizzle, and a strap of 
brass which is attached to it for the purpose of preventing an accidental 
alteration of the figure of the reflector. Polishing powders are then applied, 
and the instrument receives its last finish.” 

** The flame generally used in reflectors, is from an Argand fountain- lamp, 
whose wick is an inch in diameter. Much care is bestowed upon the manu- 
facture of the lamps for the Northern lighthouses, which sometimes have 
tlieir burners tipped with silver to prevent wasting by the great heat which 
is evolved. The burners are also fitted with a sliding apparatus, accurately 
formed, by which they may be removed from the interior of the mirror at 
the time of cleaning them, and returned exactlv to the same place, and 
j ocked by . means of a key. This arrangement, as shown in figs. 1 and 2, 



Fig. 2. Fig. 1. 

"is very important, as it insures the burner always being in the focus, and 
does not require that the reflector be lifted out of its place every time it is 
cleaned ; so that, when once carefully set and screwed down to the frame, it 
is never altered.” 

It will please our readers very much to find in Mr. Stevenson's 
book, the many clever tools which are used, and care which is 
taken to make the lamps and lights as good as may be. He has 
written a good deal about feeding the lamps with oil, and indeed 
everywhere he has shown that ne is master of his work, even in 
the smallest things. It was said of the Duke of Wellington, that 
even to the horses' shoes he knew everything in his army, and that 
he thought nothing beneath him which had to do with the welfare 
of his men : and so should it be with the engineer ; and this is the 
way in which he can truly become a working-man. Mr. Stevenson 
may not perhaps have put on a fustian coat, nor spent his time in 
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filing, rasping, and fitting ; but an engineer may be a working-man 
without that. 

Lights are found by seamen so useful, that they are always 
calling out for more ; but when put up, it becomes very trouble* 
some to know one from another. A light ought to make known to 
the benighted mariner the land he has made, as the sight of a hill 
or tower would have shown him in the day ; therefore, it becomes 
needful that each should be readily known, so as not to be 
mistaken. 

“ Catoptric lights are susceptible of nine separate distinctions, which are 
called fixed, revolving white , revolving red and white , revolving red with two 
whites , revolving white with two reds, flashing , intermittent, double fixed 
lights, and double revolving white lights . The first exhibits a steady and 
uniform appearance, which is not subject to any change ; and the reflectors 
used for it (as already noticed) are of smaller dimensions than those employed 
in revolving lights. This is necessary in order to permit them to be ranged 
round the circular frame, with their axes inclined at such an angle, as shall 
enable them to illuminate every point of the horizon. The revolving light 
is produced by the revolution of a frame with three or four sides, having 
reflectors of a larger size grouped on each side, with their axes parallel ; 
and as the revolution exhibits once in two minutes, or once in a minute, at 
may be required, a light gradually increasing to full strength , and in the 
same gradual manner decreasing to total darkness, its appearance ia extremely 
well marked. The succession of red and white lights is caused by the revo- 
lution of a frame whose different sides present red and white lights ; and 
these, as already mentioned, afford three separate distinctions, namely, alter- 
nate red and white ; the succession of two white lights after one red, and 
the succession of two red lights after one white light. The flashing light it 
produced in the same manner as the revolving light ; but owing to a different 
construction of the frame, the reflectors on each of eight tides are arranged 
with their rims or faces in one vertical plane, and their axes in a line inclined 
to the perpendicular, a disposition of the mirrors which, together with the 
greater quickness of the revolution, which shows a flash once in five seconds 
of time, produces a very striking effect, totally different from that of a 
revolving light, and presenting the appearance of the flash alternately rising 
and sinking. The brightest and darkest periods being but momentary, this 
light is farther characterised by a rapid succession of bright flashes, from 
which it gets its name. The intermittent light is distinguished by bursting 
suddenly into view and continuing steady for a short time, after which it is 
suddenly eclipsed for half a minute. Its striking appearance is produced by 
the perpendicular motion of circular shades in front of the reflectors, by 
which the light is alternately hid and displayed. This distinction, as well 
as that called the flashing tight, is peculiar to the Scotch coast, having been 
first introduced by the late Engineer of the Northern Lights Board. Tha 
double lights (which are seldom used except where there is a necessity for a 
leading line, as a guide for taking some channel or avoiding some danger) 
are generally exhibited from two towers, one of which is higher than the 
other. At the Calf of Man, a striking variety has been introduced into the 
character of leading lights, by substituting, for two fixed lights, two lights 
which revolve in the same periods, and exhibit their flashes at the same 
instant ; and these lights are, of course, susceptible of the other variety 
enumerated above, that of two revolving red and white lights, or flashing 
lights, coming into view at equal intervals of time. The utility of all these 
distinctions is to be valued with reference to their property of at once 
striking the eye of an observer, and being instantaneously obvious to 
strangers.” 

Although colour is needful, it is in itself a very great evil, fur 
the coloured screens stop much of the light. Several colours have 
been tried, but red, blue, and green have alone been found useful ; 
and the two latter onlv at such short lengths, that they are alto- 
gether unfit for sea-lights. Even the red lights take up from four- 
sevenths to five-sixths of the whole light, which is a very great 
loss ; and the deeper the red, the greater tne loss of light, — while 
the less red there is, the less can it be seen by the seaman. Red 
lights ought, therefore, to be used as little as may be. In Scotland, 
instead of a red screen or disc, a chimney of red glass is used. 

We now come to the use of lenses, upon which the writer says : — 

41 One of the earliest notices of the application of lenses to lighthouses la 
that recorded by Smeaton in his 4 Narrative of the Eddystone Lighthouse/ 
where he mentions a London optician, who, in 1759, proposed grinding the 
glass of the lantern to a radius of seven feet six inches ; but the description 
is too vague to admit of even a conjecture regarding the proposed arrange- 
ment of the apparatus. About the middle of the last century, however, 
lenses were actually tried iu several lighthouses in the south of England, and 
in particular at the Sooth Foreland in the year 1752; hot their imperfect 
figure and the quantity of light absorbed by the glass, which was of impure 
quality and of considerable thickness, rendered their effect so much inferior 
to that of the parabolic reflectors then in nse, that after trying some strange 
combinations of lenses and reflectors, the former were finally abandoned. 
Lenses were also tried at the lights of Portland, Hill of Howth, and Water- 
ford, by Mr. Thomas Rogers, a glass manufacturer in London ; who possessed, 
it is said, the art of blowing mirrors of glass, * and by a new method silvered 
over the convex side without quicksilver/ 

44 The merit of having first suggested the building of lenses in separata 
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pieces, seems to be due to Condorcet, who in his Blogs de Buff on % published 
so fsr back as 1773, enumerates the advantages to be derived from this 
method. Sir David Brewster also described this mode of building lenses in 
4811, in the Edinburgh Encyclopedia ; and in 1822, the late eminent 
Fresnel, unacquainted with the suggestions of Condorcet or the description 
by Sir David Brewster, explained, with many ingenious and interesting 
details, the same mode of constructing those instruments. To Fresnel 
belongs the additional merit of having first followed up his invention, by the 
construction of a lens and, in conjunction with MM. Arago and Mathieu, of 
placing a powerful lamp in its focus, and indeed of finally applying it to the 
practical purposes of a lighthouse.” 

To show Fresnel's system fully would take more room than we 
can give, and many wood-cuts, and we are sorry that we must leave 
it alone, and send our readers to Mr. Stevenson's book, where 
everything is given in full, — Fresnel’s brother having put his 
papers in Mr. Stevenson's hands. 

One of Mr. Stevenson's own works was with the Isle of May 
light. 

' 14 Having been directed by the commissioners of the Northern lighthouses 
to convert the fixed catoptric light of the Isle of May, into a dioptric light 
of the first order, I proposed that an attempt should be made to form a true 
cylindric, instead of a polygonal belt for the refracting part of the apparatus ; 
and this task was successfully completed by Messrs. Cookson of Newcastle 
in the year 1836. The disadvantage of the polygon lies in the excess of the 
radius of the circumscribing circle over that of the inscribed circle, which 
occasions an unequal distribution of light between its angles and the centre 
of each of its sides ; and this fault can only be fully remedied by constructing 
a cylindric belt whose generating line is the middle mixtilinear section of an 
annular lens, revolving about a vertical axis passing through its principal 
focus. This is, in fact, the only form which can possibly produce an equal 
diffusion of the incident light over every part of the horizon. 

44 1 at first imagined that the whole hoop of refractors might be built 
between two metallic rings, connecting them to each other solely by the 
means employed in cementing the pieces of the annular lenses ; but a little 
consideration convinced me that this construction would make it necessary 
to build the zone at the lighthouse itself, and would thus greatly increase 
the risk of fracture. I was therefore reluctantly induced to divide the whole 
cylinder into ten arcs, each of which being set in a metallic frame, might be 
capable of being moved separately. The chance of any error in the figure of 
the instrument has thus a probability of being confined within narrower 
limits ; whilst the rectification of any defective part becomes at the same 
time more easy. One other variation from the mode of construction at first 
contemplated for the Isle of May refractors, was forced upon me by the 
repeated failnres which occurred in attempting to form the middle zone in 
one piece ; and it was at length found necessary to divide this belt by a line 
passing through the horizontal plane of the focus. Such a division of the 
central zone, however, was not attended with any appreciable loss of light, 
as the entire coincidence of the junction of the two pieces with the horizontal 
plane of the focus, confines the interception of the light to the fine joint at 
which they are cemented. With the exception of those trifling changes, the 
idea at first entertained of the construction of the instrument was fully 
realised at the manufactory of Messrs. Cookson.” 

Speaking of Fresnel’s lamp, used in the French lighthouses, Mr. 
Stevenson writes : — 

44 The only risk in using this lamp arises from the liability to occasional 
derangements of its leathern valves that foice the oil by means of clockwork ; 
and several of the lights on the French coast, and more especially the 
Corduan, have been extinguished by the failure of the lamp for a few minutes, 
an accident which has never happened, and scarcely can occur with the 
fountain lamps which illuminate the reflectors. To prevent the occurrence 
of such accidents, and to render their consequences less serious, various pre- 
cautions have been resorted to. Amongst others, an alarum is attached to 
the lamp, consisting of a small cop pierced in the bottom, which receives 
part of the overflowing oil from the wicks, and is capable, when full, of 
balancing a weight placed at the opposite end of a lever. The moment the 
machinery stops, the cup ceases to receive the supply of oil, and, the remainder 
running out at the bottom, the equilibrium of the lever is destroyed, so that 
it falls and disengages a spring which rings a bell sufficiently loud to waken 
the keeper should he chance to be asleep. It may justly be questioned whether 
this alarum would not prove a temptation to the keepers to relax in their 
watchfulness and fall asleep ; and I have, in all the lamps of the dioptric 
lights on the Scotch coast, adopted the converse mode of causing the bell to 
cease when the clockwork stops. There is another precaution of more im- 
portance, which consists of having always at hand in the light-room a spare 
lamp, trimmed and adjusted to the height for the focus, which may be sub- 
stituted for the other in case of accident.” 

In the French lights, “ these distinctions depend upon the periods of 
revolution, rather than upon the characteristic appearance of the light ; and 
therefore seem less calculated to strike the eye of a seaman, than those 
employed on the coasts of Great Britain and Ireland. In conformity 
with this system, and in consideration of the great loss of light which 
results from the application of coloured media, all distinctions based upon 
colour have been discarded in French lights. 

“The distinctions are, in fact, only four in number, viz.: fixed ; fixed 
varied by flashes; revolving, with flashes once a minute ; and revolving 
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with flashes every half minute. To those might be added, revolving, with 
bright periods once in two minutes, and perhaps flashing once in Jive 
seconds (as introduced by me at the Little Ross, but I cannot say with 
such complete success as would induce me to recommend its general adop- 
tion). My own experience would also lead me to reject the distinction 
called 4 fixed, varied by flashes/ which I do not consider as possessing a 
marked or efficient character.” 

For putting lights on a shore, Mr. Stevenson lavs down a few 
laws for the engineer, which will be found very useful for those of 
our readers who may have to build lighthouses in our settlements 
abroad: — 

44 1. The most prominent points of a line of coast, or those first made on 
over-sea voyages, should be first lighted ; and the most powerful lights 
should be adapted to ibem, so that they may be discovered by the mariner 
as long as possible before his reaching land. 

2. So far as is consistent with a due attention to distinction, revolving 
lights of some description, which are necessarily more powerful than fixed 
lights, should be employed at the outposts on a line of coast. 

3. Lights of precisely identical character and appearance should not, if 
possible, occur within a less distance than 100 miles of each other on the 
same line of coast, which is made by over-sea vessels. 

4. In all cases, the distinction of colour should never be adopted except 
from absolute necessity. 

5. Fixed lights and others of less power, may be more readily adopted 
in narrow seas, because the range of the lights in such situations is gene- 
rally less than that of open sea-lights. 

6. In narrow seas also, the distance between lights of the same appear- 
ance may often be safely reduced within much lower limits than is de- 
sirable for the greater sea-light ; and there are many instances in which 
the distance separating lights of the same character need not exceed 50 
miles, and there are peculiar cases in which even a much less separation 
between similar lights may be sufficient. 

7. Lights intended to guard vessels from reefs, shoals, or other dangers, 
should in every case be placed, where practicable, to the seaward of the 
danger itself, as it is desirable that seamen be enabled to make the lights 
with confidence. 

8. Views of economy in the first cost of a lighthouse should never be 
permitted to interfere with placing it in the best possible position; and, 
when funds are deficient, it will generally be found that the wisest course 
is to delay the work until a sum shall have been obtained sufficient for the 
erection of the lighthouse on the best site. 

0. The elevation of the lantern above the sea should not, if possible, for 
sea-lights, exceed 200 feet ; and about 150 feet is sufficient, under almost 
any circumstances, to give the range which is required. Lights placed 
on high headlands are subject frequently to be wrapped in fog, and are 
often thereby rendered useless, at times when lights on a lower level might 
be perfectly efficient. But this rule must not, and indeed cannot, be 
strictly followed, especially on the British coast, where there are so many 
projecting cliffs, which, while' they subject the lights placed on them to 
occasional obstruction by fog, would also entirely and permanently hide 
from view lights placed on the lower land adjoining them. In such cases, 
all that can be done is carefully to weigh all the circumstances of the lo- 
cality, and choose that site for the lighthouse which seems to afford the 
greatest balance of advantage to navigation. As might be expected, in 
questions of this kind, the opinions of the most experienced persons are 
often very conflicting, according to the value which is set on the various 
elements which enter into the inquiry. 

10. The best position for a sea-light ought rarely to be neglected for the 
sake of some neighbouring port, however important or influential ; and the 
interests of navigation, as well as the true welfare of the port itself, will 
generally be much better served by placing the sea-ligbt where it ought to 6e, 
and addiog, on a smaller scale, such subsidiary lights as the channel 
leading to the entrance of the port may require. 

11. It may be held as a general maxim, that the fewer lights that can 
be employed in the illumination of a coast the better, not only on the score 
of economy, but also of real efficiency. Every light needlessly erected 
may, in certain circumstances, become a source of confusioo to the 
mariner, and, in the event of another light being required in the neigh- 
bourhood, it becomes a deduction from the means of distinguishing it from 
the lights which existed previous to its establishment. By the needless 
erection of a new lighthouse, therefore, we not only expend public treasure, 
but waste the means of distinction among the neighbouring lights. 

12. Distinctions of lights, founded upon the minute estimation of inter- 
vals of time between flashes, and especially on the measurement of the 
duration of light aod dark periods, are less satisfactory to the great ma- 
jority of coasting seamen, and are more liable to derangement by atmo- 
spheric changes, than those distinctions which are founded on wbat may 
more properly be called the characteristic appearance of the lights, in 
which the times for the recurrence of certain appearances differ so widely 
from each other as not to require for their detection any very minute ob- 
servation in a stormy night. Thus, for example, flashing lights of five 
seconds interval, and revolving lights of half a minute, one minute, and 
two minutes, are much more characteristic than those which are distin- 
guished from each other by intervals varying according to a slower series 
of 5”, 10", 20”, 40", &c. 

13. Harbour and local lights, which have a circumscribed range, should 
generally be fixed instead of revolving; and may often, for the same 
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reason, be safely distinguished by coloured media. In many cases also, 
where the purpose of guiding into a narrow channel is to be gained, the 
leading lights which are used, should, at the same time, be so arranged as 
to serve for a distinction from any neighbouring lights. 

14. Floating tights, which are very expensive and more or less uncer- 
tain from their liability to drift from their mooring, as well as defective in 
power, should never be employed to indicate a turning point in a naviga- 
tion io any situation where the conjunction of tights oo the shore can be 
applied at any reasonable expense/’ 

The building of the lantern is a work of great care, and in 
which our writer has very cleverly made an improvement : — 

M A considerable practical defect io all (he lighthouse lanterns which I 
have ever seen, with the exception of those recently constructed for the 
Scotch lighthouses, consists in the vertical direction of the astragals, 
which, of course, tend to intercept the whole or a great part of the light in 
tfll asimuth which they subtend. The consideration of the improvement 
which I had effected io giving a diagonal direction to the joints of the 
fixed refractors, first led me to adopt a diagonal arrangement of the frame- 
work which carries the cupola of zones, and afterwards for the astragals 
of the lantern. Not only is this direction of the astragals more advan- 
tageous for equalising the effect of the tight ; but the greater stiffness and 
strength which this arrangement gives to the frame-work of the lantern 
make it safe to use more slender bars, and thus also absolutely lees tight is 
intercepted. The panes of glass at the same time become triangular, and 
are necessarily stronger than rectangular panes of equal surface. This 
form of lantern is extremely tight and elegant. To avoid the necessity of 
painting, which, in situations so exposed as those which lighthouses gene- 
rally occupy, is attended with many inconveniences and no small risk, the 
framework of the lantern is now formed of gun-metal and the dome is of 
copper; so that a first-order lantern of 12 feet diameter and 10 feet height 
of glass costs, when glazed, about £1260. In order to give the light- 
keepers free access to cleanse and wash the upper panes of the lantern (an 
operation which in snowy weather most sometimes be frequently repeated 
during the night), a narrow gangway, on which they may safely stand, is 
placed on the level of the top of the lower panes, and at the top of the 
second panes, rings are provided of which the lightkeepers may lay bold 
for secority in stormy weather. A tight trap-ladder is also attached to 
the outside of the lantern, by means of which there is an easy access to the 
veotilator oo the dome. 

Great care is bestowed on the glazing of the lantern, in order that it may 
be quite impervious to water, even during the heaviest gales. When iron 
is used for the frames, they are carefully and frequently painted ; but gun- 
metal, as just noticed, is now generally used in the Scotch lighthouses. 
There is great risk of the glass plates being broken by the shaking of the 
lantern during high winds; and as much as possible to prevent this, 
various precautions are adopted. The arris of each plate is always care- 
fully rounded by grinding; and grooves about half an inch wide, capable 
of holding a good thickness of putty, are provided in the astragals for re- 
oeiviog the glass, which is a quarter of an inch thick. Small pieces of lead 
or wood are inserted between the frames and the plates of glass against 
which they may press, and by which they are completely separated from 
the more unyielding material of which the lantern-frames are composed. 
Panes glazed in frames padded with cushions, and capable of being tem- 
porarily fixed in a few minutes, in the room of a broken plate, are kept 
ready for use in the store-room. Those framed plates are called ttorm - 
panes , and have been found very useful on several occasions, when the 
glass has been shattered by large sea-birds coming against it in a stormy 
night, or by small stones violently driven against the lantern by the force 
of the wind. 

The ventilation of the lanterns forms a most important element in the 
preservation of a good aod efficient light. An ill-ventilated lantern has its 
sides continually covered with water of condensation, which is produced 
by the contact of the ascending current of heated air ; aod the glass thus 
obstructs the passage of the rays, and diminishes the power of the tight.” 

We must now shut up Mr. Stevenson's book, though we could 
very well take more from it, for it is full of new and useful 
matter. We cannot, however, do so without giving our thanks to 
the Board of Northern Lights for publishing this book, as they 
before did the elder Stevenson's book on the Bell -rock lighthouse. 
In our last number we called strongly on the engineers to write books 
'on their works ; but, perhaps, we should have done better if we 
had called on the railway and other undertakings to find the 
money for it, as the Board of Northern Lights have done. There 
is something wrong now, and we cannot help thinking that the en- 
gineers are those most to blame. If Mr. Robert Stephenson would 
take under his care a book on the London and Birmingham Rail- 
way, we do believe that the shareholders would not grudge the 
money, as each of them could have a book. They have not grudged 
money for Wolverton, and we do not think they would for this, if 
it were fairlv put before them by their engineer. The share- 
holders woula never miss the money, while they would do a great 
deal of good. If the engineers do not stir, we hope the share- 
holders will ; and that we shall have books on our great railway 
works, which may keep up their name and the honour of England. 


Mathematics for Practical Men, being a common-place book of Pure 
and Mixed Mathematics , designed chiefly for Hie use of Civil Engineers , 
Architects, and Surveyors; Olinthus Gregory, LL.D., F.R.A.8. 
Third Edition, Revised and Enlarged. By Henry Law, civil engi- 
neer. London: Weale, 1848. 8vo. pp. 510. 

This is a new edition of a very well known book. An editor who 
undertakes the revision of the scientific labours of another writer, 
undertakes an onerous and difficult task. If he alter and inter- 
polate freely, he may be charged with disrespect towards his 
author: if, on the other hand, he adhere too faithfully to the text, 
he becomes responsible for the original errors, as well as for all 
which he himself may happen to commit. 

Dr. Olinthus Gregory, of the Woolwich Military Academy, 
published the first edition of his “ Mechanics for Practical Men," 
in 1825; and eight years after, a subsequent edition, in which he 
says, 44 I have corrected a few errors which had escaped my notice 
in the former impression." The work commences with an elementary 
treatise on arithmetic and algebra, and the remainder is devoted 
to geometry and the mechanical sciences. This part of the work 
is, in his own phraseology, 44 synoptical." 44 The definitions and 
principles are exhibited in an orderly series, but investigations 
and demonstrations are only sparingly introduced." So much the 
greater, then, the importance of accuracy. Where results only are 
given, the reader must trust entirely to the authority of the writer : 
the process of investigation being omitted, there are no possible 
means of ascertaining the accuracy of the conclusions. They must 
be taken on trust. Like bank-notes, they may or may not repre- 
sent sterling value ; but in the absence of direct information, their 
circulation depends entirely on the credit of the issuer. 

Engineers at the present day are pretty well agreed, that the 
accuracy of formula is something more than a matter of mere 
speculative interest — that, on the contrary, it has a real and 
tangible importance, quite apart from theoretical considerations. 
It was at one time thought that mathematical investigations of 
questions of engineering were matters of mere curiosity — learned 
pastimes. Now it is found, that if a bridge be constructed accord- 
ing to insufficient formulas, it not only ought theoretically to fall 
down, but practically will do so. And it the duty of a steam-engine 
for a given quantity of fuel be inaccurately computed, not only aie 
the laws of science infringed — but the pocket or the owner of the 
engine suffers also. In this way, scientific accuracy comes to have 
a practical importance, a real money value : and those who prided 
themselves that they were 44 practical men,” and thanked heaven 
that they never troubled themselves about scientific theories, 
— which were all very well for college-students, and people who 
have nothing else to do, — discern faintly that their self-congratu- 
lation is premature. 

These considerations render us very anxious that the theoretical 
science should not suffer discredit, nor practical engineering injury 
by misplaced confidence: and with this object in view, we proceed 
to the more particular examination of the work under ieview, — 
premising that, as far as we have compared it with the preceding 
edition, most of the errors appear to be Dr. Gregory's originally, 
and Mr. Law's by imputation only ; and it is nothing but fair to 
suppose that the latter was actuated by a feeling of deference 
towards his author. 

We pass over the treatises on arithmetic and algebra without 
examination ; being altogether elementary, they may be presumed 
to be correct. Our criticism commences with the definitions of 
Curves. 

“ A cycloid or trochoid is an elegant mechanical curve, first noticed by 
Descartes, and an account of which was published by Mersenne in 1615. 
It is in fact the curve described by a nail in the rim of a carriage-wheel while 
it makes one revolution on a flat horizontal plane.” 

Cycloids 44 or" trochoids are used as synonymous words ! They 
are names of curves essentially different : for the former, the 
tracing point is on the circumference of the generating circle— for 
the latter, the tracing point is within or beyond that circumference. 

“ If the generating circle, instead of rolling along a straight line, is made 
to roll upon the circumference of another circle, the curve described by any 
point in its circumference is called an epicycloid .” 

It is not called an epicycloid except when the generating circle 
is equal to the fixed circle, and rolls on the exterior of it. In the 
other cases, the curve generated is either a Hypotrochoid, 
Epitrochoid, or Hypocycloid. In the figure illustrating the defini- 
tion of an epicycloid, this mistake is aggravated, by representing 
the rolling curve as much larger than tie fixed curve. 

It is of the very essence of mathesiatical definitions that they 
should be precise and comprehensive ; and in no part of mathe- 
matics is this exactness of definition more necessary than in me- 
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chanics. What will our mathematical readers say of such a defini- 
tion as the following ? 

44 When the forces that act upon a body, destroy or annihilate each other's 
operation, so that the body remaios quiescent, they are said to be in equili- 
brium , and are then called pressures.” 

This is clumsy and incomplete, to say the least. It is assumed, 
that when two forces “annihilate each other s operations,** the body 
is at rest, — the case of uniform motion is overlooked. Besides, the 
word pressure is restricted to statical forces, whereas it is properly 
applied to dynamical forces also. 

44 Vis viva , or living force, a term used by Leibnitz to denote the force or 
power of a body in motion ; or the force which would be required to briDg it 
to rest." 

Leibnitz never did anything half so absurd as is here said of him. 
Vis viva is not a force (or power , — for Dr. Gregory previously 
states that the words force and power are synonymous). Vis viva 
is a mere technical phrase — signifying, simply, mass multiplied by 
the square of velocity — which Dr. Gregory and his editor are 
determined to distort into something very complicated and abstruse. 
So far from vis viva being a force, it is not even measured by force 
alone — another element being the distance through which the 
force acts. When a body is acted upon by only one uniform force, 
the vis viva generated is equal to twice the force multiplied by 
the distance described in the direction of the force. 

In the second problem of the chapter on Statics, the calculation 
respecting the strain on tie-beams and struts is totally erroneous. 
It is not worth while to state the problem here, as we could not 
make it intelligible without the diagrams. To the reader who has 
the work before him, it will be sufficient to state that the error 
arises from considering the forces at one end of the strut and tie- 
beam, and neglecting the forces at the other end of each. The 
conclusion is manifestly erroneous, for when the tie-beam became 
indefinitely long, it would be vertical, and the tension equal to the 
weight suspended ; the strain on the strut at the same time be- 
coming zero. 

44 If the particles or bodies of any system be moving uniformly and recti- 
lineally, with any velocities and direction, the centre of gravity is either at 
rest, or moves uniformly in a right line." 

This is not true. Does the author mean to assert, that if two 
bodies be moving with different velocities in straight lines perpen- 
dicular to each other, the common centre of gravity moves in a 
straight line ? 

In discussing the pressure of earth against walls, the line of 
rupture and the natural slope are said to be synonymous — they are 
entirely different things ; the line of rupture being that which 
defines what is technically termed the wedge of maximum pressure. 
In the next paragraph is discussed the pressure exerted againBt 
the wall by the prism resting on the natural slope ; whereas, by the 
very definition of natural slope, that prism exerts no such pressure, 
the friction being of the exact amount necessary to sustain the 
weight. 

The section on the stability of the arch discusses the conditions 
for a case of rupture which is mechanically and geometrically im- 
ossible— that where there are only two joints of rupture, equi- 
i8tant from the crowm the loading symmetrical, and the piers 
incapable of sliding. In the last of the formulas in this section, 
the right-hand side of the equation has double it proper value. 

The preliminary part of the chapter on Dynamics has been re- 
written, — not however, as we think, with great success. The confu- 
sion of ideas respecting vis viva is really marvellous, considering 
how simple the real signification of the phrase is. Mr. Law says, 
first, “ Mechanical effect is measured by the product of the mass or 
weight of the body into the space over which it has moved.** Then 
he defines the vis viva of a moving body as “ the whole mechanical 
effect which it will produce in being brought to a state of rest.** 
This definition is by no means satisfactory. First, the mass ob 
weight are spoken of as convertible terms. Next, coupling the 
two definitions, the vis viva is said to “produce* the mass or 
weight multiplied by the distance. This is a strange expression : 
however, if we leave out the word “ mass,** and for “ distance** 
read “ twice the distance,** the idea intended to be conveyed is 
tolerably correct, wh^re the motion is vertical and the only force 
is that of uniform gra vity. For bodies acted on by variable force, 
and for curvilinear motion, the definition is totally inapplicable. 

In place of an enunciation of the three laws of motion, we have 
the following experiments as the foundation of dynamics. 

44 From carefully conducted and often-repeated experiments, the following 
Tesults with regard to bodies in motion have been obtained : — 

44 1. If a body of a certain weiabt, and moving with a given velocity, meet 
•another body of double that weight, and moving with half the velocity, the 


two bodies will destroy each other’s motion, and both will be brought to a 
state qf rest. 

44 II. A body of a certain weight and moving with a given velocity, beiog 
•object to a uniformly retarding force (i. e. a uniform force acting constantly 
in a contrary direction to tbe body’s motion), will move over a certain space 
in being brought to rest, and will occupy a certain time in doiog so ; then 
another body of the same weight, but moving with ha(f the velocity of the 
former, being subject to the same uniformly retarding force, will move over 
one quarter of the space moved over by the former, in being brought to a 
state of rest, and will occupy in doing so half the time. And another body 
of the same weight, but moving with one-third of the velocity of the first, 
will move over one ninth of the space, and occupy one-third the time of the 
first, in being brought to a state of rest." 

The second experiment would be analogous to that of trying 
whether all points in the circumference of a circle possess tta 
property of equidistance from the centre ! It is a matter of definw 
tion that they should do so. In the same way, the mere definition 
of uniformly retarding force leads to the inference here indicated 
as the result of numberless experiments. The conclusion depends 
on mere geometry, not on any law of mechanics. If a horse set off 
at a constantly diminishing speed — SO feet the first second. 49 feet 
the next, 48 feet the next, and so on — it requires no knowledge of 
mechanics, but a simple arithmetical computation, to ascertain how 
far he has gone, and the time which has elapsed, when his velocity 
is reduced to 20 feet a second. In the same way, if a body be acted 
upon by a uniformly retarding force — that is, one which oiminishes 
the velocity at an assigned uniform rate — the law of motion is 
assigned d priori , and it requires no experiment to determine the 
distances corresponding to subsequent rates of velocity. The rule 
that the distance traversed before the body comes to rest is pro- 
portional to the square of the velocity destroyed, depends on purely 
geometrical computation. 

In the section on Motion on Inclined Planes, we find the follow- 
ing 

4 * Each particle of matter in a rolling body resists motion in proportion to 
the square of its distance from tbe axis of motion." 

There is no such resistance, either in proportion to the square of 
the distance from the axis of motion, nor in any other proportion. 
It is incorrect to say that matter resists motion ; it neither resists 
nor assists it, but is perfectly impassive and inert. The force of 
inertia, as M. Poisson observes, is an incorrect phrase, arising from 
inaccurate notions of the properties of matter — it, in fact, implies 
an idea that matter has some Inherent property of altering its own 
motion. 

In the section treating of Pendulums, it is asserted, that if a 
body suspended from a fixed point by a flexible string be made to 
vibrate, it will always rise the same vertical distance as it has 
descended. This is of course true when the motion is not dis- 
turbed ; but it is added, that if the motion of the string be inter- 
cepted by a projecting peg, so as to shorten the radius of the arc in 
which the body moves, the same property holds. That this is not 
generally true is obvious, from the consideration that the peg may 
he so near the vibrating body, that the radius becomes too short to 
allow the body to regain its original height. Moreover, the string 
receives a ierk ; and therefore, unless it be perfectly elastic, there 
is a loss of vis viva . 

After a confused and inaccurate definition and table of values 
of the radius of gyration for several bodies, we have the following 
lucid explanation of the principles of rotation : — 

44 If the matter in any gyrating body were actually to be pla ed as if in 
tbe centre of gyration, it ought either to be disposed in tbe circumference of 
a circle whose radius is R, or at two points R, R', diametrically opposite, and 
each at a distance R from the centre." 

All that can be made out of this is. that if the body be in one 
place, it “ought to be**. in another. The only inference from such 
a statement is a querulous determination on the part of the writer 
to be dissatisfied with the position of the body under all circum- 
stances. The feeling is tnat of the wolf toward the lamb in the 
fable — a general disinclination that the body should have any 
position. Several preceding sentences gave rise to the suspicion 
that the author did not clearly understand the subject on which he 
was writing — the sentence just quoted converts suspicion into cer- 
tainty. 

The following are the definitions at the commencement of a 
chapter on Central Forces:— 

44 (1.) Centripetal force is a force which tends constantly to solicit or to 
impel a body towards a certain fixed point or centre. (2.) Centrifugal force 
is that by which it would recede from such a centre, were it not prevented 
by the centripetal force. (3.) These two forces are, jointly, called central 
forces ." 

Centrifugal force is not, as here stated, directed towards a fixed 
centre. It is normal to the path of motion; and, therefore, there is 
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only one particular case- — that of circular motion— in which the 
above definition is satisfied. In elliptical and other kinds of motion 
it is violated at every instant. This consideration is of itself 
sufficient to show that the third definition is also incorrect. Cen- 
tral forces are always taken by mathematicians to be forces directed 
from or towards & fixed centre — which centrifugal force is not. 

• The laws of motion about centres of attration are applied to 
cases to which they have no relation. The following problem is an 
instance 

“ If t fly, 2 tom weight and 16 feet diameter, is snfficient to regulate an 
engine when it revolves in 4 seconds ; what must be the weight of another 
fly of 12 feet diameter revolving in 2 seconds, so that it may have the same 
power upon the engine V* 

It seems scarcely credible that the solution of this problem is 
derived from the law of motion of a free body in a circle about a 
central force — that “ the forces are as the distances or radii of the 
circles directly, and the forces inversely." Could it be believed, 
that a student who had read mathematics for six months, would 
apply a law, which is wholly independent of the mass acted upon, 
to a problem in which the mass is the most essential particular ? 
By such logic, the following relation between the weights of the 
two fly wheels is established : — 

WD_ i od m 

•p* p * 

where W, tr, are the weights ; D, d, the diameters of the wheels ; 
and T, t, the times occupied in revolution. Now, to show the ab- 
surdity of all this, we nave only to express the times in terms of 
the linear velocities, V, and o, and the above equation becomes 
W V 2 wo 3 
~ d ; 

which leads to the conclusion, that for two fly wheels of equal 
weight, that having the greatest velocity must also have the greatest 
diameter !— a conclusion to which our practical readers would pro- 
bably demur. 

It would take up too much space to explain all that appears 
objectionable in the work before us. Mr. Law certainly has the 
credit of rendering the new edition somewhat better than the pre- 
ceding, by introducing De Pambour's investigations of the power of 
the steam-engine, and by several improvements of arrangement. 

In the paper on the Strength of Materials, which is almost en- 
tirely re-wntten, Mr. Law gives some valuable views of the subject, 
which cause us to regret that he has not exercised keener criticism 
in other parts of the work. In estimating the tranverse strength 
of materials, an ingenious theory is proposed, for representing the 
total forces of extension and compression in any section of a girder 
by solids, of which lines proportional to those forces are the hori- 
zontal ordinates. Unfortunately, he overlooks the fact that the 
total forces of longitudinal compression and tension are equal and 
opposite. He assumes also that their moments are equal — which 
is incorrect. This error vitiates equation (I), page 378, and all 
that depends on it. 

Our review must close here, not from want of subjects for further 
comment, but because of the space which they would occupy. We 
have done little more than point out, in the briefest possible man- 
ner, a few errors here and there; and have avoided general observa- 
tions, lest our criticism should appear unduly severe. 


The High-Pressure Steam-Engine ; an exposition of its Comparative 
Merits , and an essay towards an Improved System of Construction. By 
Dr. Ernst Alban, practical machine maker, Plau, Mecklenberg. 
Translated from the German, with notes, by William Pole, C.E. 
London : Weale, 1848. 8vo. pp. 150. 

This is the conclusion of a work of which the first portion was 
reviewed ante, vol. X., p. 45. It will be remembered, that the 
distinguishing feature of Dr. Alban's subject is an earnest advo- 
cacy of the merits of the high-pressure steam-engine, which, he 
contends, is for all purposes and under all circumstances, superior 
to the low-pressure engine. He proposes to increase tne steam- 
pressure greatly beyond the limits now usually assigned to it ; and 
as his observations are the result of long practical experience in 
the manufacture of engines, and in superintending their working, 
they are at least deserving of consideration. His arguments are 
those of a careful and judicious observer, and the details of his 
experience prove that he has pursued his profession with no ordi- 
nary amount of energy and ability. 

In the present portion of the treatise, our author describes the 
form of the boiler and furnace adopted by himself, and which he 
recommends as models for general adoption. We must demur, how- 


ever, to the notion of a model engine, and to any one routine of con- 
struction prescribed for universal practice. The steam-engine 
would lose much of its value if the arrangement of its parts were 
immutable. The diversity of forms which may be given to it, 
and the facility of adapting them to local exigences, render the 
steam-engine the most convenient, as it is the most economical, 
of motive agents. c d 

The principle which characterises Dr. Alban's o o o 

boiler, is the circulation of hot water through o o o o 

the tubes, and the return to the boiler of the o o o 

water which has been carried upwards in a liquid o o o o 

form with the current of steam. The dots in the o o o 

diagram will sufliciently explain the relative o o o o 

position of the tubes, c, d, are two capacious vessels above them. 
The ends of all of them communicate with c, the “ separator," 
into which, therefore, the steam generated, and the water mechani- 
cally mixed with it, are carried. At that end of this vessel 
where steam and water are admitted, violent ebullition goes on ; 
but as the capacity of the boiler is large, the water and steam be- 
come more and more separated as they progress to the further end, 
whence they pass quietly by their respective pipes to the receiver 
i 1 in which an undisturbed water-level is maintained. From d, 
the steam passes off to the engine, and the water is returned to 
renew its labyrinthine course through the tubes of the boiler. 

Our author assures us that he has determined the efficiency and 
economy of this invention, by actual and careful experience. The 
advantage which he claims is, chiefly, that of naving a tube 
surface, subject to the direct action of the furnace, and yet not 
liable to excessive ebullition or boiling dry. The tubes are of 
small diameter ; consequently^ their heating surface bears a higher 
proportion to the volume of water in them, than would be the 
case with tubes of a larger diameter. This circumstance, Dr. 
Alban insists upon as most important for the economical generation 
of steam. At the same time, the tubes lie so far below the water- 
level, that a want of water in them is scarcely likely to occur : 
and if it did, it would take place first in the higher tubes, which 
are the least exposed to heat. 

It will strike some of our practical readers, that this mode of 
construction, and the smallness of the tubes, must render them 
exceedingly liable to be impaired by the accumulation of deposit. 
We are told, however, that this is by no means so formidable a 
difficulty as it may at first sight appear, as the stony concretion 
is confined to the upper tiers of tubes, and the arrangement 
affords easy access to them. It is however allowed, that tubes of 
so small size as those here described would not be applicable to 
marine boilers, in which a great deposit from salt water takes 
place. 

After a minute description of the boiler, the writer proceeds to 
an examination of improvements of the furnace. He does not 
deem of much importance the fc< smoke nuisance,” as it is em- 
phatically termed in England, and decries the legal restrictions to 
which engine owners are subjected in Germany, to prevent them 
from forcing the bituminous vapour and soot of their furnaces 
down their neighbours' throats. “ The English," says he, “ con- 
tinue to live well among their smoke, and find themselves well off 
on it ; they neither turn up their noses nor get asthma, but they 
live, and live long." We, however, who live in England, are not 
easily to be persuaded that the vitiation of the air by smoke is a 
slight evil. The pollution of the air in London and the manufac- 
turing districts, inflicts mischief of which the magnitude can only 
be appreciated by actual observation. The cities of the continent, 
by tne limits of their size; and the comparative insignificance of 
tne manufactures carried on in them, are so little subjected to the 
injury in question, that it is not surprising that a foreign writer 
should speak slightingly of it. But the thousands who annually 
fall victims to the chimney-polluted atmosphere of this metropolis, 
give mournful proof that it is no false sentimentality — no popular 
prejudice^ that have at length rendered the sanitary regulation 
of manufactures an irresistible obligation on the legislature. Dr. 
Alban considers all the self-acting contrivances for consumption 
of smoke useless ; and deems it vain to expect that any future 
inventions for the purpose will succeed. It is sincerely to be 
hoped, however, that an object- of such paramount importance will 
not be given ud in despair. There can be no question that much 
improvement has already been effected, and that the combustion 
of fuel is conducted in a more complete and perfect manner now 
than it was a few years ago. When the necessity of further exer- 
tions becomes apparent, that parent of invention will stimulate 
our mechanicians to further exertions, and to the discovery of 
methods which, we are convinced, have not yet been attained, 
because the inquiry has been partially or feebly conducted. 

28 * 
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The subject next considered is the engine itself, in which 
several improvements are proposed. According to our author s 
principle of confining himself to one exclusive model for every 
pnrt of the steam-engine, he here selects the oscillating -cylinder 
for universal adoption. The history of these cylinders as given 
by the translator is curious, and affords interesting testimony that 
a discovery, after being abandoned by the original inventor as 
useless, may be taken up by others with complete success. In 1803, 
Tbevbthick took out a patent for an engine, in which cylinder, 
boiler, and furnace aU tuning together ; and adds, that if it be 
desirable, aU the other parts may be fixed except the cylinder , which 
may be suspended on trunnions or pivots perforated for the admission of 
steam. Other patents were also taken out for moveable cylinders ; 
but the first oscillating-engines actually made, were those of Mr. 
Aaron Manby, and his son, the present able secretary of the 
Institution of Civil Engineers. Tne important addition of the 
slide-valve was patented by Joseph Maudslay, in 1837 ; who, by 
combining the D valve with eccentric gearing, made an important 
step in perfecting these engines. 

, Dr. Alban proceeds to discuss the several objections usuallv 
urged against the the oscillating-cylinder, and to explain its ad- 
vantages. To the objection, that injurious lateral strains are pro- 
duced every time the motion is reversed and the momentum 
arrested, he replies, that in steam-engines of ordinary construction, 
the parts subjected to reciprocating motion (the beam or side- 
levers^ are usually heavier tnan the cylinder, and vibrate through 
a much greater arc. Though this be true, we must remark that 
the arrangement of the oscillating-engine renders it mechanically, 
or rather geometrically, impossible that its motion can be so even 
and regular as that ot the beam-engine. By the arrangement of 
the ordinary crank, the motion of the beam is slowest at the two 
limits of its motion : it comes gradually to rest at the extremity 
of the arc of vibration, so that every thing like concussion is 
avoided : and that this advantage is attainable in the most perfect 
degree, is proved by the fact that in properly constructed 
engines, the most ponderous beams move without producing a jar 
or concussion. In the oscillating-engine, however, there is a pecu- 
liarity in the arrangement which precludes uniformity of motion. 
The arc through which the cranx revolves while the cylinder 
oscillates in one direction, is less than a semicircle — and greater 
than a semicircle while the cylinder oscillates in the contrary 
direction. Hence, if the motion of the crank be uniform, the 
cylinder oscillates from right to left, and from left to right, in 
unequal times. If, on the contrary, the oscillations of the cylinder 
be regular, the crank moves faster when it is near the cylinder 
than when at its greatest distanoe from it. In practice, these two 
variations are compounded— or, if the phrase be allowable, the 
irregularity of motion is shared between the crank and the cylinder. 
Of course, the motion of the piston and other parts is affected by it. 
The actual amount of it depends on the relation between the length 
of the crank and connecting-rod, and the distance of the trunnions 
of the cylinder from the centre of the crank ; and, cceteris paribus , 
the uniformity is increased by increasing the distance of the swing 
centre from the crank-shaft : but perfect regularity is unattain- 
able. 

To the objection, that the cylinders are unequally worn by the 
piston pressing first on one side and then on the other, the author 
replies, that this objection can only apply with much force where 
the pistons are large and heavy, and that the hemp packing (which 
he always prefers to metallic packing) almost entirely remedies 
the evil. 

The disadvantage arising from the friction of the trunnions on 
which the cylinders swing, and which are usually perforated for 
the admission and eduction of the steam, is remedied by the author 
by suspending the cylinders — not on the gudgeons through which 
the steam passes— but on a separate frame, having no communica- 
tion with them. After enlarging on the great increase of friction 
resulting from the heat of the metal, he shows that by keeping the 
actual bearings on which the weight of the cylinder is supported, 
separate from the steam passages, the heat oi the rubbing parts is 
comparatively trifling, ana that a great amount of friction is conse- 
quently avoided. 

The fourth objection considered is, that u when the distance of 
the trunnion-axis from the crank-shaft is too small, the vibrations 
are unequal, as is also the force transmitted to the engine.” To 
this remark the translator briefly replies, in a note, that “ the 
objection has no weight at all.” With great deference to Mr. 
Pole's authority, there is considerable weight in the objection. He 
has not appended to his dictum any reasons in defence of it, and 
.there is therefore hardly any other way of meeting him than by 
counter-assertion. Does he mean to assert that the vibrations are 


performed in equal times ? If so, it is quite clear, from the geome- 
try of the case, that the crank moves at variable rates ; and this is 
sufficient proof that the force is not uniformly transmitted to the 
working parts. If, on the other hand, the motion of the crank and 
the transmission of force be uniform, the oscillations of the cylinder 
take place in unequal times. There is no escaping from one or 
other of the horns of the dilemma. We do not insist on the disad- 
vantage as necessarily serious ;.but that it exists, and is unavoidable, 
is obvious from mere inspection of a diagram showing the relative 
positions of the cylinder and crank. 

The advantages of the oscillating-cylinder on which our author 
earnestly enlarges, are — 1st, its simplicity, arising from the omission 
of the beam, parallel motion, and other parts ; 3nd, the facility oi 
construction, the fitting being in a great measure effected by the 
lathe ; 3rd. compactness, and consequently suitability for steam- 
vessels ; 4th, comparative lightness ; 5th, the consequent porta- 
bility ; 6th, diminution of prime cost ; 7th. the simplicity of work- 
ing management ; 8th, the diminution of friction ; 9th, the saving 
of grease for lubrication; 10th, the little repair required ; 11th, 
the facility of discovering and rectifying any error of adjustment ; 
13th, the omission of guides for the piston-rods ; and lastly, the 
direct and advantageous transmission of force. 

There is one remark to be made on this enumeration of the 
advantages of the oscillating-engine, which^though simple, deducts 
greatly from its claims to pre-eminence. — The greater part of the 
merits claimed for it do not belong to it exclusively, but are com- 
mon to all kinds of direct-action engines. 

Among the prominent features of Dr. Alban's views, is the pre- 
ference which ne tells us that long experience has induced him to 
assign to hemp packing for the piston. Contrary to the opinion of 
many practical men, who believe the metallic packing absolutely 
indispensable for high-pressure engines, he considers that method 
fraught with inconvenience. It may however be observed, that 
many of the disadvantages (those arising from imperfect workman- 
ship) are more likely to arise in Germany than in England, where 
we may justly pride ourselves on the marvellous perfection which 
has been obtained in the manufacture of the details of the steam- 
engine. 

Other objections to metallic packing are not to be thus disposed 
of. The cylinder and the piston are frequently of different metals, 
and therefore liable to different rates of expansion ; consequently, 
the adjustment of the packing, though perfectly accurate when 
the metals are cold, becomes untrue after they are heated. Dr. 
Alban denies that the packing grinds itself steam-tight by working; 
on the contrary, he believes that if any imperfection exist originally, 
it is aggravated by use. We are however inclined to believe that 
he speaks on this point from limited experience, for while the elas- 
ticity remains unimpaired, it presses against the cylinder any 
irregular protuberances which may exist, and the adjacent parts 
are protected from attrition till these be worn down to an even 
surface. Of course, if the elasticity of the packing be unequally 
distributed, those parts most forcibly pressed against the cylinder 
will wear thin and be destroyed before the portions of the packing 
subjected to less pressure. 

The liability of the packing to lose its expansive power, either by 
the component parts cohering and losing their mobility, or by the 
heat destroying the elasticity of the springs, is strongly insisted 
upon. It is also asserted that the complexity and number of the 
parts render them liable to get out of repair, and that they can 
never fit so closely as to be perfectly steam-tight. Hemp packing 
is preferred on account of its simplicity ; and the author states, as 
the result of his experience, that a packing of rope, of loose unspun 
fibres, thoroughly lubricated, works well and remains steam tight 
under high pressures. We will not absolutely assert that there 
are not any circumstances under which this kind of packing may 
be used with advantage, but many of Dr. Alban's prejudices must 
have arisen from observing the working of metallic packing of 
inferior construction ; and probably, if he were acquainted with the 
great improvements which have been effected in England in this 
part of the steam-engine, he might be induced to modify his 
opinions. 

There are many other topics of the treatise before us deserving 
attention, but we must content ourselves with remarking, generally, 
that the very original views taken by the author are not those of an 
ingenious schemer merely, but of one who combines originality of 
invention with practical knowledge, and enhances both by the 
power of logical induction exhibited in the methodic arrangement 
of his arguments, and the distinct statement of the results of bis 
experience. 
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The Assistant Engineer' t RaUwayGuide. By W. Davis Haskoll, 
C.E. Part II. London: John Williams and Co., 1848. 

Many excellent works on subjects connected with the profession 
of the civil engineer have at various times been published. But 
while the wants of the more advanced portion of the profession 
have been comparatively well supplied, the junior members have 
been left, at their entrance on the practical duties of their calling, 
almost without any guide to assist them. The need of a book, 
treating in a practical manner of the minor, though most impor- 
tant, operations which form the principal duties of the assistant 
engineer, has long been felt ; and we are glad to find that this 
requirement has been satisfied by Mr. Haskoll, in the work before 
us. 

In the first part, published in 1846, the subjects of setting-out 
the centre line, taking the permanent section, boring, and the 
other operations preliminary to breaking ground, were discussed ; 
in the second part, the author has devoted his attention to the 
setting-out of works, the subject of earthwork, the formation of 
the permanent way, and the many operations necessary while the 
railway is in progress of construction. These various topics are 
treated in a clear and practical manner : every variety of work, 
whether on the skew or square, on a straight line or curve, is con- 
sidered ; and the methods of setting-out, and the precautions neces- 
sary during the construction are shown. The author is no advo- 
cate for the 44 rough-and-ready” system, but inculcates a careful 
attention to accuracy in every particular. Were this course more 
commonly adhered to, we should not so often hear of failure in 
works, causing often loss of life, and always profuse expenditure of 
capital. The following passage will illustrate the author s views on 
this subject : — 

“ Let me persuade the young practitioner, that the gratification 
he will feel at finding the string-courses of his bridges and viaducts 
at their true height and gradient, or the formation of a tunnel at the 
intended levels, will alone amply reward him for his trouble, inde- 
pendently of a reputation for accuracy, which he will not fail to 
obtain in the opinion of a judicious chief, as also in the estimation 
of directors. Let him beware of the vaunts of 4 rough-and-ready' 
men (rough work and readiness to blunder), who disguise their in- 
capacity and ignorance, by pleading the impossibility in practice 
to obtain truly correct levels ; for if there be any truth, rationally 
speaking, in this excuse, the greater should be the engineers care 
to avoid errors, and not to do his work in a slovenly manner, 
whereby he may double and treble his ‘ mistake ;* and he will find 
that contractors, masons, bricklayers, &c., will be careful and at- 
tentive. exactly in proportion to the care and attention which he 
himself bestows on the works. This observation applies exactly 
in the same sense, and to the same extent, in setting-out works. 
He will, moreover, have the satisfaction of knowing, that his mind 
on this subject will be at ease as the works proceed, and that no 
reproach can be made to him ; on the contrary, an error of this 
kind carried out can be considered little better than wilful neglect 
of duty.” 

After giving an example of a section book, containing columns 
for the half-widths, distance, total rise, finished levels, excava- 
tion, and embankment, on one side, — with a sketch of the surface, 
and notes of the position and particulars of bridges, culverts, &c., 
on the other, — the author adds the following hints : — 

44 The pocket section being prepared so far, we should, as soon 
as the works of construction are determined on, insert notes from 
the working drawings, or otherwise, of the angles of skew at 
which the line crosses roads, canals, &c. ; the spans of arches on 
the square and skew, the rise of the arch, the depth of arch stones, 
of puddle, if any ; also, if the works be on an inclined plane, the 
rise or fall from centre to centre of piers ; memoranda also, of 
nearly similar nature, should be made of girder bridges, culverts, 
drains, and other works occurring along the line. These remarks 
are more than necessary ; because, when on the works, the draw- 
ings, when required, are often mislaid, or partially defaced or 
destroyed. It must be added, however reluctantly, that the tracings 
with which contractors and sub-contractors are supplied, are often 
wrongly figured ; and the site of construction, amidst the moving 
to-and-fro of masons, labourers, and 4 navvies,' is not the place 
where such errors may be most readily detected and corrected.” 

The second chapter is devoted to earthwork; and here the 
author shows a practical acquaintance with the numerous consi- 
derations that determine the course to be taken in the treatment 
of this most important feature of the works of a line of railway. 
We subjoin a few extracts on cutting and embankment : — 

- 44 The determination of slopes for earthwork is one of the 
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most uncertain subjects the engineer has to contend with, if he 
be anxious to reduce as much as possible the quantity of excava- 
tion, and that of land to be purchased — both formidable items of 
expense : but this reduction is attended with one great danger*— 
namely, a 4 slip,' which will often, for a considerable length, occ*> 
sion a double and treble quantity of excavation, and the purchase 
of a corresponding quantity of land. * * * The slopes of 
cuttings in gravel will stand at almost any depth at 14 to l, and at 
depths of 10 feet and 15 feet at 1 to 1 chalk is more uncertain ; 
in solid rocky masses, it will stand perpendicular; friable, it may 
require slopes of l to 1 ; — shale will stand at a 1 to 1, if the stratifi- 
cation be horizontal and dry, but when wet ana soapy, there will be 
great uncertainty ; — clay, however, is by far the most uncertain and 
treacherous eartn to be met with in excavating; we have known it 
for many months to stand perpendicular for a depth of 40 feet, and 
suddenly slip off, determining a slope of 3 to 1 ; there is no doubt; 
that one of the most dangerous practices of excavators is to allow 
a gullet of this depth and nature to stand for a great length of 
time without lightening the sides, nor should it under any circum- 
stances be allowed. A thin bed of clay will very often occasion’ 
the slip of material of a better nature. • • * When a sHp 
has once fully declared itself, there is little left but to submit ttt 
the circumstance, and to form the slope to the extent determined 
by the slip ; except, indeed, in the case of buildings, or gardens, 
&c.. when we must nave recourse to retaining walls and long coun- 
terforts, with a good system of drainage, which will always be 
found indispensable ; so much so, that no good results can be ex- 
pected from the best built and thickest walls without it.” 

44 The best materials for the formation of embankments are 
gravel and sand, both from the facilities they offer for drainage, 
and their more rapid final consolidation ; — soft, shaly earths are 
unfavourable, but if hard and dry they form good embankments, 
and settle well at slopes of 1 to 1 ; — vegetable earths, or what is 
termed soil, must be entirely rejected for the embankment, from 
their being so easily converted into soft mud ; landowners, how- 
ever, are luways ready to carry these away, but care should be 
taken to preserve a sufficient quantity for soiling slopes, as when 
a good depth of soil has once produced a strong vegetation, it 
forms one of the best safeguards to slopes ; — clays mixed with a 
quantity of stones, are by no means a bad material, and if dry, 
will form a sound embankment, though rather long in consolidat- 
ing ; — wet clay is as bad as peat, if not worse ; it should never be 
allowed to be used under any circumstance whatever ; . a few 
wagons of wet clay, tipped in a deep embankment, will do more 
mischief by its slipping, and saturating all other materials laid on 
it, than one or even two thousand of good stuff will rectify, be- 
sides becoming for many years a continual source of settlement, 
and perhaps of danger, on that portion of the line. Where the less 
favourable materials must be employed for forming embankments, 
it is as well to make an exception to the general rule, of forming 
at once an embankment to its full height and width, and to leave 
a few feet in height to be raised ujp witn drier materials, if conve- 
niently at hand ; isolated masses of this description are often found 
in excavations, otherwise of very inferior materials, which may be 
successfully employed for this purpose.” 

Two tables are given at the end of this chapter, which will prove 
of great assistance in estimating earthwork. The chapter on 
setting out of works goes very completely into the whole subject, 
and will render most valuable assistance to the young beginner ; 
indeed, the information therein contained can be found in no other 
book than the one before us. After tables of experiments, by 
George Rennie, Esq., on the strength and other properties of 
various materials, now for the first time published, are given the 
specification and drawings of a very elegant and scientifically, 
designed laminated arch, over the river Ouse, on the East Anglian 
Railway, designed by J. S. Valentine, Esa.; and at the end of the 
book are placed many tables of a useful character. 


Facts and Evidence Identifying the Authorship of the Letters of 
Junius . By John Britton, F.S.A. 

Mr. Britton, who takes in a wide range of subjects in his anti- 
quarian ken, has added a new book to the many on the vexata 
ouestio of the authorship of 44 Junius.” He favours Colonel Barre. 
This discussion does not come within our scope, — but it does to 
record the labours of one who has contributed so much to archi- 
tectural literature. 
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Irish Wants and Practical Remedies; an Investigation on Practical 
and Economical Grounds , as to the Application of a Government System 
of Railways in Ireland . By Humphrey Brown, Esq., M.P. Lon- 
don : Barnett, 1848. 

Many of our readers will care very little about a system of rail- 
ways lor Ireland, though this little work deserves attention for 
what it says on that subject; but it requires notice as being the only 
attempt yet made to apply statistically to a given case the doctrine 
that railways can be made by means of existing resources, and that 
they are of a reproductive character. An additional value is given 
to it, that it contains the latest statistics on railway subjects, and 
many novel applications of them. 

Among the chief points discussed, are the number of persons 
temporarily employed and permanently employed ; the saving and 
reproduction on agricultural resources ; the effect of extending the 
area of supply by extending the radius of communication ; the 
average contribution and mileage of each head of traffic ; the 
pecuniary or capital resources of Ireland ; the correspondence be- 
tween traffic estimates and traffic returns ; and the existing traffic 
on Irish lines of road. 

The following is a curious illustration of railway economics, and 
supplies evidence on a question which has been often mooted 

u Mr. Porter, io the new edition of his work on the Progress of the 
N&tioo, p. SO, has given a table of the estimate of traffic given to parlia- 
ment by several railways, and by appending to them the actual traffic from 
the returns made in 1845, we shall be able to see how far the estimates 
have been boroe out. 

The estimates for the railways constituting the Midland Railway, are as 


follows : — 

Passengers. 

Cattle. 

Sheep. 

Merchandise 
by Land. 
Tons. 

Coals 
by Water 
Tons. 

Birmingham and Derby 

145,747 

7254 

27,105 

14,547 

— 

North Midland 

149,812 

— • 

— 

124,350 

— 

Midland Counties 

255,424 

— 

— 

12,948 

285,000 

Total estimated 

550,985 

7254 

27,105 

151,855 

285,900 

Midland Railway, 1845 

1,809,145 

30,000 

120,000 

371,154 

313,854 


The Midland Railway traffic included, likewise, 30,000 pigs, and C 6,290 
tons of lime. The merchandise carried by water was estimated at 
255,738 tons, and this, and a great quantity of coals, are still carried by 
water, so that the railway has, as it were, created an amount of traffic. 

The estimates and returnB for the Manchester and Leeds Railway stand 
thus 

Merchandise Total Goods by 
by Land. Land and Water. 

Tons. Tons. 

Estimates 207,588 106,486 358 958 

Returns 1,674,946 607,852 — 

Thus the traffic on the railway is greater than all that previously moving 
by land and water, although the canal traffic is as great as before. 

The estimates and returns of the York and North Midland Railway 
stand thus * 

Merchandise Merchandise Coal 

Passengers, by Land, by Water, by Water. Cattle. Sheep. 

* Tons. Tons. Tons. 

Estimates 186,660 6647 95,100 98,000 53,000 110,600 

Returns 461,765 351,022 — — 15,364 87,639 

The traffic in this case resembles that of the Manchester and Leeds in 
its results. 


The following are the estimates and returns of various other rail- 
ways:— 


London and Brighton 
South Eastern (1847) 

Great North of England 

Great Western and Bristol 
and Exeter (1847) 

Lancaster and Preston 
Glasgow and Ayr 


i Estimates 
\ Returns 
( Estimates 
( Returns 
( Estimates 
| Returns 
Estimates 
Returns 
l Estimates 
\ Returns 
Estimates 
Returns 


Passengers. 

226,444 

788,386 

317,252 

1,477,892 

75,158 

196,722 

821,145 

3,876,222 

106,957 

135,344 

597,470 

834,078 


Merchandise, 
by Land. 
Tons. 
43,765 
65,747 
63,079 
204,100 
32,136 
234,198 
150,710 
371,326 

26,099 

121,027 

168,376 


This will be found useful as a book of reference, on account of 
the facts and figures it contains, and the mode in which they are 
applied, as it is the only work which has yet embraced the Bubject 
or railway traffic in a practical and comprehensive manner. 


REGISTER OF NEW PATENTS. 

REDUCTION OF COPPER ORES. 

Charles Low, of Roseberry-place, Dalston, Middlesex, gentle- 
man, for “ Improvements in the manufacture of zinc , copper , fin, and 
other metals ” — Granted November 4, 1847 ; Enrolled May 4, 1848 

The title of this patent is more comprehensive than the specifi- 
cation, as the patentee disclaims all parts of the title, excepting 
that relating to copper. The object of the improvements is to 
quicken the manufacture of copper from its ores, and to diminish 
the loss of metal. In reducing the ores a compound is employed, 
consisting of oxide of manganese, plumbago, nitrate of potash, nitrate 
of soda, or lime, and carbon. The proportions of these materials the 
patentee states to be, oxide of manganese forty-two parts, plum- 
bago eight parts, nitrate of potash, nitrate of soda, or lime, two 
parts, and carbon fourteen parts; the carbon to be used, the 
patentee prefers to be either anthracite coal or wood charcoaL The 
mode of operation is as follows : the ore is roasted in the usual 
manner and then melted ; and when in this state, the composition 
of the four materials named is introduced into the furnace and 
well mixed with the melted ore. The composition is introduced 
in the proportion of twenty-five pounds weight to one ton of ore 
operated upon, and acts as a flux. The slag rises more rapidly 
than ordinary to the surface of the melted mass, and is then to be 
skimmed off. When the workman perceives the metal is in a suffi- 
ciently forward state of manufacture, a second quantity of the 
composition in equal proportions is added, and the mass is again 
stirred and skimmed. Additions of the composition are repeated 
if necessary, until the copper is in a sufficient state to be removed 
and operated upon in the usual manner. Should it be considered 
desirable, the composition may be introduced at any of the subse- 
quent meltings of the ores, eitner in addition to, or without being 
introduced at, the first melting. The patentee does not confine 
himself to the precise proportions specified of the materials, nor 
to the precise mode of operation described, but claims the employ- 
ment of the compound of oxide of manganese, plumbago, nitrate of 
potash, nitrate of soda, or lime, and carbon. 


DRESSING ORES OR MINERALS. 

William Brunton, jun., of Poole, Cornwall^ civil engineer, for 
M certain apparatus for dressing ores or minerals . — Granted Novem- 
ber 16, 1847 ; Enrolled May 16, 1848. 

This invention consists in the application of centrifugal force 
combined with the upward impulse of water in the dressing of 
small ores. The first part of the apparatus consists of a tank from 
five to six feet square ; within this is fitted a sieve, having a wove 
wire or perforated metal bottom, the apertures being adapted in 
size to the ore about to be dressed. This sieve is fixed upon an 
upright shaft or spindle, revolving in a bearing at the bottom, and 
having a turned journal at its upper end. The depth of the annular 
margin or sides of the sieve is about eight inches. Immediately 
under the bottom of the sieve a partition, enclosing about one-third 
of its area, crosses the tank, and having communication with the 
discharge pipe of a force-pump. On the opposite side of the tank 
is a receptacle for the ore, and this is supplied by an instrument 
termed a u skimmer ; M its lower end forming a mouth, and equal 
in breadth to the semi-diameter of the sieve; the stem being 
hollow, and bent at a certain portion of its length (turning down- 
wards), so that anything passing through it will be deposited in 
the receptacle attached to the tank. A rotating motion being 
given to the sieve by means of wheels and pulleys fixed upon the 
upper end of the upright spindle, and the sieve being charged with 
ore or mineral by means ot a hopper placed above it, the mouth of 
the skimmer is so regulated that, as the whole revolves, the water 
is forced upwards through the sieve by the action of the force- 
pump. The ore, by excess of weight, falls through the bottom of 
the sieve into the tank, and the waste is carried into the mouth of 
the skimmer, in consequence of the rotating force, and passes 
thence through the pipe or stem into the adjoining receptacle. 
The stream of water which is carried with the waste returns into 
the tank, and is sufficiently clean to be used again. The area of 
the piston of the pump should not be less than one-third the area 
of the sieve, and from 60 to 100 impulsions should be given by the 
pump before the skimmer is set to work ; by this means the partis 
cles are raised, separated, and adjusted according to their specific 
gravity and bulk. Should the “ orey" stuff be larger than the 
apertures of the sieve, the feed from the hopper is shut off by a 
little door that closes its mouth, and a shoot being placed on or 
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under the lower end of the stem of the skimmer which is lowered 
to take up the ore, it then passes through the stem into any 
receptacle placed to receive it. By another arrangement of the 
machine the skimmer revolves instead of being fixed, and traverses 
the ore at a regulated depth from the surface, ana the waste is 
carried by the rotating force and the stream of water into the 
skimmer, and from thence into the central compartment, from 
whence it passes down the hollow shaft into the receptacle appointed 
to receive it. The second part of the invention relates to a method 
of dressing small ore and sleines of ore. A hollow frame or trunk, 
has for its section the exterior form of a cone, which converges 
to its centre from the extremes of its base, and terminates in an 
aperture having a cock. To this centre is fixed an iron arm or 
step, upon which the whole apparatus revolves. The apex is formed 
like a goblet, for the purpose of a funnel, into which the small ores 
are poured. On each side or limb of this trunk or hollow frame 
are attached three receptacles, the first opening from the trunk 
into the uppermost one, being about one-third from the apex or 
funnel ; the second communicating with the middle one, at about 
two-thirds from the apex ; and the third at the angle or extremities 
of the base. A pulley is fixed to the under side of the funnel, by 
which a rotating motion is imparted to the whole of the hollow 
frame, and the small ores in a moistened state are poured into the 
funneL and pass down the hollow trunk. The centrifugal force of the 
revolving trunk causes the heaviest of the ores to be discharged at 
the upper opening into the adjoining receptacle ; the next less in 
size into the middle one, and the least, or sleines, into the lower 
one. The water which passes into the trunk with the small ore or 
sleines of ore, is discharged by means of the cock at the base, 
immediately above the step upon which the whole revolves. When 
the receptacles are full, the small doors in front of each are removed, 
and the ores are taken out and placed in the usual bins, according 
te their various sizes. The patentee claims — first, the conveying 
the ores and waste into another receptacle over the annular margin 
of the sieve, by means of a skimmer-pipe and stream of water ; 
secondly, the application of the force-pump ; and thirdly, the 
application of centrifugal force for producing artificial gravitation* 


MANUFACTURE OF PIGMENTS. 

William Edward Newton, of Chancery- lane, for “ Improvements 
in the mode or modes of manufacturing or preparing certain matters to 
be employed as pigments " (A communication.)— -Granted Novem- 
ber 16, 1847 ; Enrolled May 16, 1848. 

This invention relates to the manufacture of zinc-white, zinc- 
yellow, and zinc-green, though it is principally directed to the forma- 
tion of zinc- white, the other pigments having been the subjects of a 
former patent. The processes are described at great length in the 
specification, but the claims of the patentee will sufficiently explain 
tne nature of the proposed improvements. He claims — First, the 
distillation of metallic zinc, of oxide of zinc, or zinc ore, by one of 
several means mentioned. Second, the application of furnaces 
similar to glass furnaces and coke ovens, and the modification of 
them respectively in order to fit them for the purpose of manufac- 
turing zinc-white. Third, the construction of furnace, formed of 
two cylindrical tubes placed side by side with furnaces or fire- 
places formed in the lower part of the brick- work. Fourth, the 
isolating the retorts from each other and also cutting off the com- 
munication between the retorts and the oxidizing chamber when 
required. Fifth, the employment of suitable apparatus for cleansing 
the mouths of the retorts without being obliged to enter the oxidiz- 
ing chamber. Sixth, the arrangement of apparatus by which the 
retorts map be charged, cleansed, and replaced, or submitted to 
any operation required, without interfering with the oxidizing 
chamber. Seventh, the application or employment of blast furnaces 
for the production or manufacture of zinc-white or oxide of zinc, 
whether such furnaces are circular or of any other suitable form, 
and whether they are constructed and arranged in a vertical, 
inclined, or horizontal position. Eighth, the employment or intro- 
duction of currents of air into an oxidizing or other chamber, for 
the purpose of converting the metallic vapours of zinc into zinc- 
white or oxide of zinc ; also the employment of an exhaustion-tube 
or blowing-apparatus for conducting the metallic vapours to the 
oxidizing chamber. The patentee claims also the employment of 
wire-gauze or sieves for sifting the products ; also the arrangement 
of vessels for receiving the heaviest portions of products. Ninth, 
the arrangement of the oxidizing chambers so as to allow of the 
products being collected without the necessity of entering them. 
Having described all that appertains to the manufacture and man- 
ner of collecting zinc-white, the patentee next proceeds to an 
explanation of that part of the invention which relates to the 


yellow of zinc and green zinc. As the manufacture of zinc-yellow 
forms the subject of a previous patent, he merely remarks that 
hydrochloric acid may be used instead of sulphuric acid. To form 
zinc-green, yellow (having been produced by the patented process,) 
is diluted with a suitable quantity of water, and mixed with a cer- 
tain quantity of prussian biue (previously mixed with a suitable 
quantity of water, oil, or other appropriate liquid), either in a hot 
or a cold state. Green of zinc will thus be formed, the colour of 
which will be as durable as the blue itself. These pigments may 
be employed for painting of any kind. 


SMELTING COPPER ORES. 

William Bibkmybe, of Southdown, Cornwall, for “Improve- 
ments in smelting copper and other ores,” — Granted November 16, 
1847 ; Enrolled May 16, 1848. 

The chief object of this invention is to remove the nuisance 
arising from the sulphuric and sulphurous acid vapours, and from 
the vapours of arsenic, during the smelting of copper ores. The 
process is thus described : — A double iron pyrites kiln is constructed 
upon the usual principles, the ash-pits being furnished with a 
leaden cistern, filled with water, to abate the nuisance arising from 
the sulphurous and arsenious acids, when drawing out the mundic 
ashes. Over the charging-door for the mundic, is an air-hole, 
provided with a damper, to regulate the passage of the oxygen 
necessary for combustion. The size of the double iron pyrites 
kiln should be 13 feet long, 7 feet 4 inches wide, and 8 feet high, 
and each furnace should be 5 feet in diameter, and of an octagonal 
form, lined with fire-bricks. Above the charging-door for the 
mundic, resting on two or three bars, is a tray, made of iron or 
copper, 4 feet 6 inches long, 3 feet 6 inches wide, and having a 
rim round it three or four inches deep. This is so placed as to 
enable the air and acids to pass freely out of the top of the furnace 
into a vitriol chamber, which is placed over the kilns. The vitriol 
chamber should be 160 feet 6 inches long, 11 feet 3 inches wide, 
and 0 feet deep, divided into three compartments, technically called 
“bottoms." The acid in that compartment nearest to the kiln 
being impure, should be kept apart, but the acid in the second 
and third compartments wili be found to contain good vitriol. 
These pair of kilns will be found capable of producing two tons of 
copper per diem, by means of mundic, and, at the same time, of 
three tons of vitriol of a specific gravity of 1*847. The copper ore 
being broken into pieces, about the size of walnuts, is put into the 
tray by means of a shovel or hopper (the furnace being charged 
with iron pyrites and previously kindled). After a lapse of six 
hours the other kiln is to be charged in like manner, and so on 
alternately. For every 8 cwt. of mundic ashes withdrawn, add a 
charge of 10 cwt. of mundic containing 40 per cent, of sulphur, as 
for every 32 parts of sulphur it loses, it gains only 12 parts of 
oxygen ; but in copper ores, if the process is carefully completed, 
it gains as much in oxygen as it loses in sulphur ; some copper ores 
it is stated will gain as much as four per cent. About If cwt. of 
ore should be placed in the tray, and the charge should be spread 
out into a body of from one to two inches thick, which should be 
turned over now and then, in order that every part of it should be 
exposed. After being submitted to the process for one hour, it is 
to be turned into a leaden cistern, supplied with hot water from 
the cooling cisterns underneath the kilns, to undergo the process 
of lixiviation. The tray is then again charged with ore, and the 
process is continued. It requires two roastings and lixiviation by 
the electro-metaUurgic process to obtain the pure copper. Another 
method of calcination is, when the pulverized copper pyrites are 
exposed in the tray, pour upon them a hot solution of nine parts 
of saltpetre, and eight parts of oubic nitre, or 16 per cent, of salt- 
petre and 10 per cent, of vitriol, or equal quantities of saltpetre 
and vitriol to half the quantity of the ore. By this system, the 
deutoxide of nitrogen, necessary for making vitriol on a large 
scale, is separated, and the oxidation of the -ores accomplished. 
The patentee claims— First, the roasting separately common ores 
of copper and other metals, by exposing them in an open vessel in 
a mundic-kiln, so that the vapours shall freely mix with the vapours 
of combustion of the iron pyrites, and be condensed at the same 
time in the vitriol chamber. Secondly, the separating simulta- 
neously the deutoxide of nitrogen, for the vitriol chamber, with tbs 
oxidation of the ores, by saltpetre or cubic nitre. Thirdly, the 
supplying the vitriol chamber with steam, by using saltpetre or 
cubic nitre ; and, fourthly, the action of sulphuric acid upon the 
ores, either before or after they have been freed from the sulphate 
and arsenic of potash and soda. 
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ROTARY ENGINES. 

Israel Kinsman, of Ludgate-hill, London, merchant, for “ Im- 
provements in the construction of rotary engines , to be worked by steam , 
atr, or other elastic fluid.** (A communication.)— Granted Novem- 
ber 11, 1847 ; Enrolled May 11, 1848. 

Thejmncipal feature in this form of rotary engine is a “ piston 
wheel, provided with any desired number of pistons upon its 
periphery. The pistons are formed radially from the centre of the 
piston-wheel, and bear and work against the interior of a stationary 
cylinder. From the curved periphery of the piston-wheel to the 
interior of the stationary cylinder, there are stops which pass into 
the cylinder, the ends of which bear against the periphery of the 
piston-wheel or the pistons, and thereby render that portion steam- 
tight. The peculiar form of the pistons enables the stops gradually 
to recede from the interior of the cylinder until they become flusn 
with the interior surface of the cylinder, and thereby allow the 
pistons to pass them without obstruction. Immediately that a 
piston has passed a stop, the stop is again projected into the 
cylinder to act as a surface, against which the steam acts to propel 
the piston-wheel forward. The patentee claims — first, the em- 
ployment of the piston-wheel, upon which the number of pistons 
shall always be one more than the number of steam-stops on the 
cylinder, there being one steam-port and one exhaust-port to each 
steam-stop ; the steam acting upon one or more pistons at the 
same time. Secondly, the mode of moving the slides or steam- 
stops by a cam or cams, corresponding in form to the periphery of 
the piston. Thirdly, tne connecting all the steam-ports with the 
steam-pipe, so that steam shall have access to the cylinder at the 
same time, by the pistons passing the ports. Fourthly, the con- 
necting all the exhaust-ports with the main exhaust-pipe, so that 
steam may be exhausted from all the ports of the cylinder at the 
4ame time by the pistons passing the ports. Fifthly, the connect- 
ing all the ports with the steam-pipe, by a branch-pipe provided 
with a suitable shut-off valve, and also connecting all the exhaust- 
ports with an exhaust-pipe, by a branch-pipe, also provided with a 
suitable shut-off valve. Sixthly, the mode of packing the pistons 
by means of a central metal-piece acting against two side pieces, 
having bevelled edges. 


COMBUSTION OF FUEL. 


ton and a bottom vessel connected together by these rows of verti- 
cal pipes or tubes, through the interior of which there is a com- 
munication between the vessels. From these vessels pipes commu- 
nicate to warm apartments, buildings, or to other similar apparatus. 
The rows of vertical pipes or tubes connecting the vessels are 

E laced immediately at tne back of the fire-place, the flame and 
eated air passing amongst them in its way to the chimney in front 
of the rows of pipes ; and between the fire-place and the pipes are 
bars for the purpose of preventing the fire from acting immediately 
against them. These Dars are placed in vertical positions ; the 
horizontal section being convex in front against the fire and angular 
behind next to the pipes, they prevent the contact of the fire with 
the pipes ; these bars may be composed of fire-clay or of metal, 
but the patentee prefers the former. Above the fire-place, the 
front of tne flue or chimney is perforated or pierced with a number 
of small apertures, for the purpose of admitting air to assist the 
action of the apparatus. 


MANUFACTURE AND PRESERVATION OF TUBES. 

Piere Armand le Comte de Fontainemoreau, of South-street, 
Finsbury, for “ certain Improvements in the process and machinery 
for making , uniting , and preserving metallic and other tubes or pipes. 
Granted November 18, 1847 ; Enrolled May 18, 1848. 

The specification of this invention is extremely minute in 
describing the different processes of manufacturing and preserving 
pipes, and the patentee claims seven distinct improvements, the 
enumeration of which claims will give a general idea of their 
character. The invention consists, first, in making and uniting 
metallic pipes simultaneously, by acting over the top or head of 
the rivet. Secondly, soldering, laterally, galvanised iron, leaden, 
and tinned pipes, (either riveted or clasped,) by means of a long 
thread or fillet of solder. Thirdly, uniting metallic pipes by means 
of a certain improved clasp. Fourthly, uniting metallic pipes by 
inserting in the clasps employed for the purpose certain compressi- 
ble substances for preventmg the escape of gas and fluids, fifthly, 
uniting metallic pipes, by using a nelix for elbowing without 
flattening the leaden elbow. Sixthly, preserving metallic and non- 
metallic pipes by the application of resinous matters, fatty bodies, 
and chalk. Seventhly, in the process of preserving iron and cast- 
iron pipes from oxidation by means of galvanic action. 


Richard Coad, of Kennington, Surrey, chemist, for u Improve- 
ments in the combustion of fuel and in applying the heat so obtained** 
Granted November 25, 1847 ; Enrolled May 25, 1848. 

The object of the first part of this invention is to divide the 
gases and the smoke resulting from the combustion of fuel in the 
furnace into numerous small streams, by causing them to pass 
through apertures in the heated fire-bricks or lumps before they 
pass into the chimney. The great heat of the fire-bricks thus 
effectually ignites the unconsumed gases and smoke. The fire- 
lumps enclose the fire-place at the sides, the end, and at the top, 
through the whole of which are made the apertures or openings 
which open to the general flue common to all. There is also an 
aperture .over the fire-door to be regulated at pleasure, for the 
purpose of admitting a supply of atmospheric air in a heated or 
other state above the fire-bars for assisting the combustion of the 
fuel and the gaseous products. The second part of the specification 
relates to reverberatory furnaces, and consists in supplying through 
numerous apertures in the sides and the ends of such furnaces 
above the nre-bars, any requisite supply of atmospheric air in a 
heated or other state, for the purpose of more effectually accom- 
plishing the combustion of the fuel in the fire-place, — the mode 
of construction described by the patentee being to form a passage 
or channel around three sides of the furnace, the fourth being open 
to the hearth of the furnace ; this passage or channel is formed 
within the brickwork of the furnace. The portion between the fire- 
place and the passage being of fire-bricks or lumps, it is through 
these fire-bricxs or lumps that the apertures are made through 
which the supply of air is admitted from the passage to the fire- 
place above tne fire-bars. The patentee states he is perfectly 
aware that atmospheric air has before been admitted into various 
descriptions of furnaces above the fire-bars ; but it has not hitherto 
been so employed and admitted with respect to reverberatory fur- 
naces. The third improvement noticed in the specification relates 
to a more effectual and more economical arrangement of apparatus 
for the heating of water, and for the warming of rooms or buildings. 
This improvement consists in the mode of arranging the bars at 
the back of the grate or fire-place to prevent the fire from lying 
immediately against the tubes containing the water. There are a 


CASTING WROUHT-IRON. 

William Rocke, of Dudley, Worcestershire, for “a new mode 
of treating and applying wrought-iron.** — Granted November 18, 
1847; Enrolled May 18, 1848. 

The object of this invention is to obtain the form required 
which the facility of casting affords, retaining at the same the 
qualities of wrought-iron. Having previously prepared the 
moulds in a similar manner to that adopted in the moulding 
articles when made of cast-iron, the meltea wrought-iron is to be 
run into the mould. The articles are then of a brittle nature, and 
deficient of malleable properties, to impart which the patentee next 
proceeds to treat or anneal them in an annealing furnace. For 
this purpose the articles are piled in an iron box lined with fire- 
bricks, leaving sufficient room to surround the articles with a 
quantity of Cumberland red ore, or other iron ore, or charcoal 
reduced to a fine powder, the articles being so completely covered 
as to prevent all admission of the air. In this state they are to be 
subjected to the required heat for a sufficient length of time to give 
the required malleability, in which great care must be observed 
by the workman, and until he has sufficient practice to perform it 
without, it is advisable to employ a small bar or trial-rod composed 
of the same metal, which may be withdrawn from time to time, to 
ascertain the state of the iron and detect the completion of the 
process, when the articles may be removed. When the density 
and close compactness of texture obtained by the use of wrought- 
iron is not required, he mixes a proportion of cast-iron therewith, 
according to the quality or texture of metal necessary for the 
article proposed, but in no case to exceed the weight of wrought- 
iron used ; and when it is necessary to impart to the articles 
manufactured the nature and temper of steel, he mixes with the 
wrought-iron a portion of cast-steel, but in no case to exceed the 
weight of wrought-iron employed. These mixtures of wrought 
and cast iron, or wrought-iron and cast-steel, being melted, are to 
be cast in moulds, and treated or annealed in the same manner as 
that described for the manufacture of articles entirely of 
wrought-iron, when they will be found to have acquired the m&i- 
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leable properties required. The patentee does not claim as of his 
invention the melting of wrought-iron, this having been practised 
already to a limited extent ; but he claims the treating and apply- 
ing wrought-iron by melting the same by itself, or with a mixture 
of cast-iron or steel, and the reproducing malleability in the 
castings of the molten iron by annealing them in the manner de- 
scribed. 


INLAYING METALS. 

Cyprien Marie Tessie Du Motay, of Paris, for M Improvements 
in inlaying and coating metals with various substances.”— Granted 
November 4, 1847 ; Enrolled May 4, 1848. 

The specification of this patent is exceedingly verbose, and it 
consists of fifteen articles, showing different modes in which the 
invention may be applied. The object of the invention is to pro- 
duce ornamental designs on various articles, by depositing metal 
thereon after the articles have been properly prepared by marking 
or cutting out the intended design; and which articles, when 
finished, nave the appearance of being richly ornamented with 
inlaid work. This method of ornamenting, by inlaying in metal, 
is known in France as “ damasquinerie” 

The work produced by this invention is very durable, and not 
liable to be worn away by cleaning or friction ; it being quite equal 
in solidity to the inlaid work produced by the ordinary means, 
and even superior in point of finish. 

Before depositing the metals intended to form the design, the 
patentee commences by producing designs, either in intaglio or in 
relief, upon the body of the article to be ornamented, those parts 
where no metal is to be deposited being; coated with a varnish. 

When an inlaying of one metal only is required, the patentee 
proceeds as follows : — The metal is first cleansed, and then im- 
mersed in a bath of the metal, to be deposited by the galvanic 
current. When the metal has been deposited to a thickness equal 
to the depth of the hollow parts of the design, it is withdrawn 
from the solution and washed in water, and dried with sawdust, or 
by any other convenient means, and the damaskened surfaces are 
laid bare, by means of freestone, or by filing, scraping, or by any 
other meanB which will remove the layer or superfluous metal, in 
order to uncover the inlaid or damaskened work. 

Damaskenes or inlaying in several metals may also be produced 
by means of pressure. For this purpose, a piece of metal, with an 
even surface, is covered without soldering, either by immersion or 
by electro-deposition, with several coats of different metals ; each 
of these layers is of a certain thickness, according to the depth of 
the parts of the die which are in relief. The last coating being 
deposited, the piece is to be withdrawn from the last solution, 
washed, and wiped dry. When dry, it is to be submitted to the 
action of pressure or stamping by means of dies or matrices, the 
intaglio parts of which are of equal depth and the reliefs df dif- 
ferent heights, or reliefs of equal heights and intaglios of various 
depths. These must be calculated in such a manner, that, by 
reason of the penetration of the projecting parts of the die to a 
greater or less depth, the layers of metal (being, in certain parts, 
thereby driven to greater or less depths) may, on the surface being 
laid bare, be of the same level as the inlaid surface. 

In order to produce devices or ornaments to be inlaid in wood, 
marble, &c., by the ordinary means, the patentee proceeds as fol- 
lows : — He takes a plate or sheet of any metal, and coats it, first, 
with a layer of copper, of suitable thickness ; then with a coating 
of zinc ; and upon that another of copper : and so on until the 
desired thickness is obtained. As the successive coats of metal 
entirely coyer the tin core, parallel layers of metal are thus ob- 
tained, which differ from each other, both as regards the different 
kinds of metal and their various thicknesses. On cutting the 
sheet thus produced into thin strips, in the direction of its thick- 
ness, designs will be produced consisting of parallel lines of tin, 
copper, and zinc. With regard to other devices or ornaments, 
such as roses, stars, circles, &c., these can be produced by taking 
a metal core, of a certain length, either solid or hollow, and of the 
form desired to be produced, and coating it with successive and 
alternate layers of different metals ; and when these deposits have 
been made to the required thickness, they are cut into thin discs. 
If the core, of whatever form, or metal, be solid, the parallel layers 
of metal will only be on its outside ; but if it be hollow, they will 
also be inside, as the metal will be deposited on both sides. 


HYDRAULIC LIFTING-JACK. 

Registered by Mr. Simmons, and Manufactured by Messrs. Thorn- 
ton and Sons, of Birmingham. 

Under the head of the proceedings of the Institution of Me- 
chanical Engineers a t 
Birmingham, in the 
Journal for March last 
(page 87), we gave a 
short account of this 
jack, and now’ are en- 
abled to give an en- 
graving of it, which 
better explains its use. 
It is stated by the in- 
ventor, that one man 
with the jack can lift 
from 15 to 20 tons. 

A is a hollow vessel 
forming the base of- 
tlie jack, and also a » 
reservoir for the w’ater. 
B, the cylinder ; C, the 
ram ; D, the pump ; E, 
the plunger ; F, the , 
slide ; G, the pump- 
levers; H conical pointed 

S in ; I, a small air-tap. 

efore using the jack, 
tighten the pin H, 
and open the air-tap 
I. When it is requi- 
site to lower the 
weight, slacken the pin 
H. When the jack is 
not in use, close the 
air-tap I. Should the 
water" get too low, 
take out the tap I, 
and fill the cistern 
when the ram is down. 
The ram can be pressed 
down by hand when 
H is slack. 



the pin 1 


Scale, 2 inches to 1 foot. 

For the purpose of increasing! the leverage of the pump-lever 
G, an iron bar about 8 feet long, with a socket at one end, is 
fitted on to the lever fi. 


Mr. WHISHAW'S TELEGRAPHIC INVENTIONS. 

We were present in the course of last week at a private view of 
the numerous contrivances invented by Mr. Whishaw for tele- 
graphic communications. A great part of these inventions apply 
only to the communications at short distances, and of these an 
improved speaking tube is the most readily available. The im- 
provements consist in using gutta-percha tubes of various diame- 
ters, and in applying removable whistles at each end, to afford a 
convenient means of calling attention when a communication is to 
be made. In a tube, two hundred feet long, coiled round so that 
the two extremities were near each other, the facility with which 
sound is transmitted was very strikingly exemplified. The slight- 
est effort of the breath sounded a whistle instantaneously, and by 
blowing at one end, a musical instrument was played at the other 
as readily as if it had been applied to the mouth. 

The chief peculiarity of the telegraphs exhibited, is the applica- 
tion of moveable “ codes" to the face of the same instrument ; 
each code consisting of all conceivable questions and answers on 
any given subject. The fixed dial contains the letters of the al- 
phabet, the titles of the codes to be referred to, and several ques- 
tions and answers of common occurrence, or most likely to facili- 
tate the communications. The index of the dial may be moyed by 
electrical agency or, for short distances, by mechanism^ to be 
worked by the hand ; and when the subject matter contained in 
any of the codes is to be communicated, the operator causes the 
index to point to that code marked on the dial. The codes are 
printed on large card-boards, and haye circular apertures in the 
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centre, through which the index and dial can be seen when placed 
on the instrument. The questions and answers are printed radi- 
ally, so that a great number are contained within the range of the 
index in its circuit ; and as it stops at any one, a whole sentence 
may be at once indicated. Should any word not on the code be 
required, the index is made to point to the word “ spell,” and 
afterwards it indicates the letters of the alphabet that form the 
word to be communicated. One plan of operating is by water- 
level indicators, the water in two vertical tubes being elevated or 
depressed till it stops at the signal wanted. Another telegraph, 
which however requires great delicacy in the manipulation, con- 
sists of two chronometers, each of which has a long seeond hand 
pointing to radially-placed words and sentences on the diaL It is 
essential to the accuracy of the working, that the two chronome- 
ters should move sychronously, for if there be the least deviation, 
it would transmit incorrectly. Supposing that the hands on the 
two dials at a distance from each other, are always pointing to the 
same words, in their revolutions,— whenever the transmitting 
instrument points to the sentence required, the operator is in- 
stantly to sound a bell at the distant station by means of electri- 
city ; and the observer there must notice at what sentence the 
hand is pointing when the bell sounds. If both operators be not 
very prompt in making and observing the signals, a wrong message 
would be communicated. This difficulty, however, Mr. Whishaw 
thinks may be overcome, and he has had much practical acquaint- 
ance with the difficulties in working telegraphs during a connec- 
tion of 9ome duration with the Electric Telegraph Company. 


THE “ART-JOURNAL” wr*m ARCHITECTURE. 

Not content with excluding architecture, and all notice of it 
from his columns, although he brings mere industrial art, as it is 
called, prominently forward, showing numerous specimens of it in 
every number of his publication, the majority of which are calcu- 
lated to diffuse exceedingly bad taste among the public, — the 
editor of the Art-Journal appears anxious to get architecture 
thrust out of the Royal Academy. Some short time ago , he pro- 
tested against architects being elected members of that body ; and 
he now tells us that architectural drawings have “ no business " to 
be in its exhibitions. This is very much like saying that there 
ought to be no exhibitions anywhere of such productions— the 
Academy's being the only one where they are admitted. It is to 
be hoped, however, that this marked insult will now arouse archi- 
tects, more especially the leaders in the profession, and those who 
are members of the Academy, to a sense of their duty, and of 
what they owe, if not to themselves personally, at least to their 
brethren. Should it not do so, they must be lethargic indeed ; 
and will fully justify at least one-half of the Art-Journal* 8 opinion, 
by showing that at all events they have “no business” in the 
Academy. 

What is the Professor of Architecture about, that he can pa- 
tiently put up with the present stats of matters with regard to 
architecture at the Academy ? Hardly can he be ignorant of it, 
or not perceive how greatly it calls for correction ; nevertheless, he 
makes no effort at all to correct it. Had he bestirred himself at 
all, we should of course have heard of H ; moreover, if he had, and 
had done so ineffectually, we should have heard of his resignation,— 
which would be far more honourable to him than is the making 
himself a cypher, — not orily without influence, hut without even 
so much as a tongue or a voice. 

Whatever — if any at all — the emoluments attached to the Pro- 
fessorship of Architecture may be, they cannot be such as to be of 
any moment to Mr. Cockerell. So long as the situation confers 
honour on him who holds it, it is worth having, whether any emo- 
lument at all be attached to it or not. nut rather quite the 
reverse of honour attends it, when he who holds it is expected to 
sit by very tamely, and see all kinds of slights and affronts put 
upon architecture, without so much as attempting to check them. 

There is, indeed, no danger of either the Professor or the Aca- 
demy being called to account fur the dereliction of their duty in 
regard to architecture, by the public press — that is, the newspapers ; 
architecture being the very last thing of all to excite their atten- 
tion or engage their sympathies. Yet if they, therefore, think 
that they are released from all responsibility to public opinion, and 
that their conduct excites no animadversion in other quarters, they 
are very much mistaken. 

As to the editor of the Art-Journal he ought to be hanged — in 
^Bgy, at least— by the architects. But, somehow or other, archi- 


tects invariably show themselves to be the most pluckless race 
imaginable. Whenever their own personal interests are touched, 
or at all endangered, they are generally sensitive enough; hut 
when it is only the credit of their art and their profession that is 
concerned, they show themselves to be the most torpid and 
sluggish of mortals. 

Zbbo. 


THE DISPUTED INVENTION OF TUBULAR BRIDGES* 

We regret to perceive, now success has attended the bold 
experiment of constructing tubular bridges, that attempts are 
being made to deprive Mr. Robert Stephenson of the merit so 
justly his due, as tne original designer of the plan, and the super- 
intender of its execution. Mr. Fairbairn, who, with Mr. Eaton 
Hodgkin son, assisted Mr. Stephenson in working out the design, 
claims to have the merit of all hut the “ original idea and he 
maintains that the working out of the idea ana the development of 
the principle, as well as the greater portion of the construction, 
are the results of his labours. He states, also, that the original 
idea of Mr. Stephenson was a cylindrical tube, to he supported 
by chains ; whicn plan, he says, can be proved would never have 
succeeded ; and that it was only by a long series of inductive rea- 
soning, founded on experimental research, of which he claims the 
exclusive merit, that the present strength and form of the Conway 
and Britannia tubular bridges were established. 

It is of great importance not only to Mr. Stephenson, but to 
civil engineers and inventors in general, that these claims of Mr. 
Fairbairn should be estimated at their proper value. The original 
idea of overcoming the difficulty of taking the railway across the 
Menai Straits, by the construction of a tubular bridge, is admitted 
to be due exclusively to Mr. Stephenson. Mr. Fairbairn and Mr. 
Eaton Hodgkinson were employed by him to assist in its construc- 
tion, and to make the experiments necessary to determine the best 
form for obtaining the requisite strength. He must, of course, 
have expected, from their known skill and experience in the 
strength of materials, that they would be able to afford important 
assistance in devising the means adapted to overcome the difficul- 
ties which such a novel structure necessarily presented. The 
experiments they made were subject to Mr. Stephensons approval, 
and may be said to have been conducted under his superintendence. 
The mode of making them would however, for the most part, be 
necessarily entrusted to Mr. Fairbairn and Mr. Hodgkinson ; who 
were not employed as mere mechanical agents, to act strictly under 
directions, but as practical men of science,— expected to bring 
their skill, ingenuity, and mathematical knowledge to hear on the 
important work entrusted to them, and to arrange the details by 
which Mr. Stephenson's invention could be best carried into effect. 
That Mr. Fairbairn has amply fulfilled what was expected from 
him, and has, under Mr. Stephenson's superintendence, completed 
the task ably, skilfully, and successfully, is a great merit, of which 
he may weft be proud. Beyond this, he ought not to wish to 
carry his claims. Not only the original idea of tubular bridges, 
but a mode of carrying it into effect, unquestionably belong 
to Mr. Stephenson. Whether that was the best mode, was to be 
determined by experimental researches ; and the result led to an 
improvement in tne means first devised. This is the general and 
almost necessary course in the perfection of any invention ; and 
whether the inventor carry on the experiments entirely by himself, 
or whether he obtain the assistance of others in perfecting his 
invention, does not affect his claim as the original inventor. It 
appears to us that a machinist or a draughtsman might, with 
nearly equal pretension, claim to he the inventor of an apparatus, 
or the architect of a building, — because he had succeeded in 
making the machinery, or in completing designs from outline 
Ians,— as Mr. Fairbairn can claim to be the inventor of tubular 
ridges. We trust that, for the sake of his own reputation, he 
will be satisfied with the merit acknowledged to be nis, and not 
persist in claiming more. 


Floating Tunnel acrott the Ckam *e&— One of. the most extraordinary plans 
submitted for approval to tha French Academy of Sciences it that of M. 
Ferdinand, engineer, who proposes to construct a floating tunnel from Calais 
to Dover, for the wires of the electric telegraph, and large enough to be 
traversed by small locomotives, for the conveyance of passengers. The plan 
was referred to one of the members of the Academy for examination. 
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ON CHEMICAL AND ELECTRICAL FORCES. 

By Professor Faraday. 

Professor Faraday has this season delivered a course of seven lectures at 
the Royal Institution, “ On the Allied Phenomena qf the Chemical and Elec- 
trical Force s.” The last leoture of the course was given on Saturday, the 
I7th ult, and we now subjoin a brief sketch of the whole, showing the 
mode in which the subject was treated, and describing the principal expe- 
riments by which it was illustrated. 

The first lecture was devoted entirely to explanations of the character 
and illustrations of the nature of chemical force, commencing with its 
simplest forms. In the first place, Professor Faraday explained the dif- 
ference between mechanical force, or the foroe of gravitation, which pro- 
duces molecular action and aggregation of masses, and the action of 
chemical force, which takes place among the particles of matter. At the 
same time as be entertains the opinion that all forces are closely allied, if 
not identical, he showed several experiments in which chemical action is 
effected by mechanical foroe, of which the explosion of fulminating powder 
by percussion afforded an example. The illustrations of chemical action in its 
feeblest form, be showed to be closely allied to mechanical force, as the ag- 
gregation of the particles of water, he bald, depends on the same force as 
the most energetic chemical action ; the difference between them being 
only in degree. As an illustration that chemical action takes place during the 
mixing of fluids, he poured some spirits of wine gently on to the top of 
water in a glass vessel, into which a long tube was inserted. The vessel 
and the tube being quite filled, he inverted the apparatus, to mix the spirits 
of wine with the water, when contraction in the volume of fluid was 
manifest by the tube being no longer full. Among other exemplifications 
of chemical action, were the solidification of two gases (muriatic acid gas 
and ammoniacal gas) on being mixed, and the conversion of two limpid 
liquids (carbonate of potass and muriate of lime) into a white solid mass. 
The results of chemical action, Professor Faraday observed, are the pro- 
duction of compounds distinct from, and frequently quite dissimilar to, the 
original substances that enter into combination. To show in a striking 
manner the difference between a mixture and a compound, be mixed to- 
gether some copper and iron filings, and then separated the iron from the 
copper by means of a magnet ; whereas in a chemical compound, no me- 
chanical force can separate the combined particles, and they can only be 
resolved into their original elements by the chemical action of some more 
energetic agent. Though the original substances that enter into chemical 
combination seem to be entirely lost in the resulting compound, yet there 
is no destruction nor any alteration in the elements, nor is there any 
creation or destruction of power produced by the combination. Professor 
Faraday Illustrated the reproduction of the elementary substance of a 
compound after it bad been apparently destroyed, in the following manner. 
He put some iodine into a glass flask, which, on being heated, emitted the 
purple or violet-coloured fumes peculiar to that substance. He then added 
zinc and water to the iodine, when a combination took place, in which the 
properties of the iodine were apparently lost, and by no application of 
heat could the violet fumes be produced. On tbe addition of sulphuric 
acid, however, the iodine was set free from its combination with the zinc, 
and its fumes were again perceptible. That there is no destruction or 
change in the particles of matter produced by chemical action is generally 
admitted, but the Professor observed, that some philosophers still cling to 
the notion that there is a creation of power, as exhibited in electricity ; 
but this opinion, he maintained, is not founded on foot, for there can be no 
creation of power without the creation of matter. 

In tbe second lecture tbe consideration of the different actions of chemi- 
cal force was resumed in the commencement, and then its gradual transition 
into electrical force was developed. In the first place, the Professor 
pointed out the difference that exists between the force of gravitation and 
chemical force in the relative constancy of their actions ; for whilst gravi- 
tation never ceases to act at any moment, chemical affinity, on the contrary, 
often lies dormant for ages, until circumstances arise that bring it into 
action. Several experiments were performed to illustrate this, and also to 
show that the results of chemical action may be reversed by varying the 
temperature and the other conditions under which it takes place. A 
mixture of nitrous and oxygen gases, for example, produces no change on 
either litmus or turmeric paper, but when a stream of those mixed gases 
issues into the atmosphere at the ordinary temperature, a piece of mois- 
tened litmus paper exposed to the current is reddened, thus proving the 
presence of an acid. When the same stream of mixed gases is heated, 
the previously reddened litmus paper is restored to its original blue colour, 
and turmeric paper is turned brown, showing that the directly opposite 
property has been given to the gases, which then become alkaline instead of 
acid. When approaching to those chemical actions which are ac- 
companied by the development of electricity. Professor Faraday first ex- 
hibited tbe solution of copper by an acid, and its reproduction in a metallic 
form on pieces of iron and zinc, which metals having a greater attraction 
for the acid that held the copper in solution than the copper itself, entered 
into combination with the acid and liberated the copper. He afterwards 
exhibited the action of oxygen and zinc, by first pouring some diluted sul- 
phuric acid on a piece of that metal, which decomposed the water by at- 
tracting its oxygeo, with which it entered into combination, and liberated 
the hydrogen as gas. On introducing a few shillings into the glass, the 
vigour of tbe action increased, and the decomposing power of the zinc 
seemed to be transferred to the silver, from which metal copious streams of 


hydrogen gas arose. A more obvious exhibition of the extension and 
transfer of chemical action from one metal to another was effected by the 
deposition of copper on silver from a solution of the sulphate of copper. 
When a piece of silver is immersed alone in a solution of sulphate of 
copper, no action whatever takes place, and it might so remain for any 
length of time without sensibly decomposing the solution ; but as soon as 
a piece of zinc or iron is brought in contact with the silver iu the solution, 
the copper is deposited on the silver as readily as on the zinc ; and when 
the latter is amalgamated with quicksilver, tbe effects of decomposition are 
transferred entirely to the silver, and none of the copper is deposited on 
the amalgamated zinc. This effect is equally produced, whether the two 
metals are brought into contact in the solution, or whether connection be- 
tween them is made by a wire, through which the action is readily trans- 
mitted. A new class of phenomena is brought into play by this exhibition 
of chemical force in dissimilar metals. When the wire that connects the 
two pieces of metal is made to pass over a suspended magnetic needle, the 
needle is deflected on one side, and by expanding the surfaces of the 
metals sufficient power is obtained to make a wire red hot The deflec- 
tion of the needle at any part of the connecting wire where it may be placed, 
shows that the action occurs along the whole course of the wire, and exem- 
plifies one of the positions which the Professor wished to establish, viz., that 
the distant and local actions are identical. This new class of phenomena, 
Professor Faraday said, was, in his opinion, attributable merely to another 
exhibition of chemical force, but he should, in deference to received usage, 
denominate it electrical force. 

The greater portion of the third lecture was occupied with the consi- 
deration of the decomposing power of electricity, in which respect itn 
action seems the reverse of Sat of chemical force. The latter power acts 
by the affinities of the particles of one substance for those of another, and 
the results of its action are the formation of new compounds ; electrical 
force, on the contrary, resolves compound bodies into their elements, and 
may act at a distance from its exciting cause. Numerous illustrations of 
the decomposing power of the voltaic battery were afforded, one of the 
most curious of which was the decomposition of muriatic acid by the 
following arrangement : — A glass vessel was divided into three comparts 
meats by diaphragms of blotting-paper, and filled with diluted muriatic 
acid, — the acid in the two end compartments being coloured with indigo. 
When the wires from the negative and positive poles of the battery were in- 
serted in the two coloured divisions of the vessel, the muriatic acid became 
decomposed, the chlorine passing to one end, and the hydrogen to the 
other ; which effect was rendered visible by the bleaching of the liquor in 
the end to which the chlorine was determined, whilst the middle compart- 
ment, through which tbe current force must have passed, remained un- 
changed. The decomposition of iodide of potassium afforded a striking 
example of the rapidity with which decomposition takes place under the 
influence of electricity. Across a piece of paper, wetted with a saturated 
solution of iodide of potassium, Professor Faraday drew rapidly one of the 
wires from the battery, when a strong brown mark was left, showing that 
the iodide had been decomposed. By pressing a coin on paper similarly 
prepared, and then touching it instantaneously with the wire of the battery, 
an impression of the coin was left on the paper, caused by the decomposition 
of the iodide where the parts most in relief had touched the paper. The 
amount of decomposition is, in all cases, proportionate to the current force ; 
and though chemical decomposition does not take place excepting when the 
current is interrupted, yet the power is always active in its circuit through 
the connecting wires. The deflection of a magnetic needle, when placed 
parallel to the conducting wire, was adduced as a proof that the power 
exerts an influence at every part of the circuit, and the plates of the vol- 
taic battery were sbowu to have the same power as the conducting wire, 
in deflecting the suspended needle from its ordinary position of north and 
south. This current of force throughout was noticed by Professor Fara- 
day as one of the many instances in which electrical force differs in its 
action from chemical force, which is always local, though the two forces 
are really identical. The constant evolution of electricity, when we least 
suspect the presence of such an agent, was curiously exemplified by cutting 
a raw beef-steak with a steel knife and a silver fork, the knife and fork 
being connected by wires with a voltameter. As soon as the knife touched 
the meat, a current of electricity was evolved sufficient to deflect the 
needle of the voltameter. A cooked steak, peppered and salted, produced 
a still more powerful effect on the needle. 

In the fourth lecture the alliance between the chemical and electrical 
forces exhibited in the evolution of light and heat, formed the principal 
point to which the Professor directed attention, and he illustrated the 
subject by numerous brilliant experiments. The light and heat produced 
by violent chemical action, of which a burning candle is a good example^ 
form no essential part of the action that takes place among the combining 
particles, but are merely transient phenomena resulting from the activity of 
the combination. In the Bame manner, the light and heat evolved during 
oombustion of substanoes by the voltaic battery, are the results of the com- 
bination of the zioc plate with the oxygen of the exciting liquid. To ex- 
hibit the voltaic light the lecture-room was darkened, and then pieces of 
charcoal were exposed to the action of the battery. The intensity of the 
light thus evolved was contrasted with the flame of an argand lamp, which 
was scarcely perceptible in the overpowering splendour of the voltaic 
spark. The combustion of silver-leaf, of iron- wire, of platinum, and of 
mercury, formed other dazzling exhibitions of the heat and light evolved by 
the voltaic battery, when the two poles were brought into contact with tbe 
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metals. The heat thus generated is owing, Professor Faraday observed, 
to the passage of electricity through the substances acted on, and to the 
resistance they offer to its passage, for when the conductors are sufficiently 
large and perfect to afford a free passage to the electricity, no effect of heat is 
observable. A very curious experiment in illustration of this property of 
electricity was exhibited. In a glass vessel full of distilled water the 
charcoal points from the opposite poles of the battery were introduced, and 
when they were brought near to each other a most brilliant light was 
evolved under the water, dimmed only by the bubbles of steam generated 
by the heat. The water being an imperfect conductor of electricity, 
offered sufficient resistance to its passage to briog into action the heating 
and light-giving powers of the voltaic battery ; but when it was afterwards 
made a better conductor, by mixing sulphuric acid with it, the effect was 
greatly diminished. In the preceding lecture, Professor Faraday showed 
that wires proceeding from the opposite ends of a voltaic battery possess 
different powers in the decomposition of compound substances, and he now 
showed that their heating powers also differ ; for the copper wires from 
the two poles, on being held close to each other within a short distance of the 
ends, the one became much hotter than the other. The quantity of heat 
evolved by the action of the voltaic battery is in proportion to the amount 
of zinc oxidized, and Professor Faraday remarked there is good ground 
for supposing that the heat evolved is equal to that produced by the com- 
bustion of the same weight of zinc. Though the intensity of the light varies 
in the phenomena of voltaic electricity, just as it varies in different circum- 
stances during ordinary combustion, yet the heat remains the same in both 
cases. As an illustration of this position, the Professor directed his 
breath against a gas light so as to greatly diminish the brightness of the 
flame, yet in both circumstances, he said the heat of the burning gas was 
the same. The latter part of the lecture was occupied with the considera- 
tion of the effects of electricity on the sensitive system of animals, and it 
was illustrated by several curious experiments. The original experiment 
of Galvani with the hind legs of a frog was very successful ; for when the 
legs were placed on a sheet of platinum, and connection was made between 
that metal and a piece of zinc that touched the nerves, the muscular con- 
tractions of the limbs made them jump as far as the animal could have done 
when alive. A large live eel, in a glass jar, plunged about violently when 
the electric current from the battery was passed through the water, thus 
showing, that without any direct connection with the battery, the electric 
shock is felt by fishes when the water they swim in is made part of the 
circuit. Professor Faraday alluded to the experiment made with the 
gymnotus eleciricus at the Polytechnic Institution, from which he 
had obtained all the effects of an ordinary voltaic battery. The eel itself 
does not feel the shock it communicates to the fishes within its influence, 
though when an electric current from a voltaic battery is passed through 
the water, it exhibits as much annoyance as any other fish. The Professor 
observed that the effects of electricity on the' nerves of animals, give an 
insight into the phenomena of life, since they seem to prove that nervous 
trritability, on which the action of the muscles depend, is caused by elec- 
rical influence, though by what means the electricity is generated remains 
unknown. 

The commencement of the fifth lecture was occupied with exhibition 
of the phenomena of electricity, when the circuit is not interrupted. 
The simplest evidence, that a constant action is going on in the conducting 
wire, is afforded by the deflection of a magnetic needle, when a wire that 
connects the two poles of a battery is held over it, parallel to the direction 
of the needle. Small pieces of bent iron, resting on the wire, became mag- 
netic when the electric circuit was completed, and when the wire was 
twisted several times round a thick piece of iron, to increase the effect, 
the magnetic power became so strong, that it lifted an anvil of at least fifty 
pounds weight. The heating power of the voltaic battery, when the 
current is passing uninterruptedly along the wires, was shown by its making 
charcoal, and various thin wires red hot, in which state they would have 
remained as long as the battery continued in vigorous action. The con- 
ducting power of gold being greater than that of platinum, a fine wire of gold 
became a much brighter red by the passage of electricity through it, than 
one of platinum ; and yet, when the two wires were joined together, the 
platinum wire became red hot, whilst the gold was not perceptibly heated. 
This anomaly Professor Faraday explained, by stating that the platinum 
wire obstructed the passage of the electricity, consequently the gold wire, 
which was capable of conducting a larger quantity, did not become 
sensibly affected by the small quantity which the platinum allowed to pass. 
The increase of heat diminishes the conducting power of metals, and 
several experiments were shown, for the purpose of illustrating this pecu- 
liar property, the red beat of one part of a fine communicating wire being 
brightened when another part of the wire was cooled ; and the contrary 
effect being produced when the wire was heated by a spirit lamp. A great 
part of the lecture was occupied in explaining the two most popular 
theories respecting the nature of electricity, neither of which, however, 
Professor Faraday is inclined to adopt. One supposition is, that electri- 
city is an ethereal imponderable body, distinct from the substances in which 
it is excited, and that it is transmitted along wires, in like manner to the 
rushing of fluids through tubes ; the other, and as he observed, the more 
beautiful theory, is, that the phenomena of electricity are produced like 
sound, by vibrations. The Professor performed several experiments, for 
the purpose of showing the facts adduced in Bupport of each of these 
theories. One of the difficulties to be overcome in any theory that pur- 
ports to explain the nature of electricity, is to account for the iostantaneous 
transmission of the power, which has been ascertained to exceed the rate of 


five thousand miles in a second. In support of the first theory, it is urged 
that as there is an immense difference in the rapidity with which different 
fluids pass along tubes — water, for example, flowing slowly in comparison 
with hydrogen gas— so it is asserted that the assumed imponderable fluid 
may pass with a rapidity vastly greater than hydrogen gas. The vibrations 
of sound, however, present much greater similarity to the transmission of 
electricity. Though sound passes in air at the rate of only thirteen miles 
a minute, it passes through water four times as quickly, and through glass 
sixteen times faster than through air. There is this resemblance also be- 
tween the passage of sound and the transmission of electricity, that sound 
may be transmitted sensibly through solid bodies and become audible at 
the end. Two curious experiments were performed to illustrate this pro- 
perty of sound. A thin strip of deal was suspended from one end of the 
lecture-room to the other, and at the farther end it bore against a box. A 
tuning-fork, when struck and applied to one end of the strip of wood, 
caused the box at the other extremity to emit a loud musical sound, though 
the tuning-fork itself could scarcely be heard. In the other experiment a 
rod of metal passed through the floor of the lecture-room, and was placed 
in connection with a pianoforte in a room beneath. When the instrument 
was played, scarcely any sound was heard, until a guitar-case was placed 
on the rod, and then the notes were distinct and loud, as if proceeding 
from the guitar-case. There is a similarity also between vibrations and elec- 
trical shocks, as may be proved by striking a bar of iron when holding it 
near one of the points of vibration, the jarring sensation bearing a close 
resemblance to an electric shock. This vibratory sensation is felt yet more 
strongly when a wet striog is fastened round the waist, and some one polls 
the end of it through the fingers. 

Io commencing his sixth lecture , Professor Faraday said he was about 
to direct the attention of his auditors to a different condition of the elec- 
tric force from that in which he had hitherto considered it, wherein the 
phenomena not only differ from, but are in many respects directly opposed 
to, those exhibited by chemical action and voltaic electricity ; and yet 
the forces are the same. In the first place, he exhibited voltaic electricity 
io a higher state of tension than he had before done, by employing a water- 
battery, consisting of a great number of pairs of plates, by which ar* 
rangemeot a small quantity of electricity in a high state of concentration 
was excited. In this condition voltaic electricity nearly resembles the 
electricity excited by rubbing a stick of sealing-wax or a rod of glass. 
In the ordinary development of voltaic electricity, the effect is produced 
only when the cnrrent is passing, and ceases when it is broken ; but in fric- 
tional electricity the power may be exerted when there is no current, and 
when the source of power is withdrawn. In this respect, indeed, the 
water-battery evolves electricity resembling that of the electrical machine, 
and forms the connecting link between frictional and chemically-excited 
electricity, serving to prove that they are identical. In the first place. 
Professor Faraday showed that by touching an electroscope with only one 
of the wires of the battery, the gold leaves diverged, and continued diver- 
gent when the wire was removed, thus exhibiting the development and the 
retention of the power when there was no current passing. When the 
wire from the opposite pole of the water-battery was brought in contact 
with the electroscope, the gold leaves collapsed. To show the identity of 
the electricity thus evolved by the battery with the electricity excited by 
friction, Professor Faraday caused the gold leaves of the electroscope, 
when diverged by the battery, to be collapsed when an excited rod of glass 
was brought near, and to be made more divergent by an excited rod of 
gutta percha, or by a rod of shellac. The different means by which the 
effect is produced affords no ground for supposing the electricity of the 
battery and that excited by friction to be distinct, for what is termed fric- 
tional electricity may be excited in varieties of ways, and is, in fact, con- 
tinually being called into action, without our being sensible of its presence. 
The mere act of dusting a piece of metal with flannel was shown to ex- 
cite electricity by its causing the leaves of the electroscope to diverge. 
We can scarcely touch anything without exciting this power, which, how- 
ever minute and imperceptible in its development in these instances, is 
precisely the same force which produces the grandest phenomena of 
nature — thunder and lightning. Having given illustrations of the simi- 
larity of the forces developed by chemical agency and by frictioo, the 
Professor dwelt on the apparent differences between them. One remark- 
able difference is, that the substances by which frictional electricity is 
excited undergo no change, the metals and the glass remaining just the 
same after having developed the power as before ; whereas voltaic elec- 
tricity cannot be excited without chemical action, and an apparent de- 
struction of the zinc. Another variation in the phenomena of voltaic and 
of frictional electricity is exhibited io their conduction through various 
substances. Water, for instance, which is so imperfect a conductor of 
voltaic electricity, will readily conduct the whole quantity excited by a 
powerful electrical machine, through the moisture contained in a wetted 
silk thread. Frictional electricity is spread over the surfaces of bodies, 
and does not enter them. This property was exhibited by several experi- 
ments, the most remarkable of which were the following : — A small metal 
ice-pail was placed on an insulated stand, and then a metal ball, suspended 
by a silk string, and charged with electricity, was lowered into the pail. 
The electricity instantly diffused itself on the outside of the ice-pail, and 
there was none within ; for when the ball was again lowered into the pail 
and withdrawn, it produced no effect on the electroscope, but when the 
ball touched the outside the instrument was strongly affected. In the 
other experiment a wire-gauze vase was substituted for the ice-pail, with 
exactly similar results. When an electrical machine is excited, ever/ 
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person within sight of it is more or less affected by its influence, and a 
condition of electricty is induced in that part of their bodies towards the 
machine of a different kind from that developed by the conductor; and on 
the opposite side, or that farthest from the machine, electricity of the con- 
trary kind is induced. This induction of positive and negative electricity 
on distant bodies, leads, as Professor Faraday observed, to important 
practical consequences. He bad, he said, been often consulted by Govern- 
ment as to the propriety of having metal roofs on the powder-mills at Walt- 
ham Abbey, and he had always objected to them as dangerous, because a 
thunder-cloud might induce in the extended metal surface, an amount of 
electricity capable of discharging itself to the earth. In illustration of 
this, a large insulated metal ball, placed at a distance of two feet from 
the conductor of the machine, was brought near a jet of gas, which became 
ignited by the induced electricity passing off in a spark to the metal gas- 
pipe, though the ball was far too distant from the conductor for any spark 
to pass between them. This experiment was repeated several times, and 
each time with the same success. 

The chief point to which Professor Faraday directed attention in 
the seventh and concluding lecture was, the cause of the difference 
between the phenomena of voltaic and of frictional elecricity, his object 
being to prove that they are really identical. The marked differ- 
ence between frictional and voltaic electricity, which were dwelt upon 
so much in the preceding lecture, are caused entirely by the different 
degrees of intensity in which the force is developed, and Professor 
Faraday showed, in the concluding lecture, that, by diminishing the 
intensity of frictional electricity, the phenomena may be rendered 
similar ; the great difficulty in showing these effects being caused by the 
very small quantity of electricity that can be evolved in a given time even 
by the most powerful electrical machine when compared with the amount 
evolved by the voltaic battery. Though the machine employed was a 
plate of glass, about four feet in diameter, which yielded a rapid succes- 
sion of strong sparks five inches long, it would require about five million 
turns of the plate to produce a quantity of electricity equal to that evolved 
by a grain of water in the voltaic battery. The different appearances of the 
sparks emitted in the highest state of intensity by the electrical machine 
from those produced by the discharge of electricity accumulated in the 
Leyden jar, and the alterations the light and the length of the sparks may 
undergo by being transmitted through various media, were shown in nu- 
merous experiments. Though the rapidity of the electric spark is evi- 
dently very great, it far exceeds, in reality, the appearance to the eye, for the 
duration of the impression on the retina after the light is extinct occasions 
a prolongation of the effect. It has been ascertained by Mr. Wheatstone, 
that the duration of the light of the spark is less than the millionth part of 
a second, and Professor Faraday exhibited the mode by which this fact 
had been established. A concave mirror, placed horizontally, was made 
to revolve with great rapidity by multiplying-wheels, and when in action 
a bright light from the combustion of lime was reflected to a focus on the 
ceiling. The rapidity of the motion caused the light to form a circle, in 
the same manner as the turning rapidly round of a lighted stick or of any 
other bright object seems to form a circle, in consequence of the impression 
on the retina remaining until the effect is renewed by the return of the 
light to its former place. When an electric spark was substituted for the 
permanent light, each spark was seen separately, and no circle or prolon- 
gation of the light was produced. The velocity of the mirror and the 
number of successive sparks being known, an approximation can 
be obtained to the duration of the light. It is in consequence of 
this instantaneous duration of electrical discharges that they fail to 
produce many of the effects of voltaic electricity, and if the continuous 
action of the latter during a second could be concentrated one million times 
its effects would be tremendous. By diminishing the intensity of frictional 
electricity whilst retaining its quantity, Professor Faraday ignited gun- 
powder, which was blown away without ignition by the undiluted dis- 
charge. The following experiment afforded a good illustration of the 
different actions of frictional and voltaic electricities caused by the concen- 
tration of force in the former. A gold thread twisted with silk was 
deflagrated by a discharge from an electrical battery without injuring the 
silk, the action having been so instantaneous that there was not time to 
burn the silk, though the metal was destroyed by the heat evolved. 
When similar gold thread was exposed to the action of the voltaic battery, 
the silk was instantly consumed by the wire being made red hot, whilst 
the metal remained. The statical character of frictional electricity, Pro- 
fessor Faraday said, may be rendered current by applying a conducting 
substance to draw it off from the machine as quickly as it is excited, and 
the imperceptible effects of such a current prove how small the quantity 
of electricity excited really is, and it is only by allowing it to accumulate 
that we become sensible of its presence. The phenomena of lightning and 
thunder are owing to the facility with which Franklinic electricity can be 
accumulated, and thus reserved in store for an instantaneous discharge. 
Some specimens of the effects of lightning were exhibited on the lecture- 
table. A number of splinters from a riven oak, a branch from a mulberry 
tree, the rent and shivered handle of a bay-fork, and the partially-melted 
iron cable of a ship were displayed. The latter is such an extraordinary 
exhibition of electrical power, that Professor Faraday said nothing but 
the strongest evidence could have induced him to believe it ; the ship was 
stated to have been struck with lightning during an earthquake at Callao. 
This reodiog power of frictional electricity cannot be imitated by the 
voltaic battery, but all other phenomena of the one kind can be produced 
by the other. The decomposition of chemical compounds by the discharge 


of the Leyden jar was shown by the decomposition of iodide of potassium, 
small indeed in effect, but corresponding with the quantity of electricity 
which the electrical machine evolves. The alliance of the phenomena of 
the two electricities had been shown in the course of these lectures, 
Professor Faraday observed, by their physical effects in communicating 
shocks, by the equal rapidity of their transmission, by their decomposing 
and heating powers, and by the communication of magnetism. The di& 
ference between the two consists solely in the degree of intensity, the elec- 
tricity of the machine exciting a small quantity in a high state of intensity, 
whilst the voltaic battery evolves a much larger quantity in a low state of 
tension. Professor Faraday, taking a small flock of gun-cotton and ex- 
ploding it in the flame of a candle, observed that the chemical force thus 
instantaneously called into action was equal to the production of an 
amount of electricity greater than would be contained in 500,000 charges 
of the powerful battery of Leyden jars which he had employed to defla- 
grate metal wires and gold leaf ; and the important problem now remaining 
to be solved was, the conversion of such rapid chemical actions into current 
forces. Chemical decomposition, he said, when taking place less ener- 
getically, had been shown to evolve electricity, which became manifest 
and available as a current force by the voltaic battery, and it was quite 
within the reach of scientific discovery to render the most energetic phe- 
nomena of chemical force sources of continuous power. 


PROCEEDINGS OF SCIENTIFIC SOCIETIES. 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

May 29. — Ambrose Poynter, Esq., V.P., in the Chair. 

A paper was read “ On the Application qf Sculpture and Sculptured Or- 
nament to Architecture .'' By H. B. Garling, Ajsodate. Being the Essay 
to which the Medal of the Institute was awarded on 21st February, 1848; 
and which is given in full in our present Number (p. 201). 

June 12. — Sidney Smtrks, Esq., V.P., in the Chair. 

A paper was read “ On the Theatres and Porticoes qf Ancient Rome.” By 
the Rev. Richard Burgess, B.D. 

June 26. — A paper was read *“ On the Trtfbrium qf the Medimval 
Churches ” By the Rev. R. Willis, M.A. 

This evening's meeting closed the session. 

Next month we will endeavour to give an abstract of both the above 
papers. 


INSTITUTION OF CIVIL ENGINEERS. 

May 30.— Mr. Field, the President's Conversazione. 

The accustomed annual conversazione of the President, which was hereto- 
fore held at the residence of the President, was this year held at the House 
of the Institution in Great George- street, a change we do not approve of; as 
also the one limiting the conversazione to one evening, which led to the 
rooms being most inconveniently crowded — so much so, that many of the 
numerous models and works of art could not be seen. 

On the walls of the theatre we observed three faithful portraits, by Lucas, 
of Mr. George Stephenson, Mr. Robert Stephenson, M.P., and Mr. Bidder ; 
they were contributed by Messrs. Graves, for whom they are about being 
engraved. The Electric Telegraph Company — Mr. Bain, Mr. Brett, and Mr. 
Reid— contributed instruments exhibiting their various systems of tele- 
graphic communication, electric clocks, and electric printing. Mr. Rand's 
fly press, for raising at one blow the collapsible tubes or capsules. Mr. 
Whitworth's beautiful machine for knitting stockings was worked by a young 
girl sent up from the factory of Messrs. Ransome and May, of Ipswich, ana 
formed an attractive object. The models of greater interest were those of 
Mr. Stephenson's wrought-iron tubular bridge erected at Conway ; with that 
of his wrought-iron tubular girders for large spans. Mr. Fowler's steamboat 
floating landing stage, with its long approach over the mud banks, all to be 
supported upon Mitchell's screw piles, for the Humber Ferry. Mr. Brunei's 
excellent truss, of 110 feet span, used by him in the Somerset Bridge, on the 
Bristol and Exeter Railway. Mr. Fowler's plan for opening dr shutting 
simultaneously four gates for a level crossing on the line of the Manchester, 
Sheffield, and Lincolnshire Railway. Messrs. Taylor, Williams, and Jordan's 
model of their machine for carving by machinery ornamental objects, figures 
or groups, such as we have previously noticed. This machine, by means of 
a tracer which guides the cutting tools, is enabled to perform the most deli- 
cate and elaborate work with great speed and at a cheap rate. Messrs. Sea- 
ward and Capel contributed a large collection of models of paddle-wheels 
and screw-propellers. Messrs. Maudslay and Field also contributed an in- 
teresting series of models of steam-engines, screw-propellers, and paddle- 
wheels ; as did also Mr. Penn, of his horizontal trunk steam-engine. Mr. 
Clarke exhibited a beautiful model of the Great Britain steamer, full-rigged, 
and containing facsimiles of the engines, with the screw-propeller complete, 
and working by means of condensed air, the whole only weighing 1 o% 
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Among the remaining model*, we observed Messrs. Blake and Varley's at- 
mospheric pile-driving machine, — Mr. Varley's rotating air-pump, — Mr. S. P. 
Bidder's simple and effective coal-drops, — Mr. Dodd's rail-straightening 
machine, — Mr. 8outham's wedge and screw fix, — Mr. Thornton's improved 
hydraulic lifting-jack, — Mr. Wetberall's iron-twister, — Mr. Chrime's patent 
fire-plug valve, — Mr. Beattie's new wooden railway, with the drawing of the 
system of manufacturing it, — a model of a folding boat, of which each tide 
was made of two thickneases of water-proof cloth, filled in on Capt. light's 
principle with very buoyant reeds, rendered non-absorbent, and consequently 
rendering the boat incapable of sinking, even when full of water, and even 
when partially torn by accident. The expedition in search of Sir John 
Franklin ha* been furnished with boats of this description, in order that 
they may be easily transported across the ice, and may bear injuries which 
would destroy a wooden boat. The Gutta-Percha Company sent a selection 
of their products from the rough material throughout all its stages of manu- 
facture to the finished articles. Mr. Chubb'* safety chest and locks and 
keys, — Mr. De la Fon’s ingenious locks and bolts,— Mr. Defrie's improved 
dry gas-meter, — the new Aneroid barometers, — and numerous other inte- 
resting models and specimens. 

June 20.— -Joshua Field, Esq., President, in the Chair. 
u On Harbours qf Refuge.” By the Bight Hon. the Earl of Lovelace. 

The paper consisted chiefly in a succinct review of the Reports of the 
Commissioners on Shipwrecks and on Harbours of Refuge; giving the 
opinions of the naval officers and civil engineers on the necessity for har- 
bours, in certain situations, and the naval qualities possessed by those 
positions— -the possibility of constructing harbours in them, and the nature 
of the structures. The necessity for harbours on our coasts, capable of 
sheltering fleets from storms in peace, and the enemy during war, appeared 
to be admitted, particularly at the present moment, when the disturbed 
state of the continent and the restless character of our near neighbours 
were considered. It was stated, that, of various situations pointed out, 
that of Dover was the only one yet decided upon, although great works 
are contemplated at Portland, where, from Mr. Rend el's designs, a system 
of construction would be adopted, whiob would be both economical and 
stable, and, at the same time, would afford employment to a class of persons 
whose labouT it had been difficult hitherto to use efficiently. The various 
projects of floating breakwaters, and other artificial shelter for vessels, were 
then examined, and were generally condemned, as entirely inefficient for the 
objects proposed. 

The questions relative to the movement of sand, the drifting of the 
shingle, and the deposit of silt in Dover Bay, and other places, were treated 
at great length, and reasons given for the various forms of construction, and 
of the projects for meeting the difficulties induced by these circumstances. 

The next question was the place of the harbour, and the mode of con- 
struction of the works. After quoting all the authorities on both sides, 
including the naval officers, the commissioners, the civil engineers, and the 
scientific writers, the preference was given to a large harbour, with two 
entrances, so placed as to allow a sufficient run of the tide through it, to 
prevent any vary considerable deposit of silt, but so constructed as to afford 
shelter to the vessels within. The pier walls inclosing the harbour to be 
built vertically up from the bottom, or with a very slight inclination in their 
height, instead of throwing in masses of rubble stone, to find its own angle 
of repose, which, it was shown, was not less than four or five to one, and 
that it only attained solidity after a lapse of many years, even with a due ad- 
mixture of small materials to fill up the interstices, and after constant sup- 
plies of stone, to replace that which the seas had removed. The reports of 
Capt. Washington were quoted, to prove the failures that bad occurred at 
certain harbours in Ireland, where it was stated that the long slopes had 
been destroyed by the sea, and had ruined the harbours they were intended 
to protect. The proceedings at Cherbourg and Plymouth were followed in 
great detail, with a view to deducing arguments against the long slopes, and 
in favour of vertical sea-walls. 

The protest, by Sir Howard Douglas, in favour of long slopes, wii 
examined at great length, and the Arguments used on both aides were 
Analysed with skill and candour. 

Colonel Emy’s theory of the effects of the 44 float du fond,” was care- 
fully examined ; and, without going to the entire length that he did, it was 
Admitted, in many cases, the effects produced were as he described them, 
and that the subject, as he had brought it forward, was well worthy the 
Attention of civil engineers. 

The placing a vertical wall upon a substratum of rubble, in the form of a 
long slope, was shown to be pregnant with mischief, and had never been 
suocetsful ; and that the adoption of that system at Cherbourg had been a 
matter of necessity rather than of choice. 

Mr. Alan Stevenson's clever experiments, on the force of waves striking 
opposing bodies, were given ; and it was urged, that the force shown to be 
developed by a breaking wave could not act upon a vertical wall, up and 
down which it wonld merely oscillate ; whereas it might fall, with all its 
accumulated force upon a slope, upon which it would naturally break. In 
conclusion, it was urged that, although for Dover, which was the spot 
whereon to mount guard over the channel, in order not only to prevent 
invasion, but to maintain our present naval supremacy, it might be permitted 
to expend a large sum of money ; yet it would not do to hate several Dovers ; 
and, therefore, it behoved the authorities to consider carefully the site, the 


plan, and the method of construction, before commencing works, in which, 
in the present state of engineering science, the experience of the past 
should be used to avoid the errors that had occurred in former and similar 
works. 

In the discussion which ensned, and in which the principal civil engineers 
engaged on great hydraulic works took part, after justly complimenting the 
Earl of Lovelace, for the very able and impartial analysis be had made of 
the evidence contained in the Government reports, and the documents in 
his possession, the speakers explained most satisfactorily the actual circum- 
stances and conditions of the works which had been instanced as failures ; 
and it was shown, that far from being expensive or useless works, they had 
been completed within the original estimates ; and that wherever the con- 
struction had required restoration, or addition, it had arisen from the use of 
defective materials, which, being on the spot, it bad been obligatory to em- 
ploy, and not from the use of the long slope, which, as compared to vertical 
walls in similar situations, was shown to be more durable, and to have been, 
in many instances, successfully substituted for vertical walls, after they had 
succumbed to the assaults of the raging billows. 

INSTITUTION OF MECHANICAL ENGINEERS. 

June IS.— J* E. M‘Connell, V.P., in the Chair. 

ON THE BALANCING OF WHEELS. 

Mr. M 4 Con nell read the following interesting paper on the above 
subject : — The paper treated on the balancing of wheels aa a very im- 
portant matter, as moat of the accidents from carriages jumping off the 
line, had arisen from the balance in the wheels of the engine. The first 
who made this matter of practical observation was Mr. George Heaton, of 
Birmingham, on examining a lathe in the turning-rooms of Earl Craven, 
the pulley of which he found to be out of balance. This he remedied, and 
the lathe worked well again. Mr. M 4 Connell instanced several railway 
accidents of late, which had arisen from a want of proper balance in the 
wheels of the engine. He then proceeded to illustrate the usual method 
of balancing the wheels of locomotive engines, which he considered an 
improper one, and, on reference to experiments with another model, pointed 
out the desirability of obtaining an accurate balance in the piston and 
piston-rod. 

In the coarse of the paper, Mr. M‘Connell exhibited various experi- 
ments with a model railway carriage, explanatory and illustrative of .the 
statements advanced in the above paper. The first experiment was 
made with wheels in balance, the motion to which was given by a spring, 
and the sustained regularity of the motion was unexceptionable. In the 
second experiment, a small piece of iron was inserted in the wheels, and 
the balance consequently destroyed— the natural tendency being to cause 
a jumping and jerking motion, to obviate which was the object sought in 
this contrivance. Similar experiments were made, to show the necessity 
of adopting a similar system of balancing the piston and piston-rods, in 
order to obviate this same jumping motion. 

In explanation, Mr. M<Connell said, that the wheels could be properly 
balanced together. First, one wheel was balanced, and then they put the 
other wheel on upon the other side of the engine, and balanced it in the 
same manner. When the matter was first placed before Mr. Robert 
Stephenson, that gentleman considered it of no service, and it met with 
much opposition ; but since that time Mr. Stephenson, and many other 
gentlemen, bad adopted a plan of balancing their wheels, which, in his 
(Mr. M‘Connell's) opinion, was not the correct one. When a locomotive- 
engine was connected, and the driving-wheels and working part attached, 
it was lifted up upon centres, and set slowly in motion, balance-weights 
being added until it moved at a certain speed without oscillating, and it 
became perfectly settled on its centres. That plan might answer tolerably 
well, but it was the really true mode of balancing wheels. He con- 
sidered that great evil resulted from the piston and piston-rod not being in 
balance ; it had been the cause of accidents in several cases where the 
engine did not leave the rails when the wheels were in balance. If the 
engine attained a certain velocity— the piston-rod moving 1,000 feet a 
minute— this momentum became so great, that the engine most jump ; mod 
the front wheels were, in some instances, clear of the road, and they could 
see between the wheel and the rail. They had an engine at Wolvertoo, 
fitted up with those correcting-weights, and it had been tried, for the first 
time, that morning on blocks. The engine at a certain speed on the 
blocks, threw itself down, and they were not able to run it so fast as 
might be wished ; but, on attaching the balance-weight, the motion of the 
engine was completely neutralised. 

Mr. Middleton said, that this appeared to be the system of balancing 
wheels, which had been introduced to the ootiee of the North-Western 
Railway, some yean ago, by Mr. George Heaton, and against which 
hitherto there had been much prejudice. He felt convinced that it was 
one of the best methods ever suggested for securing the safety of the 
public, when travelling on railways, and a great many accidents might be 
obviated by the adoption of this, or some similar plan of balancing the 
wheels of engines and carriages. It was supposed that the North-Western 
line had disapproved of Mr. Heaton's plan, but he was happy to find 
that there was now some probability of Mr. Heaton reaping the reward 
of his industry by the use of his patent. 

Mr. Cow per said, that a system of balancing wheels was used by the 
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Eastern Counties Company eleven years ago ; bnt this was decidedly a 
superior plan to any he had ever witnessed, and in many respects superior 
to the plao he had seen of Mr. Heaton's. 

Mr. M'Connell said, that Mr. Robert Stephenson had expressed his 
entire approval of the utility of the proposed mode of balancing wheels, 
and had already given orders for it to be attached to an engine he was now 
constructing. 


LIGHT ENGINES— LIGHT TRAINS • 

The Secretary read the following paper on the above subject, by Mr* 
Samuel, engineer of the Eastern Counties Railway “ The small loco- 
motive, lately introduced on the Eastern Counties Railway, having at- 
tracted some considerable attention, has induced me to present to your 
notice a short description of it ; and, at the same time, to offer a few ob- 
servations on the practicability of the principle to the conveyance of pas- 
sengers. This carriage was constructed under my superintendence, for 
the purpose of conveying myself and inspectors on the lines of the 
Eastern Counties Railway, and thereby avoiding the great expense of 
special engines. The total length of the carriage is 12 ft. 6 in., and 
includes machinery, water-tank, and seats for seven passengers, on one 
frame, which is hung below the axles, and is carried on four wheels, of 
3 ft. 4 in. in diameter, the floor being within nine inches of the level of 
the rails. It is propelled by two cylinders, 3} inches in diameter, with a 
6-inch stroke, placed on each side of the boiler, and acting on a crank 
axle. The boiler is cylindrical, placed vertically, and is 1 ft. 7 in. in 
diameter, by 4 ft. 3 in. in height; containing a fire-box, 16 inches diameter, 
by 14 inches high ; and 35 tubes, 3 ft. 6 io. long, by i| inches diameter : 
giving 5* feet heating surface on the fire-box, and 38 feet on the tubes. 
The engine is fitted complete, with link-motion, feed-pumps, Ac. The 
water-tank is placed under the seats, and will contain 40 gallons. This 
carriage is capable of conveying seven persons, at the rate of 30 miles an 
hour. It has, at times, attained a speed of 44 miles. The consumption of 
coke is only 2* lb. per mile ; and the weight of the whole machine does 
not exceed 26 cwt., including coke and water. The result of observa- 
tions, which I have for a considerable time been making, on the Branch 
Passenger Traffic of Railways, has been to convince me that, on the 
whole, it is not remunerative, and, in some cases, is even worked at a 
loss. I have been, therefore, led to consider whether the expenses might 
not be reduced, by the introduction of a system of steam-carriages more 
suitable to the amount of traffic to be conveyed. It is evident, that the 
more we can reduce the dead weight of the trains and engines, in propor- 
tion to the number of passengers, the less will be the expense of repairs, 
both of the carrying stock and engines, and of the way and works of the 
line. The average weight of a train, on the branch lines of the leading 
railways, is 56 tons ; the number of passengers, conveyed by each train, 
not exceeding 35 to 40 on many of the branch railways in England. Sup- 
posing each passenger, with luggage, to weigh 1* cwt., the total weight 
of passengers conveyed is about 3 tons ; or, in other words, for every ton 
of paying load we are now carrying by the present system of locomotion, 
we have from 18 to 20 tons of dead weight. It is, therefore, in a commer- 
cial point of view, of the greatest importance, not only to railway com- 
panies, but to the public generally, that some less expensive, and, at the 
same time, equally safe, means of transit be adopted. It is, therefore, 
proposed to substitute steam-carriages for locomotives on branch railways, 
similar in construction to the drawings herewith produced. These draw- 
ings represent a patent steam-carriage, now in course of construction, 
under my direction, by Mr. W. B. Adams, the patentee, for the Eastern 
Counties Railway Company. The following are a few of the principal 
dimensions Diameter of cylinders, 7 inches ; length of stroke, 12 inches ; 
diameter of driving-wheels, 5 feet ; distance between centres, 20 feet ; 
width of framing, 8 ft. 6 in. The boiler is of the ordinary locomotive 
construction ; 5 feet long, by 2 A. 6 in. in diameter. The fire-box is 
2 A. 10i in. by 2 ft. 6 io. There are to be 115 tubes, of 1£ inch in 
diameter, and 5 A. 3 in. in length, giving 210 feet of beating surface in 
the tubes. The area of the fire-box is 25 square feet, giving a total of 
235 feet of heating surface on the boiler. The consumption of coke I 
have estimated at 7 lb. per mile, at a velocity of 40 miles per hoar. The 
total weight of the steam-carriage, with its coke and water, will not exceed 
10 tons, and it will be capable of conveying about 42 passengers, at a 
speed of 40 miles per hour. The water is to be carried below the floor of 
the carriage, in wrought-iron tabes, of 12 inches diameter, and 12 feet 
long. One great object attained in this machine, is the redaction of the 
centre of gravity, and the consequent absence of lateral oscillation. This 
carriage is intended for the Enfield and Edmonton branch of the Eastern 
Counties Railway, and is expected to be at work in about three months 
from this date. When its practical utility and economy has been proved, 
I shall be glad to submit the result to the Institution at a future meeting ; 
as I feel convinced that the subject is one deserviog the attention of the 
members, and of all parties interested in the profitable working of rail- 
ways. I may also add, that were the system of light steam-carriages 
adopted, branch railways might be constructed at a very small cost 
indeed, compared with the present outlay (which is unavoidable so long as 
the present system of heavy engines is continued) ; and the advantages 
of railway accommodation might be extended to those districts, which can 


* Tht* paper tally supports our remarks In the 
p. 385.) 


“ Journal” Jot December last (vol. lx* 


never hope to enjoy them, if the construction of railways continue to 
require such large outlay of capital.” 

Mr. M’Connbll also read a communication on the same subject. He 
had declined giving any opinion, wishing to take the sense of the Institution 
upon the merits of the engine in question. 

Mr. Samuel considered that his engine woold save a considerable snm 
in the wear and tear of the rails, if not in coke, in consequence of the great 
redaction in the weight of the engine. He estimated the wear and tear of 
rails at 4J80 per annum, independent of the loss in the tyres of driving- 
wheels, whioh was a large source of outlay. He suggested the running of a 
number of small trains on a light description of rails, which would reduce 
the cost of branch railways, and, at the same time, be adequate to all the 
local traffic. 

A Member inquired, how the projector would be enabled to convey heavy 
castings npon such a line ? 

Mr. Samuel said, that might be obviated by distributing the weight over 
several tracks, as was sometimes found necessary upon the tines now in use ; 
and, in case of holiday excursions, he proposed running a number of these 
small trains, instead of the present heavy ones. 

Mr. M’Connbll said, that he presumed it would be desirable to have the 
rails sufficiently heavy to allow an ordinary locomotive to travel over them, 
in case additional carriages had to be taken on at certain points of the line, 
for extra traffic arising from holidays, races, Ac. 

Mr. Samuel said, it would be desirable that such should be the case, 
where it could be done. It was proposed to construct these rails on longi- 
tudinal bearings of timber — therefore, a comparatively heavy engine might 
traverse it without danger. In reply to farther questions, Mr. Samuel said, 
that the pressure usually used in this engine was 120 lb. ; but it was not 
proposed to work those branch engines at a pressure of more than 80 lb. 

Mr. M’Connell and Mr. Cowprr considered this engine peculiarly calcu- 
lated to be worked with economy on the branch lines, as it would tend very 
much to make them pay, by economising the locomotive expenditure. 

Mr. Buckle inquired, how the distance of the wheels would suit the 
pre s ent turn-tables ? 

Mr. Samuel said, it was usual, at every terminus, to have a large turn- 
table, suited for engine and tender; and, where there was not such a con- 
trivance, they could make a triangle, which would be as good. The increased 
speed obtained on these trains would obviate the necessity of frequent 
changes of carriages ; and he estimated the average coat of conveying the 
passengers would not exceed one-fifth of a penny per mile. Many of the 
branch lines did not pay, and some economising principle was needed to 
effect that object. In answer to farther questions Mr. Samael said, that he 
proposed to work the goods traffic in a similar manner. 

Mr. M'Connell still thought that the rails should be equal on these 
branch lines, to bear the ordinary engines now in use on the main lines, in 
case they went over them ; the wear and tear would also be leas upon 
strong rails. 

Mr. Cowpek considered the ordinary rails in use were much too light, 
and, at the present price of iron, he thought it bad policy to lay down • 
light rati. 

The meeting expressed their entire approval of the engine for all the pur- 
poses of the ordinary branch lines of railway. 


NOTES OF THE MONTH. 

Daguerreotype Plates . — The plates prepared by depositing stiver by elec- 
trical agency have been found far superior to the ordinarily-prepared plates. 
The mode adopted by Mr. Kilbtirn to test the superiority of the electro- 
plated metal is to deposit stiver, by a Smee's battery, on one-half of a re- 
gularly-prepared plate, and then to apply the sensitive coating, and to go 
through the usual process of taking a picture. He says that the lights and 
shadows on the half that has been electro-plated will be much more dear 
and distinct, and that in comparison with that portion of the plate, the other 
will appear greasy. The requisite time of exposure also is found to be 
reduced about one-third. 

Aerial Navigation.— Mr. Pitter, of Launton, Oxfordshire, has published 
plans and descriptions of an “ improved Archimedian Balloon,” whereby it 
is proposed to move through the air by paddle-wheels, set in motion by a 
steam-engine. This aerostatic machine will indeed be a “ monster balloon,” 
as it is proposed to give it booyancy sufficient to raise thirteen tons ; and it 
is to be 120 feet long, exclusive of hemispherical ends. Mr. Pitter conceives 
there will be little difficulty in steering this aerial ship, bnt he seems altoge- 
ther to overlook the absence of a guiding resistance, for though he mey be 
able to turn the machine round, that would be of no avail in steering, unless 
there be some resisting force superior to tint of the wind. 

Railways Opened . — One of the lines of rails of the Bolton, Blackburn, 
and West Yorkshire has been opened. The Tiverton branch of the Bristol 
and Exeter line was opened on the 12th June. 

Compromise qf the Gauge Question.— It has been decided by a committee 
of the House of Commons, ‘‘that the doable gauge shall he laid down 
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from Fenny Compton to Wolverhampton, the mode of laying down to be 
inch as the Railway Commissioners may approve/* “ By this decision/’ 
says the Railway Chronicle , “ the settlement of the gauge question, to attain 
which a commission was appointed in 1845 and legislation took place in 
1846, is sent to the wind/*. . . . “ Thus, diversity of gauge is being allowed 
to take root in the most pernicious form which it could adopt — namely, the 
double gauge system.” 

New Atmospheric Railway, — A working model of Messrs. Harlow and 
Young's atmospheric railway has been recently exhibiting, and it works very 
satisfactorily on a length of 150 feet, with a four-inch tube. The peculiarity 
of the invention depends on the formation of the valve. The tube is cast 
with a longitudinal opening, similar to Clegg’s ; but, instead of a flap-valve, 
the action is precisely similar to the slide-valve of a steam-engine. The 
sides of the opening are so cast, that one side presents a horizontal groove, 
and the other a tabular face, both planed perfectly true. On the tabular 
face the slide-valve rests, when forced out of the groove by the passage of 
the coulter, consisting of bars of iron, in a full-size working tube, proposed 
to be 4 or 5 feet in length. At each end of these bars a semicircular open- 
ing is turned through about half their thickness, forming, when two abut 
against each other, a circular slot, in which is placed a disc of iron, ground 
perfectly true with the under surface of the bars, and thus presenting a sort 
of rule joint without any fixed axis, and forming collectively a loose chain 
which slides over the opening, and renders it air-tight. To each of these 
bars, or links, is placed a steel spring, in the shape of a carriage-spring, 
merely of sufficient power to press the valve into its place, after the passage 
of the coulter. The whole is covered by a top plate, to keep out grit, wet, 
snow, &c., with the exception of a small space to allow the coulter to pass, 
which is not much thicker than a saw blade, and which connects the leading 
carriage with the piston in the usual msnner. 

Preservation of Wood for Railway Sleepers, — Messrs. Hutin and Boutigny 
have obtained a patent in France, for the preservation of wood intended 
for railway sleepers ; the process of which depends on filling the pores at 
each end with a bituminous cement, after the ends have been previously 
charred. The process is thus described : “ Immerse the ends of a piece 
of wood in some liquid carburetted hydrogen, such, for instance, as the 
oil of schist, which penetrates quickly some distance into the wood. 2. 
Set this carburetted hydrogen on fire, and at the moment the flame has 
burnt out, plunge the wood to the height of a few inches into a hot mixture 
of pitch, tar, and shellac, which will be slightly drawn up between the fibres, 
and form at each extremity of the wood a kind of hermetical seal, unalter- 
able by moisture and air. 3. Coat the wood with tar over its whole sur- 
face by the ordinary methods.” — A process nearly similar was not long 
since communicated to the Paris Academy of Sciences, by M. Gemini, 
In his plan, tar is used for the purpose of filling the pores of the wood, 
without the addition of any substance. He encloses the wood in a cylinder, 
wherein it is dessicated by high-pressure steam. A vacuum is then pro- 
duced, and additional force is given to the tar in its penetration of the 
fibres of the wood by a force-pump. M. Gemini observes that a separa- 
tion takes place between the solid portion of the tar (the pitch) and the 
oily portion ; and that the first penetrates only an inch, whilst the oily 
matter will penetrate throughout the whole substance of the wood. 

The “ Divining Rod.”— It is a practice not uncommon in the mining dis- 
tricts of Cornwall, to search for veins of ore by the “ divining rod,” which 
is supposed to be attracted towards the metal on walking over the surface 
of the ground. The following letter, in the Mining Journal , signed “ H. F. 
Penny, Notting-hill,” thus describes the modus operand », as having been suc- 
cessfully practised in his presence. If Mr. Penny be neither deceiving nor 
deceived, this is one of the things that philosophy cannot account for : — 

" I have witnessed the operation of the divining rod, in a manner most 
conclusive and satisfactory to my own mind. I went, accompanied by Mr. 
H., first to Wheal Jane, the underground captain of which is what they 
call a douser. He ordered one of the men to cut half-a-dozen withes, of 
the requisite shape, from a neighbouring hedge, and we then proceeded to 
a field, across which the lode lay. We each held a rod, and walked abreast, 
the captain in the middle. Upon crossing the lode his rod bent downwards, 
and, to my surprise and delight, I felt, at the same time, mine pressing 
against the flesh of the finger, when it went down gradually from being 
perpendicular to horizontal, but would not go lower. Mr. H/s remained per- 
fectly stationary ! We tried it again and again with the same result— the 
captain’s, however, going lower and more freely than mine. We then went 
to another mine beyond Perran, and sent for a labouring miner from under- 
ground, who is a celebrated douser. We had another gentleman, a Mr. C., 
with us, an old farmer, a clerk of this mine, and myself— thus making six, 
all armed with rods. On crossing the lode, the dowser’s rod went down like 
a shot, completely inverted l Mine went down gradually, but its pressure 
was quite perceptible, until one of the limbs of the rod, close to my fist, 
actually broke off, from the mysterious force in operation. Now, holding 
my hands perfectly still, and grasping each limb of the rod, it is impossible 
to move it downwards by any voluntary motion, much less to break it. Mr. 
H/s remained as usual, quite stationary, as also the clerk’s ; the farmer’s 
and Mr. C/s acted nearly as powerfully as mine, very much to the astonish- 
ment of the latter, who was an unbeliever. I may mention, that it will not 
act with one person out of 50, or, perhaps, out of 100.” 

The Magnetic Telegraph,— Mr. Nathaniel Holmes, who is in the employ- 
ment of the Electric Telegraph Company, has made an improvement in the 


magnetic telegraph which promises to be of great utility. The invention is 
thus described by himself in a letter to the Athenaeum It may not be 
uninteresting to record the recent improvement I have made in reducing the 
expenditure of battery power to one-tenth of the amount required before ; 
so that now, instead of working on the long circuit (a distance of about 250 
miles), with an equivalent of 240 pairs of plates, 24 pairs do duty, with a 
much more effective result — the reduced intensity not suffering so much by 
the effect of bad insulation. The most important point, however, is the 
economy of power when it is applied to the numerous stations throughout 
the kingdom, and the increased facility of working through a much larger 
amount of circuit resistance. The addition consists in the substitution of a 
single small steel lozenge, three quarters of an inch long, for the two 
5-inch astatic magnetic needles, and placed between two small coils, of pe- 
culiar shape. This form has the advantage, besides those already mentioned, 
of giving a signal free from that constant vibration of the needle, against 
which so much has been said — the pendulous action of gravity being very 
limited, from its better adapted form.” 

Telegraph Profits . — The profits of the New York and Washington Tele* 
graph Company are reported to amount to 1,000 dollars per month. The 
Western Telegraph Company is, however, said to be doing a better business 
than that. 


IaXST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM MAY 30, TO JUNE 16, 1848. 

Six Months allowed for Enrolment, unless otherwise expressed . 

William Wood, of Cranmer-place, Waterloo- road, Surrey, carpet manufacturer, for 
11 Improvements In weaving carpets, and in printing carpets and other fabrics.” — Sealed 
May 30. 

William 8eaton, of Camden Town, Middlesex, gentleman, for " Improvements in 
closing tubes, and in preventing and removing the incrustation in boilers.”— May 30. 

Jasper Wheeler Rogers, of Nottingham -street, Dublin, civil engineer, for " certain 
Improved methods and machinery for the preparation of peat as a fuel, and in combina- 
tion with certain substances as a compost or manure.”— June 1. 

Richard Christopher Mansell, of Grange- road, Surrey, gentleman, for " certain Im- 

S rovements in the construction of vehicles used on railways or on common roads." — 
une 1. 

Thomas Hunt Barber, of King-street, Cheapslde, for “ Improvements in machinery for 
sawing wood.” (A communication.) — June 1. 

James Barsham, of Stratford, Essex, manufacturer, for “ Improvements in the manu- 
facture of mats.”— June 1. 

Thomas BurdeU Turton, of Sheffield-street, manufacturer, for " certain Improvements 
in machinery for bending and fitting plates or bars of steel, iron, and other materials, to 
be used for locomotive engine and carriage springs, and other purposes.”— June 1. 

Henry Adcock, of Moorgate-street, London, civil engineer, for “ certain Improvements 
In furnaces and fire-places.”— June 3. 

William Brindley, of Birmingham, manufacturer, for “ Improvements in the manu- 
facture of articles of papier-mache.”— J une 6 . 

Richard Barnes, of Wigan, Lancaster, gas engineer, for "certain Improved apparatus 
for manufacturing gas for illumination, part of which improvements is applicable to 
retorts for distilling, pyroligneous, and other similar purposes.”— June 6. 

Benjamin Lathrop, Esq., of King-street, Cheapslde, London, for “ an Improved wheel 
for railway purposes.”— June 6. 

Joseph Foot, of Spltal-square, Middlesex, silk manufacturer, for “ Improvements la 
making skeins of silk.”— June 8. 

Joshua Procter Westhead, of Manchester, manufacturer, for "Improvements in 
manufacturing fur into fabrics.” — June 8. 

Thomas Dalton, of Coventry, silk dyer, for “ Improvements In the manufacture 
fringes, gimps, and bullions.”— June 8. 

Paul Marie Darin, of Paris, in the Republic of France, for " Improvements in obtaining 
motive power.”— June 8. 

Richard Want and George Vernum, both of Enfield, Middlesex, engineers, for " an 
Improved steam-engine, which may be also worked by air and other fluids.”— June 10. 

John Miller, of Henrietta-street, Covent Garden, gentleman, for " a new system of 
accelerated xnenatrite locomotion, even by animal impulsion, for every species of transport 
machines acting by means of wheels, whether on land or water.” (A communication.) — 
June 13. 

Charles Henry Capper, of Edgbaston, Warwick, gentleman, for a method of preparing 
and cleansing minerals and other substances.”— June 13. 

Joshua Taylor Beale, of East Greenwich, Kent, civil engineer, for " Improvements in 
the construction and arrangement of engines and machinery for propelling boats or 
vessels on water, with a means of preventing incrustation in the boilers, parts of which 
improvements are applicable to land purposes.”— June 13. 

& William Hunt, of Dodder Hill, Worcester, chemist, for " Improved apparatus to be 
used in processes connected with the manufacture of certain metals and salts.”— June 13; 

Sir Henry Hart, Commissioner of Greenwich Hospital, Rear-Admiral In the Navy, for 
" Improvements in apparatus for preventing what are called * smoky chimneys/ "—June 
13. 

William Chamberlin, jun., of 8t. Leonard’s-on.the-Sea, Sussex, gentleman, for "Im- 
provements in apparatus for recording votes at elections.”— June 13. 

James Roose, of Darlas ton, Stafford, tube manufacturer, and William Haden Richard- 
son the younger, of the same place, for " Improvements in the manufacture of tubing.” 
—June 15. 

George Emmott, of Oldham, in the county of Lancaster, civil engineer, for " certain 
Improvements in the manufacture of fuel, and in the construction and arrangement of 
furnaces, flues, boilers, ovens, and retorts, having for their object the economical applica- 
tion of caloric, the manufacture of gas for illumination, and the consumption of smoke 
and other gaseous products.”— June 16. 
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THE JACQUARD PUNCHING MACHINE. 

( With two Engravings , Plates X . and XI*) 

Patent Machine for Perforating Metal Plates , such as are used 
for Steam-Boilers , <5fC. / and employed for Punching the Plates of the 
Tubular Bridge at Conway ; made at the Globe Works , Manchester , 
3y Messrs. Roberts, Fothergill, and Co. 

Mr. Roberta, the patentee, has most liberally, at our particular 
request, furnished us with all the detailed drawings of this very 
important machine; for which we are sure all our mechanical 
readers will join with us in awarding thanks for his liberality. 

Fig. 1 (Plate X.) represents a sectional elevation of the machine ; 
fig. 2, an elevation of the back of the machine ; fig. 3, a plan-view of 
the apparatus for putting the punches out of action without 
stopping the fly-wheel ; and fig. 4, a plan- view of a few of the 
Jacquard plates. Fig. 5 (Plate XI.) represents a front elevation ; 

a side elevation ; and fig. 7, a horizontal section, taken through 
the dotted line A 1 , A 1 , in figs. 1 and 2 . Fig. 8 is a detached view 
of the traverse-apparatus ; and fig. 9, a detached view of the 
holding-down or stripping apparatus. A, A. the standards. B, 
the bed, through which there is an opening tor the punching*, or 
metal punched out of the plate, to fall through ; tnis bed is in- 
serted into the standards. C, a stretcher-bar, to connect the top 
of the standards. D, fulcrum of the levers q y 9 , which withdraw 
the punches, and of the lever «c, which traverses the plate. E, a 
fulcrum-shaft, to which the levers y,/, and Ar, Ar, are keyed. F, the 
main or eccentric shaft, working in bushes in the standards. G, 
a spur-wheel, keyed on the eccentric-shaft. H, a pinion, working 
into the wheel G. I, the fly-wheel shaft, on which are the fast 
and loose pulleys K, and L, the pinion H, and the flv-wheel J. 
M, M, connecting-rods, fitted to the eccentric necks of the shaft 
F. N, N, caps of the connecting-rods M, M. 0,0, guide-plates 
for the punch-rams P, P. Q, the cam-shaft. R, a spur-wheel, 
loose on the cam-shaft, and having on one side two projections, 
between which there is an opening. R*, a locking-disc or plate, 
keyed on the shaft Q, having upon it a spring catch 38, which 
takes into the opening between the projections on the wheel R. 
R, and R*, are seen detached in fig. 5, and the dotted lines on R* 
represent a weight to counterbalance the levers k . S, a toothed- 

wheel, keyed on the main-shaft F. T, the punch-ram-depressor, 
secured to the connecting-rods M, M, by knuckle-joints at the 
lower end of the connecting-rods. U, a slide-bar, on which the 
frame traverses, which carries the plate to be punched. V, V, two 
short slide-bars, to carry one side of the traverse-frame. W, a 
block of iron, fastened with short wedges to the bed B, to carry 
the die-plate X, into which the dies d, are inserted, and prevented 
from rising by a collar at the lower end of each, as seen in fig. 11 . 
Y, a square shaft, carrying the holding-down levers, or stripping- 
fingers, 0 , 0 . Z, Z, levers on each end of the shaft Y. a, a, the 
punches let into the punch-holders 6 , 6 , bolted to the rams r. as 
seen in the detached view, fig. 5. c, c, pieces bolted to the bed 
B, to carry the adjusting slide-bars V, V. d, dies inserted into 
the holder X. e, e, (fig. 1 ), are the selecting slide-bars, which, 
when allowed to pass through .the card-plate, enter the card-roller/ 
without being pushed backward by them ; the card-roller has in 
this case six sides, and the belt of Jacquard plates, after passing 
over it in the usual manner, passes over a round roller suspended 
in a swing-frame, at such an angle as shall keep the belt 
moderately tight, whilst the roller /advances towards and recedes 
from the selectors e. g, < 7 , brackets projecting from the depressor 
T, and carried up and down with it. h , A, sliding-blocks, in which 
the journals of the card-roller turn. To an upri^it cast on each of 
these blocks, is fitted a rod of round iron, thus, *, with a flat foot, 
long enough to extend over two of the six pins in the ends of the 
card-roller, against which the flat foot of the rods is made to press, 
by spiral-springs coiled around them in the usual manner employed 
in the Jacquard-loom, which is generally known, and need not be 
further described, i, t, (fig. 1 ), are two sets of guide-blocks, for 
the selectors e, one on each side of the depressor, adjustable 
laterally by set-screws on flat bars, extending across the machine ; 
the use of these blocks is to carry the selecting-bars e, which are 
round at the end that enters the cards, and flat at the other end, 
to keep them in their proper positions ; the centre portion of each 
selecting-bar is a solid piece of iron, projecting as much below 
the round stem as will, when the selecting-bar is driven backwards 
by a card-plate, permit the depressor T to complete its downward 
stroke without tne selecting-bar touching the ram P, under it. j 9 j, 

* in consequence of the elaborate character of the two ea# raring*. are are obliged to 
postpone giving one of the plates until next month j hut when the volume la bound up, 
.the two plates will appear together. 
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are levers keyed on the shaft E, and connected at their lower end 
by links to the slide-blocks A, A. Ar, Ar, are levers also keyed On the 
shaft E, and having each a friction-roller at its lower extremity. 
On the shaft Q, are two cams, one of which works a lever Ar, on 
one side of the shaft, and the other cam works the other lever A, 
on the opposite side. One of the cams, through the medium or 
the levers L y 9 and the links before referred to, causes the roller/ 
to approach the selecting-bars e, and the other cam causes the 
roller to recede from them, until by a catch employed in the ordi- 
nary way in the Jacquard looms, the roller / is made to turn 
through one-sixth of a revolution, and is then retained in that 
position by the pressure of the spiral spring and flat foot above 
referred to. /, /, are brackets attached to the depressor T, at the 
back of the machine, seen best in fig. i. m* a bar resting on the 
brackets /, /, and connected by rods with tne sliding-blocks A, A, 
which, on receding, cause the bar m to bring all the selecting-bars 
e into the position for depressing the rams, as seen in fig. 11 . n,n, 
are levers having their fulcra on studs screwed into the standards; 
one end of these levers is connected by a rod p, with the levers 
Z, Z ; the other end is furnished with a roller which is acted upon 
by a cam tz, on the shaft Q, (see fig 8 ). 0 , 0 , are the holding-down 
levers, adjustable laterally on the shaft Y, so as to admit 01 one of 
them being placed on each side of every punch, p, p, are rods 
connecting the levers n, and Z. By adjusting the length of these 
rods, the levers 0 , 0 , are made to press upon plates of different 
thicknesses, so as to hold the plates down while the punches are 
being withdrawn, q , 0 , levers turning on the fulcrum-bar D, for 
withdrawing the punches by means of the cams r, r, that actuate 
levers q, q. s , a broad but rather thin bar, extending through the 
series of punch-rams P, shown by dotted lines in figs. 7 , and 2 . 
The punch-rams P, are made with slots, through which the bar s 
passes, and these slots must be about two inches longer than the 
width of the bar #, in order to allow the punch-rams to be forced 
down when the bar is at the bottom of its stroke, f, t y are links 
connecting the bar s with the levers q y q . tz, tz, are cams which 
depress the holding-down levers 0 , 0 , through the medium of the 
levers n, n, rods p, p, and levers Z, Z, and hold down the plate 
while the punches are being withdrawn, u, a cam for the tra- 
versing-rack 6. tr, a lever turning on the fulcrum-bar D, and 
worked by the cam v. x, the cam for lifting the rack 5 . y, a 
lever turning on a stud in the standard, and worked by the cam x , 
for lifting the traversing-rack 5. x y a rod connecting the lever y 
with the lever 8 , seen best in fig. 10 . 1 , is a lever on the traverse- 

shaft 2. 3, another lever on the shaft 2. 4, a link connecting the 
lever 3 with the rack 5. 6 , a rod connecting the lever w with the 

lever 1 , for traversing the rack 5. 7 , a shaft for carrying the 
levers 8 , 9, and 10. 11, a link connecting the levers 10 and 12. 

13, a shaft carrying the levers 12 and 14. 15, and 16, are links 

connecting the rack 5 with the levers 9 and 14. 17, the upper or 

retaining rack. 18, a stud carrying the elbow-lever 19, which is 
provided with a handle, 20 , another stud carrying the elbow- 
lever 21 , which is connected by a link 22 with the lever 19. The 
rack 17 is carried on studs in the horizontal arm of the levers 19 
and 21. 23, division-studs in the bar 24 of the traversing-frame. 

The plate to be punched is put into a traversing-frame formed 
of two side-bars, 24 and 25, and two stretcher-bars secured by 
cottars to the side-bars, which are rabbeted to support the plate, 
and, when required, furnished with clamps to hold the plate down. 

24 represents one of the sides of the trdversing-frame, in which 
there is a groove to fit on the slide-bar U ; into the outer side of 
the bar 24, is screwed a series of studs 23, represented in the 
engravings as being 12 inches from centre to centre apart from 
each other. The side 25 of the frame slides on the bars V, V. 
When the plates to be punched are very long, rollers may be 
used to carry the projecting ends of the traversing-frame. In 
fig. 9 is shown part of a frame, with a plate partly perforated. 
The racks 5, and 17, (fig. 10 ,) are drawn with three teeth in 
the length of a foot, which will divide- plates to a four-inch 
pitch ; but it will be obvious, that for a different pitch the racks 
must be changed ; and it may, in some (cases sucn as when the 
pitch required is not an aliquot part of afoot) be necessary to alter 
the distance between the studs 23. Fig. 10 represents the traverse- 
apparatus, in the position it will be in when the retaining-rack is 
down, and the punches in the act of passing through the plate, 
and the traversing-rack having completed its return-stroke. 

When the punches are being raised, the traversing-rack will rise 
also ; and by the side-piece 26 (which is attached to it) acting 
against the roller 27, on a stud in the rack 17, will raise it also, 
and set the frame at liberty to be advanced by the cam x y through 
the mechanical means already described. In fig. 1 , this traverse- 
apparatus is shown in the position it assumes when the plate is ad- 
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vancing. The spiral-spring 98, acts on the lever 91, and forces 
the rack 17 down on to the pins 93. For every hole required to 
be punched in line with the width of the plate under operation, a 
corresponding hole must be made in a plate of the Jacquard, 
and an additional hole, marked 30, (see fig. 9), is also made, into 
which the stopping-bar 31 enters at every stroke until the punch- 
ing be completed, at which time the Jacquard plate 39, winch is 
left blank, will push all the selecting-bars e beyond the rams P, 
and at the same time, by pushing the bar 31, disengage the cam- 
shaft Q, by the mechanism to be hereafter explained, at the point 
where the punches and the levers o, are held up, and thus will 
allow the perforated plate to be taken out of tne machine, and 
another plate to be put into it. The stopping-bar 31, is provided 
with a projection on its lower surface, which depresses the click- 
lever 39, when the bar is pushed back ; the lever 33 is keyed on a 
shaft 34, moving in bearings at the back of the depressor ; on the 
other end of the shaft 34, is keyed the lever 35, to the upper end 
of which is attached the link 36, connecting it with the elbow-lever 
37 ; theend of the other arm of this lever is inclined, for the pur- 
pose of unlocking the plate R*, and is provided with a stud, on 
which is a latch 38, the tail of which comes m contact with the incline 
on the elbow-lever 37, when it is in the position shown in dotted 
lines in fig. 3 ; and as the wheel R revolves, the latch becomes disen- 
gaged from the opening between the two projections cast on the said 
wheel, at which time the cam-shaft Q, ceases to revolve. When 
the stopping-bar 31 has been pushed back, it depresses the lever 
39, and liberates the lever 33 from behind the projection on the 
lever 39, when the spring 40 willpull the elbow-lever 37 into the 
position shown in dotted lines. To the blocks A, a small shaft is 
attached, on which are two levers, suspending by links a plate of 
metal similar to a blank card-plate, except that the holes for 
the guide-pins are cut at the bottom edge. At each end of the 
same shaft is a lever-handle, held up or aown by a side-spring in 
the ordinary way. The use of this apparatus is as follows: — 
Should it be required to stop the machine before the plate is 
finished, by raising the lever here referred to, the blank plate will 
come in front of the roller, and will act the part of a blank Jacquard 
plate, and stop the machine. 

Having now described the principal parts of the machine, we 
shall proceed to explain the manner of its working. The plate to 
be punched having been placed in the traversing-frame, on the 
sides U, and V, is then pushed forward. In its progress, the first 
pin of the series 23, passes under the inclined end of the rack 17, 
until the first notch in the rack falls upon the pin. The driving- 
strap being now on the fast pulley K, the machine is set to work 
by pulling down the handle 42, keyed on the shaft 34, until the 
lever 33 is latched by the click-lever 39 ; the elbow-lever 37 is 
then, by the spiral-spring 40, brought into the position shown in 
fig. 3. The latch 38 being now liberated, will, by the action of 
the spring 41, (see fig. 1.) drop into the notch in the wheel R, the 
first time it comes round ; the cam-shaft Q will now revolve at the 
same speed as the shaft F, and the Jacquard-roller f will be 
drawn Dack and made to perform one-sixth of a revolution on its 
centres ; after which it will be advanced, and the first card of the 
series will remove those selecting-bars for which there are no holes 
in the Jacquard plate ; the other selecting-bars will remain over 
their respective rams P, which will then force down the punches 
through the plate, by the descent of the depressor T. A little 
before the punches have gone through the plate under operation, 
the levers o, are made to press upon it, and are held there while 
the punches are being withdrawn by the bar #, which rises simul- 
taneously with the depressor T, during one-half of its ascent. 

Whilst the depressor is continuing its ascent and descent 
through the other half of the stroke, the roller f recedes, and 
draws with it the bar m, which brings all the selectors again over 
the punch-rams P. The roller f while receding, having performed 
another sixth of a revolution, will, on advancing, bring another of 
the Jacquard plates against the selectors, and the operation 
will be repeated until all the holes are punched in the plate under 
operation. 


Iron Vessels. — Mr. Fowles of North Shield*, suggest* the following im- 
provement* in the construction of iron vessels, by forming the keel and 
kelson of plate or bar-iron in one or two breadths, from 1| to 2$ inches in 
thickness, and from 20 to 24 inches deep, and then to form the floors of 
angle-iron in two lengths, and torn the ends of each op the side of the kelson, 
and connect them together by rivets through the kelson from side to side. 
The floor plates also to be in two lengths, which being rivetted to the floors, 
the two sides of the ship will be connected together. 


CANDIDUS'S NOTE-BOOK, 
FASCICULUS LXXXIV. 

“ I mast have liberty 
Withal, as large a charter as the winds. 

To blow on whom I please.** 

I. In that very amusing, but slovenly and in parts rather dull 
congeries of gossip, entitled “ Nollekens and his Times,” Museum 
Smith speaks of a certain “ happy possessor of some of the worst 
fragments of the antique in this kingdom , who employs a mere mason 
to put them together, and is perfectly satisfied though a right 
foot has been most ingeniously placed upon a left leg !” Who 
the 44 happy possessor” alluded to was, I know not, but I do know 
that, muiaiis mutandis , the satire applies as forcibly, or in general 
far more forcibly, to the stupid, and tasteless, and bungling, botch- 
ings-up of architectural odds and ends — whether antique or me- 
diaeval, classical or ecclesiastical — into a design intended to pass as 
an unexceptionable specimen of the particular style which is pro- 
fessedly imitated, but generally caricatured more or less when so 
treated, — secundum artem , but contrary to all artistic principle, 
and not unfrequently contrary to meaning and purpose also. Would 
that in architecture no greater blunders were ever committed than 
that of stickiug 44 a right foot on a left leg,” — in which case the artist 
might fairly have excused himself by swearing point blank that it 
was not the right foot. — Our being imitators at the present day 
might be forgiven ; but we are not so much imitators, as mere 
copyists , incapable of entering into the spirit or meaning of our 
models, — which are to us little better than blind guides, simply 
because we ourselves follow them blindly, and without the least 
regard to widely-altered circumstances. What more may, under 
present circumstances, be made of a style, is what we never con- 
sider. Yet if we really studied our models, we should find — at 
least, in all those most deserving of being studied — every part well 
motived and adapted to the express occasion. How far we in that 
respect imitate those who have gone before us, I leave it to the 
impartial reader to determine for himself. 

II. In his above-mentioned book, Smith is pleased to say : 44 Men 
of true taste visit a mansion only upon the report of its statues, busts, 
and pictures. The architecture of a house unadorned by such pro- 
ductions of art, would not induce the general traveller to drive 
twenty miles out of his road, nor even five. How few allurements, 
indeed, would the Marauis of Lansdown's, Lord Pembroke's, Lora 
Egremont's, Lord Farnborough's, Sir Abraham Hume’s, Mr. Peel's, 
(now Sir Robert), and many 6ther noble mansions have, if totally 
destitute of their fine collections of statues and pictures !” — No 
doubt such would be the case, but why ? — first, because there is 
nothing whatever of architectural interest in the 44 noble mansions” 
themselves ; and, secondly, because if there were, your 44 general 
travellers” have very little, if any taste at all for architecture. 
I was the other day in a nouse here in town,— one that I may 
fairly call an “ architectural house,” which although totally u desti- 
tute of pictures and statues,” with the exception of a basso-relievo 
by Lough, over a chimney-piece in one of the rooms, is in itself all 
picture — as superior to reel's as a pine-apple is to a pippin. For 
my own part, whenever I go over a house tor the first time, I have 
neither eyes nor thought — nor if I had, I have not time — for any- 
thing but the architecture itself. As to pictures and statues, any 
dowdy house may be bedizened out with them, and still be, as a 
house, as dowdy as ever, — a perfect cluster of C's : very convenient, 
very comfortable, very commodious, very correct, very comme-U- 
fauL and very (most of all} common-place. 

III. In his anecdotes relative to Cosway, Nollekens' biographer 
says that, after quitting Pall-Mall, u he (Cosway) fitted up his new 
residence (No. 20, Stratford-place) in so picturesque, and indeed so 
princely a style, that I regret drawings were not made of the general 
appearance of each apartment ; for many of the rooms were more 
luce scenes of enchantment pencilled by a poet's fancy than any 
thing, perhaps, before displayed in a domestic habitation.” If such 
really was the case, they certainly were worthy of being delineated ; 
yet we may be allowed to entertain some misgivings — first, because 
such a character of the house partakes too much of the 44 glamour 
might” of some of George Robins's advertisements; and, secondly, 
nothing is said to corroborate it. or to give us any idea whatever 
of those 44 scenes of enchantment, notwithstanding that the writer 
could at least have done that, — have spoken of 44 the general appear- 
ance of each apartment.” and have so far rescued them from com- 

lete oblivion. Instead of which, he merely goes on to astound us 

y enumerating some of the costly articles of furniture and vert A 
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which were displayed in the habitation of that once fashionable 
and now forgotten painter : — to wit, 44 ancient chairs, couches, and 
conversation stools, elaborately carved and gilt, and covered with 
the most costly Genoa velvets ; escritoires of ebony inlaid with 
mother-of-pearl; rich caskets for antique £ems exquisitely en- 
amelled, and adorned with onyxes, opals, rubies, and emeralds (!). 
There were also cabinets of ivory, curiously wrought ; mosaic 
tables set with jasper, blood-stone, and lapis-lazuli.” Suffice it to 
say, that there were besides, among a variety of other things, 
44 massive musical clocks, ottomans superbly damasked, Persian 
carpets, chimney-pieces carved by Banks, bronzes, models in wax 
ana terracotta, crystal cups adorned with the York and Lancaster 
roses, &c. &c. To meet with such prodigal sumptuousness in the 
house of a painter must have been astonishing enough — almost 
incredible when contrasted with the scrubby, though never scrubbed, 
dog-hole rooms in which old w Nolly” and his amiable spouse 
thrived so well ; or the wretched, but richly cobwebbed, garret in 
which Barry entertained Burke with a beef-steak and a pot of 
porter. — Still, I am quite at a loss to make out, from all that Smith 
says of Cosway’s house, aught that warrants the expression of the 
rooms being so many scenes of enchantment, there being not a 
syllable even with regard to any of their decorations, or to indicate 
any particular fancy, or rechercht taste, or well-studied effects in 
the rooms themselves. Sumptuous furniture and almost priceless 
works of art may be put into a very common-place room ; but in 
such case, the latter is merely the receptacle of the other objects, — 
stripped of which, it would not be worth looking at ; whereas — in 
a first-rate mansion, at least — every part of it, except the entirely 
private and domestic rooms^ should be laid out with studied regard 
to effect, and to variety of effects — without, however, departing from 
consistency as to general character. Each apartment should be 
itself a picture, — strikingly beautiful in itself, charming, captivat- 
ing, before it receives its finishing touches in the way of furniture 
and other accessories. At present, as they are left by architects, 
rooms (even those in the best houses) are little better than blanks, 
— -large four-sided boxes for the cabinet-maker and upholsterer to 
fill ; in doing which, they may chance to empty your purse before 
you are aware of it, — or if they do not actually do that, they are 
likely to disgrace your taste by cramming your rooms with a medley 
of ill-assorted articles, agreeing only in being all alike very ex- 
pensive ones. 

IV. In anecdotizing some of the former residents in St. 
Martin’s-lane. Smith notices No. 60, as the house once occupied 
by Chippendale, 44 the most famous upholsterer and cabinet-maker 
of his day, to whose folio work on household furniture the trade 
formerly made constant reference. It contains, in many instances, 
specimens of the style of furniture so much in vogue in France in 
tne reign of Louis XIV, but which, for many years past, has been 
discontinued in England. However,” — I entreat my reader to 
mark this — 44 as most fashions come round again, I should not 
wonder, notwithstanding the beautifully classic change brought in 
by Thomas Hope, Esq., if we were to see the unmeaning scroll 
and shell-work with which the furniture of Louis’ reign was so 
profusely encumbered, revive ; when Chippendale’s book will 
again be sought after with redoubled avidity, and as many of the 
copies must have been sold as waste-paper, the few remaining will 
probably bear a high price.” Smith’s apprehension is already to a 
considerable extent verified ; and that same Louis Quatorze taste, 
which, although dignified by such title, is essentially both puerile 
and barbarous, corrupt and unprincipled — quite contrary to every 
sound principle of sound art, seems to be now spreading through 
all branches of decorative design and ornamental manufactures ; 
some recent specimens of which, though cried up by those who 
professing to guide public taste ought to know better, are chiefly 
remarkable not for elegance or beauty of form and combination 
in any respect, but rather for quite the reverse, and for what has 
been quaintly termed 44 the depravity of elegance;* which singular 
perversity of taste is the more unaccountable, as well as lament- 
able, now that we have Government Schools of Design. Really, 
if such institutions produce no better fruits than the specimens 
alluded to, the sooner they are broken up altogether, the better. 
The instruction there given, no more qualifies for producing ar- 
tistic design, than learning to read and write qualify for a literary 
career. Were things left to take their natural and healthy 
course, very few except those who really possessed talent — or 
what is next to it, a decided relish for art — would think of applying j 
to it. Where talent really exists, such institutions are no doubt i 
highly beneficial, by enabling it to develope itself ; but then, on 
the other hand, they are mischievous, inasmuch as they turn out 
•upon the world a great many more who are quite talentless, though 
furnished with a certain degree of manual proficiency; and as 


such talentless creatures 44 must live,” and cannot possibly be in- 
terdicted from exercising pro malo publico what they are pleased to 
call their 44 talent,” the ultimate injury to art and to public taste is 
greater than the benefit. I remember a priggish young Oxford 
student boasting in company of the many eminent men who had been 
educated in his college, when he was cut short by some one calling 
out to him — 44 But you don’t say a word of the thousands and tens 
of thousands of blockheads which it has also turned out,” adding, 
sotto voce , 44 and I take you to be one of them.” 

V. In a letter on the subject of the the Architectural Publica- 
tion Society, a correspondent of the Atheneeum says, after quoting 
what is stated in that Society’s prospectus, as to the paucity of 
architectural works in this country : 44 Surely the thumb-screw 
must have been applied to extort this confession!” When a 
remark to the same effect — that is, animadverting upon the 
paucity of English architectural publications, was made some short 
time ago in the Westminster Review, a gentleman who now figures 
among the 44 Promoters” of the above-mentioned Society, thought 
proper to contradict it publicly at one of the meetings of the 
institute; nevertheless, what was then deemed an injurious 
calumny, is now proclaimed to be the fact. Indeed, it is wonder- 
ful that any one should have had sufficient hardihood to dispute 
it. For a certain class of architectural books, there has been a 
considerable demand and corresponding degree of supply, of late 
years ; but they are merely elementary ones, and besides, almost 
exclusively confined to the Gothic style and to ecclesiastical ar- 
chitecture. Even graphic publications, such as those by Haghe, 
J. Nash, Richardson, and otners, have been entirely mediaeval — at 
least, of the 44 olden times” in subjects, and some of them altoge- 
ther continental in their subjects also. We possess no satisfactory 
illustrations of contemporary English buildings, either in collec- 
tions containing examples by different architects, or in works 
brought out by the respective architects themselves. Sir Jeffrey 
Wyatville’s 44 Windsor Castle,” is the last and almost the only 
English publication of the kind that has appeared in the present 
century ; and that was by no means so satisfactory and interesting 
as it might have been, it doing only half its work, owing to the 
entire omission of sections, notwithstanding that they were indis- 
pensably requisite for much important information that is not to 
be obtained at all, except by means of such drawings. To what- 
ever it may be ascribed, this falling-off in architectural publica- 
tions is all the more surprising, when we consider how very much 
has been done in architecture during the last thirty years. Some 
few years ago, Mr. Weale, as will very well be recollected, made an 
offer to the Institute to bring out annually a volume of designs of 
the best buildings executed by living architects ; but instead of 
such liberal offer being thankfully accepted, it was rejected not only 
once, but twice — for some time after the first rejection, it was re- 
peated, and rejected moreover in the most sulky and ungracious 
manner. Yet now, these same people — for many, if not most of 
the “Promoters” belong to the Institute — come forward and whine 
out, that in architectural publications we are far behind all our 
continental neighbours, and 44 our deficiencies are very great, as 
a comparison of catalogues will show” ! It would seem, them that 
something like shame is at length felt. Let it be disguised as it 
may, the fact is, architectural works of a higher class (conse- 
quently expensive ones), similar to those which have appeared on 
the continent during the last thirty or forty years, are not 
saleable — that is, do not obtain a remunerating sale. There is 
no encouragement for bringing them out; wherefore, all enter- 
prise of the kind is checked by certainty of loss. There are no 
publishers of them, for a plain and unanswerable reason — viz., 
there are no purchasers of them. It is not indeed to be supposed, 
that every copy would remain unsold, but the purchasers are 
so exceedingly few, that works of the kind could not be pro- 
vided for them, except by putting an enormous price upon the 
books. Why all this should be the case, it is more easy to 
guess than it would be flattering to say. According to all ap- 
pearances, the demand for them ought to be far greater than ever. 
The architectural profession has surprisingly increased in numbers; 
then we have a Royal and chartered Institute, which of course 
exerts itself most laudably in promoting and diffusing on all sides 
a taste for architectural studies ; then, again, we have a Fine Art 
Commission, under whose cognizance architecture comes very pro- 
minently forward pity, let me observe, par parenthese, that said 

Commission did not take under their cognizance also Mr. Blore’s 
additions to Buckingham Palace 1 — a nd as the Commissioners 
are selected from the aristocratic classes, the very natural presump- 
tion is, that Architectuie, as well as the other Fine Arts, is studied 
among our aristocracy and the higher ranks of society. We have 
blue-books on matters of art, architecture included ; item , architec- 
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tural societies almost innumerable ;— nevertheless and notwith- 
standing all these favourable symptoms, architectural study — at 
any rate, architectural publishing, is now at the lowest ebb. Yety 
hardly is it because we in this country are so poor that we cannot 
afford to indulge in those book-luxuries, which our certainly not 
wealthier continental neighbours do. The plain truth is, that 
notwithstanding all our present chattering about art, we know 
nothing about it, and care less : — now, if any one calls that a butt, , 
I return the compliment, by calling him a great calf. 

VI. If architectural worlcs, corresponding in character with 
those which used at one time to be published in this country, and 
which up to the present time have continued to be brought out 
upon the continent, are no longer engaged in by us, it is to be at- 
tributed, some will perhaps say, to their being supplied to us by 
the continent itself. That such publications as those of Schinkei, 
Kleuze, Gartner, Famin, Gauthier, Letarouilly, Cicognara, Canina, 
Cassina, Diedo, Runge, Gladbach, Tietz, Joly (Chambre des 
Deputes), Calliat, (Hotel de Ville de Paris), and a great many 
others, are known here, there can be no doubt. One or two of 
them are stock-books with English booksellers. Yet, whether 
they have been imported to such extent as to render all home- 

S roduction of the same sort quite Unnecessary, may very well be 
oubted. Granting, however, such to be the fact, the consequence 
is. the continent gets nothing of a similar kind from us in return ; 
wherefore, foreign architects, who would probably be benefitted by 
some exchange of ideas with us, are left to suppose that English 
ones produce nothing worthy of being shown, or that will bear the 
test of examination when fully exposed by being delineated in all its 
parts. We can very well afford, it may be said, to let other 
countries entertain whatever opinions they please of us, in the 
matter of architecture and art. Very true ; why, then, are some 
among us so sore, so piqued, and so toucW, whenever it happens 
to be intimated that we lag far behind foreigners in regard to 
architectural publishing, “as any comparison of catalogues will 
show" — a confession now paraded before the public with the con- 
sent and under the auspices of several of our leading architects ? 
If we have acted right of late years in entirely abstaining from 
producing architectural publications that might proudly rank with 
the best foreign ones of the kind, there is nothing at all to be 
angry or to blush at, whenever as much is stated. Rather ought 
we to congratulate ourselves upon our superior prudence and 
discretion. Why should “ any comparison of catalogues" disturb 
us, or discompose the serenity of our tempers? On the other 
hand, if it be now considered desirable to show rivalry with the 
continent, in respect of architectural publications, what is con- 
templated by the “ Architectural Publication Society" will go but 
a very little way indeed towards accomplishing such object. 

VII. It might very naturally be imagined that architecture is 
pretty generally studied by our higher and middling classes, and 
that there would accordingly be a considerable and constant de- 
mand for books relating to it, it being from those classes that 
those who sit in committee and in judgment upon designs sent in 
at competitions are selected, or else elect themselves. They are 
of course all “ highly respectable" and “ honourable" persons, and 
so forth ; yet that avails nothing, if they possess not at the same 
time some intelligence of architecture itself, which certainly does 
not come all at once by intuition, just when there happens to be 
occasion for exercising it, nor is it to be acquired without con- 
siderable study and application. Possibly, it may be that those 
who enter committees of the kind are so exceedingly ignorant, 
as not to be at all aware of the responsibility they take upon 
themselves, or their own utter unfitness for the office they assume. 
The consequence is, that although by undertaking it they are dig- 
nified — at least, fancy themselves to be so— art is damned. Ac- 
cording to the present precious system of managing such matters, 
the sending in a carefully-studied design is no better than casting 
earls before swine. A production of the kind elicits nothing 
etter than a grunt, and the decision is made in favour of swill 
and Sansovino. Now, if gentlemen like to call for a bottle of 

f enuine old Sansovino, they are welcome to do so * but it is, as my 
.ord Liverpool would have said, “ really too bad h to cause other 
people to send in a hundred samples of various sorts, when the 
said Sansovino alone was wanted. Alas ! for both the nous and the 
honour of the Army and Navy, — at least, for those of the Army and 
Navy Club, who, after taxing in no ordinary degree (owing to the 
limited space of the first sight) the ingenuity of between sixty and 
seventy architects, decided in favour of a prosaic affair vamped-up 
after Sansovino. That busy-body prig, Count d 'Orsay, deserves 
to be well ducked in a 'Orse-pond, for leading the Army and Navy 
—our British Army and Navy, or their Club at least — by the nose. 
Rather ought the “club" to have been so wielded as to knock his 


Countship down, and send him to grope in the abyss of his cor- 
combi cal conceit. However, if Englisn architects like to be 
kicked by French counts, without attempting to resent it, so be 
it. They may be both kicked and spit upon for aught that I care, 
if they are too cowardly to protect themselves. 

VIII. In what he says of the Royal Exchange, the writer in the 
current number of tie “ Westminster” makes no objection to 
that edifice being so greatly disfigured by the shops. It is also 
somewhat strange, that while he so vehemently condemns the 
excess to which decoration has been carried at the Houses of Par- 
liament, he is quite silent with regard to what persons less critical 
will be likely to consider the greatest fault of all — namely, the 
enormous cost so incurred. Mr. Hume's words, when he said (in 
1836) he firmly believed that the expense of Mr. Barry's plan 
would be double the estimate, have alreadv been verified. Mr. 
Mackinnon went even further, and declared that “ Two Millions 
will not cover the expense.” Let us then “ firmly believe” that 
Three Millions will do so. 


ARCHITECTURE AT THE ROYAL ACADEMY. 

[thibd notice.] 

Owing to the Exhibition's terminating this season somewhat 
earlier than usual, and to our not knowing that it was about to 
close until just a day or two before, when we were prevented from 
re- visiting it, we must now trust to our memory and a few slight 
notes previously taken down by us, for such further account as our 
readers must now be content with. Of the one hundred and sixty 
drawings in the Architectural Room, forty-six may very well be 
said to have “ no business" there, they being not original architec- 
tural productions — not designs and compositions by the respective 
exhibitors, but merely views and other portraitures of different 
buildings, or bits of buildings. Now, in our opinion, subjects of 
that kind are at the best somewhat out of place in an architectural 
exhibition, if only because an annual exhibition is, unless otherwise 
expressed, expected to show us the performances of contemporary 
talent. Were the Architectural Room three or four times larger 
than it is,— or, what would be better still, were there two sufficiently 
spacious rooms, one of which might be set apart for what is mere 
architectural portraiture, there would be no objection to productions 
of the latter description being admitted, provided they were worthy 
of being so, either on account of intrinsic interest or freshness of 
subject, or superior ability and charm as regards artistic execution. 
Unfortunately, the reverse of this is the case : buildings that have 
become quite hackney and stale (having been shown a^ain and 
again both in book- engravings and drawings, and also in copies 
from them, till we almost sicken at the bare mention of their names) 
are allowed to find admission at the Academy, in hundreth-edition 
representations of them. And not only are such things admitted, 
while original architectural productions are turned away, but many 
of them — and perhaps some of the stalest or else most trivial in 
subject, are allowed to occupy better places than drawings which 
show us, or rather would show us what we have not before seen, 
were they not hung where they cannot be seen themselves. As we 
have already observed, this is the unhappy case of No. 1095, the 
new Coffee Room of the Carlton Club-house ; while, as if on purpose 
to render that case a still more scandalous one several large frames, 
which contain only very uninteresting views of architectural ruins, 
are placed very conspicuously nearly upon the “/we.” Had No. 
1095 been differently described — had it passed, as it very fairly 
might have done, under the name of Mr Sydney Smirke, with the 
information that the encaustic embellishments were by Mr. Sang*, 
it would, we suspect, have been very differently treated. Well, let 
us hope that it will be admitted again next season, for it certainly 
cannot be rejected as having been “ already publicly exhibited, 
unless being publicly put out of sight is just the same as being 
“ publicly exhibited. The hangers seem to think that they are at 
liberty to do just as they please in the Architectural Room, and 
commit all sorts of absurdities there without incurring the slightest 
censure. Theyknow well enough that the architectural drawings are 
never spoken of by the newspapers press; the hangmen* however, 
are merely the executioners : they are not responsible for judicial 
blunders and want of judgment in the judges themselves, who not 
content with condemning this year many meritorious architectural 
performances, by rejecting them, have, by admitting them signified 
their approbation of a great many others which, whatever some 
among them may be as drawings, are below mediocrity as designs. 
If it be the policy of the Academy to bring architecture — that is. 
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architectural drawings, into still further discredit and disfavour 
with the public, as a step towards suchworks being excluded alto- 
gether, after its being voted to be beneath the dignity of a Royal 
Academy to admit them into its exhibitions, much as we may 
admire tne astuteness of such policy, we must reprobate its trea- 
cherousness. 

To begin — as it is now high time for us to do, our notices of such 
drawings as we can now speak to, we will first of all mention those 
which belong to what is invariably the most scanty, though assuredly 
not the least interesting or least important cuss of subjects, we 
mean Interiors. One of them, whose title excites curiosity the 
most, is, as has already been stated, put quite out of sight. The 
next, No. 1117, u The Drawing Room and Corridor of the Army 
and Navy Club-house,** Messrs. Allom and Cross , fares very little 
better, it consisting of two small drawings in the same frame, 
which being only slightly tinted in sepia, and hung up considerably 
above the eye, are hardly observable.* Of these two subjects we 
prefer the “ Corridor** one, as manifesting, besides taste and con- 
siderable novelty also, more judgment with regard to due gradation 
of effect than the usual mistakenly ambitious practice of making 
the approach to the apartments in a club-house or private mansion 
far more impressive and important — architecturally speaking — than 
the rooms themselves, — pompous prefaces to what is, if not actually 
paltry, more or less common-place. We question whether the 
actual Club-house now in progress will be able to show anything half 
so full of effect — so scenic, yet not at all extravagantly or forcedly so, 
but rather ouite the reverse — as this portion of Messrs. A. and C.*s 
design would have been. At the same time, we think there wqs 
more than one other design offered that was upon the whole still 
better than theirs. However, the Club, or perhaps the Count — 
the Hereules who wields that club, and against whom all the argu- 
ments of criticism count for nothing, has decided differently. We 
find that we have passed over in its numerical order, an interior 
placed conspicuously enough, therefore not at all likely to be 
passed by unnoticed on the wall, viz., No. 104, w Design for the 
Interior of a Room, decorated with Illustrations of the Coldstream 
Guards,** H. Shaw . This design is about as odd as its title is oddly 
worded. The drawing is a large and pains-takingly laboured one ; 
the “interior** of the room shows what is meant for florid Tudor 
Gothic in all its floridness, in which flags and heraldic embellish- 
ments bear a prominent part ; still it is not by any means to our 
taste, and we therefore consign it over to the “ illustrated ** if not 
illustrious Coldstream Guards, for their especial admiration. As 
No. 1899, u Drawing of an Ancient State Pall belonging to the 
Company of Fishmongers,** is by the same exhibitor, it may pro- 
perly enough come in for notice immediately after the preceding. 
Its title shows it to be an exceedingly antiquarian affair — far more 
antiquarian than at all architectural. It is, in fact, little more 
than a highly-laboured drawing of a more curious than tasteful 
needle-work relic. What business it has to be here in one of the 
very best situations, we do not understand ; on the contrary, 
marvel much at finding it here at all, knowing, as we happen to do, 
some of the architectual designs which were turned away in order 
to make way for such a very old-ladvish affair as this. Perhaps it 
took the fancy of the old ladies in the Academy. 

No.^1200, “Entrance Hall and Staircase of the British Mu- 
seum,** as decorated by L. W. Collman, is a large and most capti- 
vating drawing, and strange perhaps to say tolerably well- 
placed. As to its subject, it is not so acceptable as one less known 
would have been, the Museum being freely open to every one ; and 
so far, we could wish that Mr. C. s drawing had changed places 
with Mr. Sang* g, — the interiors of club-houses being not made of 
“ penetrable stuff,** but their beauties as carefully secluded from 
gaze profane and critic's eye, as are those of an eastern harem. 
In itself, the Museum staircase is not particularly striking — strik- 
ing only by comparison with the plainness and bareness » of the 
other parts of the building — the King's Library alone excepted. 
Faithful, too, as is Mr. C.’s representation, it is a flattering one, 
because of the hall itself it shows nothing more than what serves 
as fore-ground to the staircase, which is seen directly in front. 
All disturbing circumstances — all that detracts from or interferes 
with the scenic effect, as the staircase is thus shown, is kept out 
of sight. You are at liberty to fancy that it displays itself thus 
on first entering, or that if not at one extremity of the hall, it 
comes in at least at the centre of one side of it. — No. 1224 gives 
another staircase — viz., that at “Beaumanor Park, Leicestershire,** 
W. Railton ; in favour of which very little can be said, either as 
regards the design itself, or the manner in which the view is 
taken. The style adopted is the heavy, cumbrous Elizabethan, 
whose quaint carved-work is far more costly than elegant, although 

* Although the Exhibition is doted, we speak as usual in the present tense. 


it costs an architect nothing — no study or thought, if he be content 
merely to copy without studying how to renne upon such style, 
and bring it into keeping with modern taste and notions as dis- 
played in all respects throughout a modern residence. — No. 1288, 
“ Design for an Entrance Saloon, adapted to the English climate,** 
W. Papworth, puzzles us exceedingly. In what particular respect it 
is more adapted to our climate than any other room, we are unable 
to guess ; unless it be that its excessive gaudiness and flutter of 
colours is intended to counteract the chilling influence of an 
English sky. Nor is the architecture at all better than the taste 
shown in embellishment as regards colour. The room has the look 
of a tawdry tavern “ saloon.** 

We have got to the end of “ Interiors," for we do not compre- 
hend under that designation those of Churches, both old and new ; 
the former of which are of course mere views, not the designs of 
those who here exhibit them ; while the latter, which might else 
be made to afford some exercise for inventive power and imagina- 
tion, are, thanks to our modern ecclesiologists, their pedantry 
and their prudery, strictly bound to imitate, and as far as possible 
facsimilize, the old ones ; — wherefore, to ecclesiologists ana to Mr. 
Urban, we leaye them. The only design of that date which 
struck us at the time, or which we can now call to mind with any 
distinctness, is 1183, “Highbury New Church, now erecting** by 
T. AUom . That this is a very charming drawing— one distinguished 
by its artistic treatment, we hardly need say, its author 3 name 
being a sufficient guarantee for such merit ; but it has also great 
merit in other respects. The architecture itself is treated artisti- 
cally ; — all the spirit and better qualities of the style — Gothic or 
mediaeval, as now matter of course, are preserved. The view 
here given of the church is, however, so exceedingly picturesque 
and episodical, that we cannot judge from it what the structure is or 
will be, upon the whole. Having mentioned this subject, we may 
be allowed to turn at once to another and quite different one, by 
the same architect — viz., No. 1229 : “ Continuation of a Design 
for Improving the Property on the Banks of the Thames, &c." 
This we take to be altogether “ a castle in the air** — too gigantic 
a scheme; not, indeed, an impracticable one, but one which has not 
the slightest chance of being realised, or even seriously thought 
of at all in our time, or Mr. Allom's. When he conceived it and 
was at work upon his drawing, Louis Philippe was upon his throne : 
that Louis is so no longer ; neither is Ludwig. Tempora mutan - 
fur; all Europe has received a shock — but we are getting prosy. 
To speak more architecturally and critically, we may observe, that 
for “ improving property on the banks of the Thames," we should 
read “ on th4 north bank of the Thames," because, like every other 
which has had a similar object in view, Mr. Allom’s scheme pro- 
vides no improvement whatever for the south or opposite bank of 
the river, the meanness and deformities of whose buildings would 
become more offensive than ever, were they to be confronted by, 
and looked at from terraces and quays on the north side, flanked 
by such facades as are represented in this design. 

There is more than one good drawing and very fair design for 
houses in the Elizabethan style— shall we ever get to a Victorian 
style ? — which we are unable now to particularise, but among which, 
if our memory deceives us not, as for reason explained it majr 
do— is No. 1115, “A House now erecting at Southend, Sydenham, 
ff, E . Cox and E. Goodwin . There is another drawing apparently 
by the same hand, but of a design by a different exhibitor, though 
in the same style, and similar also in many other respects ; yet 
which it is we cannot undertake to say, the pencil notes in our 
marked catalogue being nearly effaced. To confess the truth we 
must now hurry on to Finis, and content ourselves with merely 
naming some of the few things that deserve to be rescued from the 
imputation of dulness and mediocrity, or even worse, with which 
the architectural part of this year’s Exhibition is chargeable. — No. 
1112, “The Stoke Station, now erecting from the designs, and 
under the superintendence of H. A. Hunt,** G. Buckler, has con- 
siderable. merit in parts, but is very unequal, and therefore unsatis- 
factory as a whole. Here again the style is Elizabethan ; and did 
the drawing represent a bond fide production and monument of that 
age, it would be interesting enough ; but as a design at the present 
day, it partakes too strongly of the fidelity of the Chinese tailor 
who copied all the holes in the coat whicn was sent to him as a 
pattern of an English one. Considerable praise is due to No. 1211, 
“ Court-yard of a Gentleman’s Farm-house, lately erected ;** and No. 
1213, “ Design for a Chapel at Edmonton, both by F. W. Ordish ; 
also to No. 1270, “ Additions to Frankleigh House, Wilts,” H. 
Glutton. Although there is too much of the aforesaid Chinese 
tailor in it, we confess to relishing Mr. Harkwick’s design for a 
“ House about to be erected at Aldermaston, Berks," No. 1217. 
Pity that it is of the 4t olden time" and not of our own ; for if we 
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continue to go on thus, the nineteenth century will be positively a 
blank in the history of architecture, and, unlike that or Elizabeth, 
the reign of Victoria an absolute nullity. With No. 1201, “New 
Buildings in the Temple,” S. Smirke , we are by no means so well 
satisfied. Not only are they more continental than English in 
physiognomy, but they do not at all accord with any thing near 
them ; on the contrary, are quite a patch stuck upon that range 
of buildings which they are intended to carry on and complete. 
While others are effacing and defacing Soane's works, Mr. Smirke 
seems to be anxious to undo or else go quite counter to Sir Robert's 
doings. 


ON TRIGONOMETRICAL FORMULAE FOR FINDING 
THE LEVEL OF TWO DISTANT OBJECTS. 

By R. G. Clark, C.E. 

The object of this communication is to exhibit some simple for- 
mula, that may at one operation serve to determine the levels of 
distant objects with respect to the station from which the angles 
are taken. The subject may be considered thus : we have on a 
vertical plane H ADB, the given angles HAC, HAD, from H A 
the sensible horizon, and the given height C D, to determine the 
level of D at the base with respect to B, the base of the station A. 
(see fig. 1.) 

There are two cases : first, when the vertex A of the station is 
above the level of the summit of the object C D ; and, secondly, 
when the vertex A is below the level of C. 

1st. Let the given angle of depression H A C = p; also the angle 
HAD=«; the given height of the object CD=A; and HD = y, 

Then by the triangle C A D we have 

sin (0—0) :h: : sin (90° — fl) or cos 0 ; = A C. 

' sin (0 — P) 

By the right-angled triangle A H C, we have 

sin/j : y — a : : i : t* = AC. 

sin $ 



«g. I. 

Equating the above values of A C, 

h . cos 0 y — h 

(0 sin — 0) — sin $ * 

Therefore, h . cos 0. sin P = (y — h ) . sin (0 — P) 

. = (y — h) (sin 0. cos P — cos 0. sin P) 

— y . sin 0 . cos p — y cos 0 . sin P — h . sin 0 . cos p + h . cos < 
sin p ; by transposing, y( sin 0 . cos P— cos 0 . sin p) = h . sin ( 
cos p (1.) 

it h . sin 0 . cos P 

lienee y =r ~ , or y = h . sin 0 . cos B . cosec . (0 — jS) (5 

Dividing each side of (1) by sin 0. cos 0, we have 

• ; but tan P = — — ; therefore, 

» cot p 9 ’ 


y = 


1 — cot 0. tan p* 


v=z h . cot P — 

cot p — cot 0 ( s *) 

thjj^ formu,a (*) ma y b « adapted for logarithmic computatioi 

Log y = log sin 0 + log cos fl + log cosec (0 — 0) -f l 0(r i, qq 

The equation (3) can be effected by natural coltanirents tot 
found in Hutton s “ Mathematical Tables " An example ’issul 
joined to elucidate the equation (2). p 8UI 

Ex. It being required to determine the level of two objects b 
angles of depression from the sensible horizon, taken at the summ 
of an edifice, as St. Paul’s, the height being 404 («* fi* o . f he Z S 

= Mket 3 °*°' : thCangle HAD = ^ 30 'i aa d the hejCT! 

Here 0 = 8° 30' ; fl = 3°20'; 0-0 = 5’ 10’; and h = 300. 


By formula (2) we have 

Log sin 8° 30' 9*169702 

Log cos . 3° 20' 9*999265 

Log cosec . 5° 10 ... 11*045501 

Log 300 2*477121 


2*691589 = log H D = log 491*7. 
Therefore 491-7 — 404 = 87*7 feet. 

Hence B is 87*7 feet above the level of D. 


2nd. When the summit of the station A is below the level of the 
vertex C of the object C D, fig. 2. 

Let HD = j/'j DC = A'; the angle H A D = 0 ; and the angle 
H A C =■ 0 ; and proceeding exactly the same manner as before, 
we have 


h' . sin 0 . cos P 

* ~~ sin (0 + P) ’ 


or = h . sin 0 . cos P . cosec (0 + P) 


(4.) 


And y = 


ft . cot ft 

cot P + cot 9 


(5.) 


The only difference being in the signs. 

Hence DC AB = height of one object above the level of the 
other. 



Remark . When the angles are taken to seconds, it is more 
advantageous to use (2) and (4), as the case may be, to ensure 
greater accuracy. To solve the foregoing question by the First 
Case of Plane Trigonometry would require thereby more than two 
operations : hence the manifest value of the above formulae. 

The subject is a valuable exercise to the young student in sur- 
veying, as giving him proper ideas of the utility of trigonometrical 
formulae for the means of rendering operations more simple lor 
computation. 


ISOMETRICAL PERSPECTIVE. 

It is to be regretted that isometrical perspective is not in more 
general use amongst engineers and architects ; but the infrequency 
of its application to designs of machinery and buildings, arises in 
a great measure, perhaps, from the difficulty usually experienced 
in properly representing curved lines. In this kind of perspective, 
we know that a circle inscribed within a square is represented by 
an ellipse touching the centre of each side of an oblique paral- 
lelogram, as in the annexed figure. Now, there is no instru- 
ment which can be set to describe 
such an ellipse, unless we first dis- 
cover the transverse and conjugate 
diameters a, 6, and c, tf, — a some* 
what troublesome preliminary. It 
is, therefore, much to be desired 
that an instrument could be con- 
trived, whereby the draughtsman 
would be enabled to produce the 
ellipse with no more trouble than 
,. . . the simple measurement of the 

radius of the circle to be represented. Perhaps the following 
suggestion may supply that desideratum 

* 0 ® block of metal a, let there be two projecting pieces, c and 
d, each one carrying a pair of radius-bars e,/, and o, h ; let those 
bars exactly agree m length, and let each pair be so united by a 
pin passing looselv through the projecting piece, that their centre 
lines form an angle of 30°. Then, if e ana y be made to carry a 
straight bar Ar, and/* and h an arch /, having a tongue or blade m. 
which bears upon Ar, we shall have an instrument by means of 
which we can describe an isometrical ellipse; and the mode of 
using it will be to press upon o, with the thumb of the left hand, 
and with the finders of the same hand turn the arm m, and 
thereby the two pairs of radius-bars — while at the same time the 
nght hand holds a pencil point in the corner o, at the crossing of 
m and k. The pencil will thus be made to describe half the iso- 
m etncal representation of a circle, whose radius is equal to that of 
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the arms e,f, g, h ; and by turning the instrument or the paper 
round, the other half may be drawn with equal facility. 



By constructing the instrument so that the arms could be ad- 
justed to any radius at 


we should then be enabled to 
represent a circle of any cfiameter within its range. Ellipses, also, 
could be represented \n this kind of perspective, by its means. If 
it were required to show the semi-ellipse a, 6, c, d, the only ad- 
justment necessary would 
j be to set the radius of / and 

h to the line a, b, and that of 
e and g to the line 6, d, — 
and the curve produced 
would be the true figure, ac- 


cording to the rules of the art. Moreover if the angles formed 
by the arms could be altered at pleasure, we should have at com- 
mand an infinite variety of simple curves, embracing all that are 
derived from the isometrical projection of regular figures in any 
plane. 

The form of the instrument may differ materially from that 
represented here — it may be made to describe the whole figure 
without being moved from its first position ; but our sketch and 
description will, no doubt, be sufficiently suggestive of all that is 
required to render it efficient. 

R. B. C. 


PORTABLE COFFERDAM* 

SPECIALLY ADAPTED FOB HARBOUR AND OTHER MARINE WORKS. 

By Thomas Stevenson, F.R.S.E., Civil Engineer, Edinburgh. 
(Read before the Royal Scottish Society of Arts , January 10, 1848 . ) 

When it is necessary, in the execution of marine works, to carry 
on founding or excavation in exposed situations within the high- 
water mark, cofferdams of the common description are not found 
to be answerable. Many circumstances conspire in rendering such 
erections inapplicable in situations where they are required to 
stand for several tides. The waves occasioned by a very moderate 
breeze of wind wilL in many cases even in the course of a few 
hours, either entirely break up a well-constructed cofferdam, or 
render it leaky and unserviceable. Again, where there happens to 
be a covering of a few feet of sand above a rocky bottom, the piles 
will be found, even where there is shelter from the waves, to have 
no stability, and to fall inwards as the sand Is removed from the 
interior, although every care be taken to support them with shores 
or struts. 

The temporary dams which are generally employed in the execu- 
tion of tide-works are of a very simple construction, and are in- 
tended to be serviceable during only one or two tides. They consist 
of a row of short piles which are driven in the line of a runner or 
waling-piece, and as the excavation proceeds, the piles are from 
time to time driven farther down. But this kind of erection is 
very unsatisfactory, and in many situations, and for a variety of 
purposes, it is in fact quite useless ; for I have always found that 
it was impossible with this dam to drive the piles straight, from 
there being only one waling-piece to direct them. But even 
although they could be driven, a farther source of inconvenience 
still remains, for, as the stuff is removed from the interior, there is 
nothing left but the single waling to resist the pressure from the 
outside, and the bottoms of the piles being speedily forced inwards, 
all attempts to carry the excavation farther must necessarily be 
abandoned. 

* A a abstract of this paper was firen la the Journal of February last, p. 62. 


At Hynish harbour, Argyllshire, in 1843, I had a talus-wall to 
found on sand, which covered a rocky beach to the depth of from 
two to three feet. At another place, the rock was not only to be 
bared, but a navigable channel, twenty feet wide, and in 6ome 
places as deep as eight feet in the rock, together with a small tide- 
basin, were to be excavated to the level of the low -water springs. 
The shores also were frequently subject, even during the summer 
months, to a very heavy surf. 

The excavation of the tide-basin, which formed the landward 
part of the work, was effected by means of a series of dams, con- 
sisting of walls, built of pozzolano rubble. These were found to 
be quite water-tight, and to answer remarkably well in every 
respect ; but they required, for their protection against the waves, 
a considerable bulwark or breakwater of Pierres perdues to shelter 
them from the waves. 

In the excavation, however, which had to be undertaken seaward 
of the breakwater of Pierres perdues , any attempt to exclude the 
water during the whole of the tide, was what I never considered 

E racticable. A trial was accordingly made to effect the excavation 
y means of a low wall, composed of a clay-rubble, resembling in 
its object those low dams consisting of logs of wood bedded in 
clay, which are often adopted in harbour-works, and which are 
only intended to keep out the tide during the first part of the 
flood, and to be pumped dry before the operations of the next tide 
are begun. But after many attempts with this clay-wall, it became 
quite evident that it would not be possible, with its assistance, to 
carry the excavations to near the level of low-water springs, which 
was due principally to two causes. First, because sand ana shingle 
were, during almost every tide, washed in large quantities over 
the top of the wall into our excavation pit ; and, secondly, because 
the waves washed out the clay from among the stones, so as to 
render the barrier no longer water-tight. 

Being now compelled to set about some other way of carrying on 
the wont, I had recourse to the simple method shortly to be ex- 
plained, and which more than realised my expectations. Before 
giving a description of this method, however, it will be interesting, 
as well as still farther explanatory of the required objects, to quote 
a few lines relating to somewhat similar difficulties, from a Report 
upon the Harbour of Peterhead, which was drawn up in the year 
1806 by the late Mr. John Rennie : — u The next material object of 
consideration,” says the Report, “ is that of deepening the harbour, 
which at present cannot well accommodate vessels drawing more 
than 12 feet of water in the spring-tides, but in neaps is not suffi- 
cient. To render this harbour more extensively useful, it would 
be advisable to have 17 or 18 feet of water over the greatest part 
of its bottom, and particularly along the west quay. The mode of 
performing this kind of work will be different, according to the 
difference of situation. Those places where the tide ebbs from the 
surface, and continues so for some time, may be done by blasting, 
or by loosening the stones with quarrying tools in the usual man- 
ner ; but in those parts where the tide seldom leaves the bottom, and in 
others but for a short time , different methods must be resorted to. The 
best of all would be enclosing large spaces by cofferdams, and 
working at all times of tide by quarrying tools or blasting, as 
might best suit ; but in some situations this would be inconvenient, 
as the dams would be in the way of vessels going into and coming 
out of the harbour. In such situations perhaps the simplest and 
most expeditious mode would be to use cast-iron cylinders of 7 or 8 
feet diameter, having strong canvas fixed to the lower flanch, 
which might be kept to the bottom by bags of sand in places where 
there was but little agitation ; but where there is much, an oute^ 
cylinder might be sunk thereon, to keep them in their situations.** 
The cylinders proposed by Mr. Rennie were, no doubt, quite 
adequate to the special purpose and locality for which they were 
designed, and they unquestionably possess some advantages not to 
be gained by otner means; but, on the other hand, they are 
attended with difficulties and disadvantages which precluded their 
adoption in the present case. Those objections were the limited 
area, the weight and unwieldiness of such cylinders, their inflexible 
nature and unalterable form, as affording no means in themselves 
of adaptation to the very irregular rocky bottom which was to be 
excavated, and what was of as much consequence, the difficulty 
which must have attended the removal of the partitions of rock, or 
those parts which would necessarily be left between the different 
compartments of the cutting. The last two objections, it may be 
remarked, refer equally to wooden caissons, or other contrivances 
on the same principle. 

In the present case, then, the following requisites were to be 
provided for. In the founding of the talus-wall, all that was re- 
quired was some method which would enable the found-stones to 
be laid as deep in the sand as possible, for which purpose the dam 
did not require to be absolutely water-tight, provided it were 
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capable of excluding from the inside the sand which was so liable 
to replace what was removed from the interior. For the excava- 
tion of the rock, on the other hand, it was necessary that the dam 
should be water-tight, and suitable for taking out all the parti- 
tions ; and both situations required piles for fitting close to the 
irregular bottom, and those piles needed some support other than 
the soil into which they were to be driven. 

To effect such objects, it was clear that the means to be adopted 
must be at once easily managed and efficient. For although, 
where there is time for their employment, many complicated and 
troublesome refinements of construction are forced to answer 
purposes which might have been attained by simpler means, or by 
less cumbrous arrangements, vet I was well aware that in the 
hurrv and bustle attending tidal operations and night-work, nothing 
can be tolerated but what is in every respect easily managed and 
truly efficient. 

In the accompanying diagrams, A G represents a frame of 
double waling-pieces connected at the angles by the uprights 
I I, and bound together by the long bolts L, with forelocks 



and washers, while E F shows similar double-framed walings for 
the inside of the dam, and of smaller dimensions, with their up- 
rights D, and connecting bolts K. These frames being placed in 
the required position, the one frame inside of the other, the piles 
C, are driven down between them with heavy malls. 

The dam was 12 feet long by 10 feet broad inside, so that five 
men were able to work in the interior.* If it was to be fixed 
within low-water mark, the two frames being placed in the water, 
were guided to the spot by the men in charge, and whenever they 
were in the desired position, the men at once moored or fixed the 
frames to the bottom, by driving down a pile at each corner. After 
this was done, all the piles were placed between the frames and 
driven down, and keyed up by the small piles called “ closers.** 
Four iron jumpers J, were tnen driven down to their proper places 
outside of the frames, and edge planks for retaining the clay were 
slipped down upon the jumpers through iron staples, which were 
fixea to the planks. After this, good clay (which should have some 
gravel mixed with it, to protect it from the wash of the sea) was 
punned hard between the planks and the cofferdam, after whicn the 
mast N was erected, and the water taken out by means of the iron 
scoop shown in the drawing, which not only was used in taking 
out the stuff, but proved far more efficacious than any pump we 
ever had. Indeed, to get the dam pumped dry was for long the 

S -eatest difficulty we had to contend with. But Mr. William 
ownie, to whom I gave the charge, soon removed this difficulty, 
by using the scoop instead of a pump. The capacity of the scoop 
was about 37 gallons, and they generally made nine deliveries a 
minute, so that we found this method greatly more expeditious 
than any other. 

As the excavation proceeded, the piles were from time to time 
driven down ; and when the rising tide began to come over the 
pile-heads, or to rise above the clay, the men, before leaving their 
work, placed the flooring or “ deck” as it was called, within the 
piling, with the ends of the planks resting upon the top of the 
inner frame. On this deck, ballast (consisting of stones of a con- 
venient size) was deposited to prevent the whole frame from being 
floated up, — the quantity so deposited varying with the height of 
tide, or appearance of the weather. As each compartment of the 
excavation was completed, and before the dam was removed, the 
rock below the two rows of piles which adjoined the next cuttings 
was completely taken out, and the piles driven down to the bottom 
of the excavated pit, and left standing.t When the dam was 
taken up, the frames were, for the next compartment of cutting, 
again superimposed upon one of the rows which had been left 
standing in the last pit. In this way no rock could possibly escape 
being removed ; and when the frames were to be put down anew, 
there was no difficulty ( although the pit was entirely covered with 
sand) in knowing exactly the position which they were to occupy, 
as the piles which had been left standing were an infallible guide. 

The advantages peculiar to this description of dam are its cheap- 
ness, — its portability, — its ready adaptation to a sloping, or even to 
a very irregular bottom, — the ease and certainty with which the 
partitions between the different pits are removed, — and the double- 
ts amed walings that support and direct the driving of the piles. 
Wherever excavations require to be made in a rocky beach, covered 
by a stratum of sand, however thin, there need not be any hesita- 
tion in adopting this form of dam, as there is no kind of lateral 
support, such as stays or shores wanted, the structure containing 
within itself the elements necessary for its stability. It possesses, 
indeed, all the properties of a caisson, and has the further advantage 
of accommodating itself to an irregular bottom. £ 

I may observe, in conclusion, that although this form of con-* 
struction is specially adapted to marine works, in the execution of 
which it has proved a most valuable auxiliary, the ‘same principle 
might also be carried to a greater extent, and be rendered fit, with 
little trouble, to answer for a variety of works, — such as under- 
footing quay walls, founding bridges, and in removing fords or 
other obstructions from the beds of rivers. The application of a 
double-framed waling I have also found in itself a very useful ap- 
plication in several situations, and for a variety of purposes. 

•Since this paper was printed, a cofferdam on the same principle and thirty-fire 
feet square, has been made for the Forth Navigation works, Stirling, where, in the 
remoral of the ** fords,” under my direction, much difficulty has hitherto been expert, 
enced, from the constant flow of the river. 

t Before lifting the cofferdam, the pit was filled with sand, to support the piles that 
were to remain, which, when the works were done, was cleared out by means of a water- 
scour, provided for the purpose of keeping permanently open the narigable tract. 

I In situations also, where there Is a considerable depth of water, and where, conse- 
quently, the frames mast he made ao as to stand high above the ground, it will be found 
or great advantage to plank the outside of the frames between A and G. This wiU not 
only make the dam more water-tight, but havs the effect of binding and strengthening 
the framework. 
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THE THEATRES AND PORTICOS OF ANCIENT ROME. 

Paper read at a meeting of the Royal Institute of British Architects , 
June 12/A. By the Rev. Richard Burgess, B.D. 

In looking among my antiquarian and literary stores to prepare 
a subject for the Institute, I again found that it was not necessary 
for me to go out of old Rome, for although in a series of papers 
spread over some twelve years, I have led you “o’er steps of 
broken thrones and temples,” and placed you in forums, baths, or 
halls, I have never yet described to you the theatres and porticoes 
which formed so important a feature in the architectural beauties 
of Rome. 

The amphitheatre was an edifice unknown to the Greeks, the 
theatre was hardly ever naturalized among the Romans, and with 
the exception of some tragedies, ascribed to Seneca, which are lost, 
it does not appear that a single Roman tragedy was ever composed 
upon a Roman subject. Porticoes, which were generally in the 
vicinity of theatres and circuses at Rome, are the natural growth 
of a climate subject to great heat and sudden rains : we lose in 
these northern regions that great ornament of a city, the portico. 
Our admiration is limited to arcades and covered markets, which 
it must be confessed are more for use than ornament. But I 
return to the theatre. The ancient and modern drama differ as 
widely as the buildings in which they were respectively acted, and 
I shall hardly succeed in making my Roman theatre intelligible, 
unless 1 first indicate a few of the leading features which run 
through the Greek drama and its Roman descendant. The subject 
is by far too vast and intricate for me to attempt anything like an 
essay upon the Greek stage, and therefore I must limit my obser- 
vations to what is strictly necessary for explaining the internal 
arrangements of the edifice. The Greek drama dealt more in set 
speeches than in broken dialogues, and did not admit more than 
three interlocutors at once : the action or event represented was 
brought within the space of time in which it might in reality 
have been accomplished. As a general rule, there was no change 
of scene during the piece. In every tragedy there was a body 
called a chorus , who took no part in the action of the piece, but 
reflected upon what was going on, and generally expressed what 
might be supposed to be the sense of the audience. The chorus 
did not come upon the stage, but occupied the orchestra, varying 
the dialogue which they sometimes held with the actors by choral 
songs and dancing. These terms of stage and orchestra I shall 
shortly have to explain. 

Dramatic entertainments, both in Greece and Rome, formed 
art of the public expenditure, or they were exhibited gratuitously 
y some wealthy or ambitious citizen. The theatres, therefore, 
were of immense size, for they were meant to contain (in Greece, 
at least) the whole male population of great cities. The per- 
formance usually took place also in an uncovered theatre in 
Greece ; but Roman luxury, at a later period, invented the awning. 
I once described to you, when I read a paper on the Colosseum, 
how this awning was contrived to cover such an immense space ; 
and I must be allowed to suppose that you have not entirely for- 
gotten that description. It any of you are desirous of satisfying 
your curiosity upon the Greek stage, I must refer you to “ Butenger 
de Theatre,” for I now hasten to the buildings themselves, which it 
is the principal object of this paper to describe. The origin of 
the theatre is rather ignoble ; — it was originally a wagon, in which 
Thespis conveyed his actors about, with their faces besmeared 
with lees of wine, and from which they spoke their parts to the 
crowd assembled around them. To the ambulatory wagon of 
Thespis succeeded a moveable wooden structure, which was set up 
and taken down at pleasure, and it was in consequence of one of 
these structures having given way under an unusual crowd, that 
the first stone theatre was erected in Greece, by Themistocles, not 
long after the defeat of Xerxes. From this they began to in- 
crease in number, and we have the remains of several yet existing, 
both in Greece and in that part of Italy which was Greek in 
language and customs long after it came under the Roman 
dominion. We have also those remains of Greek theatres in 
Rome, to which I shall shortly direct your attention. A theatre 
became so necessary an appendage to a town, that Vitruvius gives 
systematic directions concerning the selection of a site. In his 
fifth book, cap. 3, we have the following j — w When the forum is 
finished, a healthy situation must be sought for, wherein the 
theatre may be erected, to exhibit sports on the festival days of 
the immortal gods, for the spectators are detained in their seats 
by the entertainment of the games, and remaining quiet for a long 
time, their pores are opened and imbibe the draughts of air, which, 
if they come from marshy or otherwise unhealthy places, will pour 


injurious humour into the body. Neither must it front the south, 
for when the sun fills the concavity, the enclosed air, unable to 
escape or circulate, is heated, and tnen extracts and dries up the 
juice of the body. It is also to be carefully observed that the 
place be not dull, but one in which the voice may expand as 
clearly as possible. One cannot let pass this quotation from the 
great architect of the Augustan age, without remarking that the 
selection of a site for an important public building was considered 
by Vitruvius as falling within the province of the architect. A 
healthy place for the theatre selected, we come next to consider its 
shape and disposition. 

The form of the Greek theatre originated, as is thought, in the 
natural recess of a hill-side, and most of the theatres whose 
vestiges I have visited in Greece, occupy that position. Mantenia, 
built in a marshy place, offers an exception, and 1 believe there is 
another exception in Asia Minor ; but it was evidently the practice 
to lighten the labour of erecting such buildings by making use of a 
ravine, or locality adapted to the purpose. At Megalopolis I was 
able to trace the whole cavea or hollow of the theatre, partly cut 
out of a hill ; but the seats are overgrown with thick brushwood. 
The same economy is observed in most of the Greek stadia also, and 
even the council of Areopagus sat on seats, cut out of, or inserted 
into Mars’ Hill. At Nicopolis, near Prevesa, the form of the thea- 
tre on the hill-side is preserved, and much of the proscenium. At 
Smyrna I was able to trace the cavea in a similar position, and also 
at Ephesus we get to the slope of Mount Prion, which overlooked 
the Temple of Diana, in the plain of the Cayster, before we find 
the theatre. Whilst the Greeks, however, hewed seats out of the 
reck, or excavated to a depth suitable to their purpose, as the 
nature of the ground allowed, the Romans usually built their 
theatres upon arches, and massive walls rose (as we see the theatre 
of Marcellus still existing at Rome), with two or three orders, 
like the Colosseum. The hollow which perhaps originally was 
adjusted according to the nature of the ground, in no definite 
curve, ended in a perfect semicircle. This was called in Greek 
“ Koikw” and in Latin cavea , and was the part for the audience. 
The other part was devoted to the business of the play, and thus 
we arrive at the two principal parts or divisions of the theatre. 
The koiAok, or cavea, is easily described ; it was bounded by the 
segments of two concentric circles, the inner arc separating it 
from the orchestra ; in the Roman theatre it seldom exceeded a 
semicircle, but sometimes the extremities of the semicircular arc 
were prolonged by straight lines ; the Greeks took more of the 
circumference of the circle, and cut the tcoikor by lines drawn from 
its extremities converging towards the centre of the circle, by 
which arrangement more space was made in width for the scenu 
or stage. The cavea was fitted up with rows of seats rising in 
succession, so as to afford each tier an uninterrupted view : the 
whole was divided, as m the amphitheatre, into flights by ht eurtc^ara 
or prcscinctiones , which is the Vitruvian term for our landing- 
place. The prcecinctio ran round the whole, and afforded an 
access from one flight to another. The entire arc was again cut 
into sub-divisions, called in Latin, cunei, from being 

formed like wedges : the lines which effected those sub-divisions 
were called JcAijiaro, or scaUe ; these (which in the Roman circus 
were called via) led from the bottom to the top of the theatre, 
and they all converged to the centre of the orchestra. The 
lowest seats were considered the best, and were, in fact, the re- 
served seats for the magistrates and persons of office. As the 
audience rose in height, it descended in quality, until it reached 
the open portico at the very top, which has its counterpart in our 
shilling or sixpenny gallery. This portico, however, in an un- 
covered building was of some use, in confining the sound and 
giving shelter to the spectators from a passing storm. A «cotW, or 
cavea , such as I have now described, would contain, in some of the 
largest theatres, as many as 30,000 to 40,000 spectators, which is 
about the capacity of those whose remains are yet to be seen in 
Rome. I now come to the other part of the theatre, which is 
more complicated and more difficult to describe. In Greek we 
have to deal with the three terms of opttrppa and vapaoema. 

In the Roman language, we have the three corresponding terms of 
orchestra , pulpitum or scene, and postscenium , to which we are to 
add the porticos. I shall content myself with describing the 
Roman arrangements, and simply pointing out where the Greek 
theatre differed. Talcing the cavea to be a semicircle, the con- 
centric arc which separates the audience was also a semicircle, 
and this 6pace, bounded by the diameter, was the orchestra, — not 
so called from anything relating to music, but because it was the 
place for the dancer* In the Greek theatre the segment was less 
than a semicircle; but if the circle bo completed and a square 
inscribed in it, whose sides are parallel to the diameter, the side 
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farthest from the cavea fixes the front of the stage ; but in the 
Roman theatre the diameter itself determines the front of the 
stage, or pulpitum. The stage, therefore, in the Roman theatre, 
is brought nearer to the audience, and made deeper. The length 
of the stage was two diameters of the orchestra. The increased 
depth was rendered necessary on account of the greater number 
of persons assembled upon it; for the Romans put both the 
chorus and the musicians upon their stage. The points from whence 
the several staircases began to ascend the cavea were fixed by the 
vertices of four equilateral triangles, inscribed within the circle 
(when completed) of the orchestra. In the Roman theatre, as we 
have already observed, the front of the stage was called the 
pulpitum ; and it was from that part that the interlocutors spoke. 
Some think that the pulpitum was a little elevated above the level 
of the stage ; but at all events, the word has passed into use for 
designating a place to speak from in our sacred edifices. The 
lowest range of seats was raised above the area of the orchestra 
(one-sixth of its diameter), and the seats themselves did not exceed 
1 ft. 4 in. in height. The stage in the Roman theatre was only 
elevated 5 feet above the seats in the orchestra : in the Greek 
theatre it was double that height. I have only hinted at the 
geometrical precision with which all these things were defined, 
and I shall relieve you from such dry details by a reference to the 
drawings behind me. The postscenium speaks for itself : it was a 
long narrow gallery behind the scena, where the actors retired, 
and where apartments or compartments were provided for them* 
From the postscenium were passages into the porticoes or gardens, 
which generally surrounded the theatres : but to these I shall have 
occasion to refer when I have finished the history and description 
of the theatres at Rome, to which I now come. 

I have already remarked, that the earliest theatres at Rome, as 
well as at Athens, were but temporary erections of wood. The 
Romans were satisfied with standing-room for 200 years, and no 
seats were allowed ; w lest,” as Tacitus says, “ if the people sat, 
whole days might be spent in idleness.” Notwithstanding this 
prohibition to build permanent theatres, the temporary edifices 
were constructed with a magnificence which surpasses all belief. 
The wealth which supplied those theatrical exhibitions was gene- 
rally the plunder of rich provinces : easily earned, and as easily 
dissipated, merely to obtain favour with the people, and procure 
still more lucrative appointments. All the bribery and corruption 
that ever came before a committee of an English House of Com- 
mons sink into insignificance compared with those times “ when 
Rome was free.” The treating of our “ worthy and, independent 
electors” at the open house of the candidate, was economy and par- 
simony compared with the lavish expenditure of a candidate for 
the honours and emoluments of a Roman governorship ; and we 
cannot doubt, that whilst those worthy citizens were feasting for 
whole days at the expense of a Scaurus or a Curio, they would be 
loud in the praises of liberty ; and had they known how to put 
their exclamations into the polite language ot modern Europe, the 
air would have resounded in the midst of those entertainments 
with “ Vive la Republique !” It was not until the year of the city 
699 (that is, within 53 years of the Christian era), that a theatre of 
solid materials was built at Rome, and this was constructed by 
Pompey on his return from Asia, at the close of the Mithridatic 
war ; but even Pompey found it expedient to pay a deference to 
the popular feeling. “ Therefore,” says Tertullian, u Pompey the 
Great, less great by his theatre only, when he erected that strong- 
hold of wickedness, dreading lest the rebuke of the Censor might 
injure his memory, he built a temple to Venus on the top of it, and 
when he invited the people to come to the dedication, he did not 
call it a theatre, but the Temple of Venus, to which, he said, we 
have subjoined seats for seeing shows/ ” The seats were therefore 
considered as the steps by which to ascend to the temple. We may 
call this either a pious fraud or a legal fiction. A piece of marble 
was found, in 1525, near the site of Pompey 's theatre, on which 
Marliano read the words, “ Veneris Victricis . This building was 
erected in the third consulate of Pompey, and when the inscription 
came to be placed on the frieze, a dispute arose whether it would 
be cos. tertio or tertium . The matter was referred to Cicero, who 
advised the disputants to settle the controversy by writing cos . 
tert. 

At the dedication of his famous theatre, Pompey produced twenty 
elephants ; and when he was accused in the senate of introducing 
too much luxury into the city, he convinced the conscript fathers 
that it was an economy to build a solid theatre at once instead of 
raising a temporary structure on every occasion of giving shows. 
The Temple of Venus served very well as a pretext for making 
seats, gradus spectaculorum ; but it could not equally be alleged 
for erecting a solid stage. It was not until the reign of Tiberius 


that this part of the theatre was added, and finally completed by 
Caligula. It was dedicated anew by the Emperor Claudius, who 
restored it after a fire, and it reached its greatest splendour in the 
time of Nero. Two vanquished chiefs, who came from the north 
of Germany to render submission to the emperor, were taken to 
Pompey’s theatre in order that they might see the greatness of the 
people. It contained, according to Pliny, 40,000 spectators; and 
when Tiridates, king of Armenia, came to Rome, Nero caused the 
whole to be gilded, to show off the magnificence of the Romans to 
the vanquished Asiatic. It passed through a succession of events 
until Theodorus commissioned Symmachus to rebuild it; butnot long 
after it shared the fate of the rest of the splendid edifices of Rome, 
and finally came into possession of the Ursini family, who occupied 
that quarter of the city in the wars of the middle ages. In the 
fifteenth century, an inscription, found with the name of Pompey, 
directed the antiquary to find out its site. Another indication of 
the place where this theatre stood was given in the finding of the 
famous statue which is now in the Palazzo Spada. That statue 
was found under the partition wall of a house, and lying across in 
such a way as to give two proprietors of the house a claim to the 
treasure: not able to agree about dividing the spoil, they came to the 
resolution of cutting Pompey in two, and each man taking his own 
half. The matter having reached the ears of Cardinal Capodifezzo, 
he hastened to Pope Julius III. to inform him of the judgment 
that had been pronounced upon the statue. The astonished pope 
dispatched a messenger witn all haste, and sent 500 scudi to be 
dividad between the litigants, instead of Pompey. Flaminius 
Vacca, who relates this anecdote, says the statue was found near 
the Palazzo della Cancelleria, in the Vicolo dei Scutari. The 
statue did not stand in the theatre, but in the Curia which Pompey 
built as an appendage to it ; and the belief still obtains that it is 
the statue at the feet of which Caesar fell. Being thus directed to 
the site of this famous building, we find ourselves in the immediate 
neighbourhood of the Church of St. Andrea della Valle. From 
near that church to the Palazzo Pio, the site is marked by a gradual 
rising of the ground, but no vestiges meet the eye. In order to 
see the remains of Pompey *s theatre, we enter the court-yard of 
the Palazzo Pio, and descending into the vaults upon which the 
Palazzo is built, we find ourselves, at the depth of 40 Roman palms, 
among the foundation arches. These have been originally hollowed 
out of the natural rock, and they are pointed at the angles with 
large blocks of peperine stone. One of the cunei or sections of 
the cavea belonging to the lowest tier, may be perfectly traced ; 
and after ascending to the court-yard again, and upon entering 
the stables, we see a second story of arches for supporting the 
seats, the construction of which is remarkable for its solidity ; 
and it would not be difficult to trace, among the modern buildings 
and in the cellars of the Palazzo, at least one-half, perhaps two- 
thirds, of the whole cavea. I will not stay to describe to you 
the blocks of peperine and opus reticulatum, for the great point 
gained Dy tracing the cunea is the fixing of the position of the 
scena or stage. This appears to have reached very near the present 
site of the church of ot. Andrea. But the most remarkaole cir- 
cumstance attending an investigation of the buildings ejected by 
Pompey in this part of Rome, is the being able to present a ground- 
plan of them, although they have almost all vanished from off the 
face of the earth. In the sixteenth century there was found behind 
the church of SS. Cosma and Damiano a plan of ancient Rome, 
done in marble, and which had served to encrust the walls of the 
Temple (it is supposed) of Romulus and Remus. This marble map, 
where the pound-plan of all the public buildings was laid down, 
was found broken into fragments ; some of them irrecoverable ; 
others, gathered up with care and put together, presented an idea 
of a building. They now encrust the walls of the staircase of the 
Capitoline Museum, and are known under the designation of the 
Pianta Capitolina.* The two fragments most perfect happen to 
represent the Theatre of Pompey and the Portico of Octavia. By 
a reference to that fragment of the Pianta, you will not only see 
the ground-plan of the theatre, but also of some other buildings 
which were attached to it. Vitruvius cites the Porticus Pompeiana 
as an example of what a portico should be, when attached to a 
theatre for the convenience of the actors, or for the people to take 
shelter in ? in case of rain. We know, from Martial, that Pom- 
pey's Portico had a hundred columns. Eusebius calls it, in conse 
quence, w Hecatonstylon.” The Pianta Capitolina exhibits some 
of those columns, but the fragment is imperfect. This celebrated 
nortico was painted by artists of renown — Antiphilus, Pausias, and 
Nicias— the subjects being suited to the atmosphere which Ovid’s 
lovers breathed. About the portico were rows of plane trees, 

* These fragments were first en glared and illustrated by Bellario, and are reproduced 
at the end of tom. It. of the “ OrseTiua* Roman Antiquities/’ 
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interspersed with stone statues of beasts ; and a fountain threw up, 
or poured out, its sparkling waters. The Pianta Capitolina ex- 
hibits tiro rows of columns, running in a direction towards the 
river, and not unlikely conducting to a grove along the banks of 
the Tiber. Besides these appendages to the theatre, there was the 
Curia^ or senate-house, winch is, no doubt, identical with the 
u Regia Theatri” of Suetonius : but I must forbear to expatiate 
beyond the proper limits of my subject. A careful inspection of 
that part of Rome where all those buildings stood, with the aid of 
the Pianta Capitolina and the antiquarian notices which I have 
cited, might still furnish a fine subject for the genius of a restoring 
architect ; and when we consider that those extensive and magni- 
ficent buildings (whose* very remains, at the end of nineteen cen- 
turies, excite our wonder) were erected out of the private resources 
of a single individual, it will be long before we find in another 
republic a popular favourite, who may vie in wealth, taste, and 
splendour, with citizen Pompey. 

I shall pass quickly over the’ next theatre, which time and floods 
have not spared. It was erected in the twelfth year of the Christian 
era, by Cornelius Balbus, in compliment to Augustus, and was 
capable of containing 33,000 spectators. I am not aware that a 
vestige of this theatre remains, but Piranesi took considerable pains 
to ascertain the site, and found some remains of one of the cunei. 
The Palazzo, and Monte Cenci, now point to where it stood, and 
Camucci, one of the oldest of Roman antiquaries, who probably 
saw some remains of it in his time, states that from its vicinity to 
the Tiber, it frequently suffered from inundations. We are not 
aware of any portico attached to this theatre, but there was a 
crypta Balbi, which stood near it, and of this there are some 
remains. 

The third theatre which adorned imperial Rome was that of 
Marcellus, and along with it I take the portico of Octavia : when 
I have given you some account and description of these two objects, 
I shall relieve you from this tedious conversazione. 

The remains of the theatre of Marcellus are worthy of the archi- 
tect’s admiration. Eleven arches of both orders, and part of a 
twelfth, are conspicuous, though mutilated and disfigured by the 
dusky habitations into which they have been metamorphosed. The 
first order is nearly half interred, but the capitals of the Doric 
columns, as well as the entablature, are well preserved in several 
places. The second story exhibits a specimen of the Ionic order, 
as it was brought to perfection in the age of Augustus. Within 
those arches which formed the ambulacra , as in the amphitheatre, 
the gradus spectaculorum rose, and some of the cunei may be 
traced to the stables of the Osteria della Campana. The ma- 
terials are tufo, mingled with brickwork, resembling those in 
Pompey’s theatre, and one may perceive by a solitary column in 
the Via Savelli, standing at an angle with a piece of wall running 
in the direction of the scena , that the stage and its outworks must 
have touched the very banks of the river. The Palazzo Orsini, 
formerly Savelli, is built upon the ruins of the stage. Piranesi 
has calculated the capacity of this theatre to contain 25,000 per- 
sons: it was therefore the smallest of the three. Julius C®sar, 
perhaps, laid the foundation of this edifice ; but it was left for 
Augustus to complete it, and he dedicated it with the name of the 
Youn^ Marcellus. On the feast of the dedication it is said that 
TOO wild beasts from Africa were consumed, and then, for the first 
time in Rome, there was seen a tamed tiger. We have an account 
of a fire having partly destroyed this theatre, but we hear very 
little of its history untu Pierleone, in the twelfth century, made it 
a fortress. It passed successively into the possession of the Savelli 
and Orsini families, and there is no reason to suppose it has existed 
for several centuries otherwise than it now presents itself: in 
“ Carnucci’s Antiquities,” we have a drawing of it, bearing date 
1565, and it is there exhibited just as we see it at the present time. 
I may mention that its exterior walls are of travertine stone. The 
25,000 spectators are now replaced by some workers in charcoal, 
and some mules, the former occupying the places reserved for the 
magistrates, ana the mules having taken possession of what was 
the orchestra. Near to the theatre of Marcellus stood the fafnous 
Portico of Octavia, to which I have finally to call your attention. 
And although we must penetrate into the filthiest habitations in 
Rome, among stinking fish, in order to see the remains of this 
splendid work, it will amply repay us for onr excursion, and stamp 
indelibly upon our memories the flavour of the Pescheria and the 
conservative habits of the Jews who live within the Portico of 
Octavia, 

The first marble building ever erected at Rome was a portico 
which stood on this self-same site. It was built by Metellus Mace- 
donicus : two temples were comprised within it. The architects 
were two Spartans, whose names were Sauros and Batrachus. They 


not only contributed their skill, but. as they were rich men, they 
employed their wealth also in the unaertaking. The only reward 
for their services which they asked of the Romans was that their 
names might be mentioned in an inscription on the temples ; but 
this honour being refused, they contrivea to introduce their names 
allegorically : Sauros meaning a lizard, and Batrachus a frog — 
those animals were introduced into the capitals of the columns. 
The architects of the Portico of Octavia were also Spartans, and 
they respected the works of their distinguished countrymen. The 
new portico comprised in its circuit the two temples, made more 
magnificent and probably much enlarged : the fragment of the 
Pianta Capitolina, with the mutilated inscription u cvs octavue,” 
gives us the plan of those splendid works. Bellori, in his illustra- 
tion, computes about 270 columns. 1 confess 1 cannot make out 
that number with the utmost stretch of my feeble imagination, but 
I can present you with a plan made on the authority of the frag- 
ment and the ruins whicn still exist, adjusted on the dark tints, 
which show them in their proper places. By this plan it will be 
seen that the principal remains consist in six large columns of the 
vestibule or entrance (and who that has seen Rome has not admired 
the magnitude and elegance of those Corinthian columns), eight 
more columns of the exterior row of the peristyle, which are only 
to be seen by contending with the fish-staDs made out of the spoils 
of the portico ; and there are also further remains of one ot the 
temples to be seen in a Vicolo behind the, church of St. Angelo: 
three columns standing at an angle indicate the position of the 
prostyle of the Temple of Juno; the other was dedicated to Jupiter. 
I must now leave you to raise up from this ground-plan, and 
from the splendid vestiges which remain, the elevations and archi- 
tectural views of the portico and its temples ; but even your 
ingenuity would not be able to restore to their proper niches, or 
affix on their respective walls, the works of art which once adorned 
the Portico of Octavia. In the Temple of Juno was her statue, 
made by Dionysius and Polycles; and a Venus by Philiscus of 
Rhodes. In the corresponding Temple of Jupiter was the much 
admired statue of the god, which was equally well executed by those 
sons of Timarchus. There was a group representing Pan and 
Olympius wrestling together, the work of Heliodorus ; and perhaps 
the Venus of exquisite beauty which Pliny tells us adorned this 
portico (the work of Phidias) may be the very Venus de Medici 
which Santo Bartoli declares was found here in the Pescheria. In 
a part of the building called the Schola Octavi® was the famous 
Cupid of Praxiteles, which called forth the eulogia of Cicero, 
Strabo, and Pausanias. It is more than probable that several of 
those statues perished in the fire which took place in the reign of 
Titus, and still more might be lost in that which happened under 
Sep. Severus. The paintings which adorned the walls and vaults 
were not less celebrated. There was the famous work of Artemon 
representing Hercules ascending from Mount (Eta to Olympus, 
having put off his mortality with the consent of the gods ; there 
was the painting by Antiphilus, where four figures of satyrs were 
grouped around the noble Hesion ; and Alexander and Philip, with 
Minerva. You may exhibit to us an elevation restored ; a few 
columns will direct you to complete the portico, and a medal will 
give you a finish for the pediment. You may square us off the 
basements, and crown the balustrade with colossal statues and 
urns ; and you may festoon or triglyph the entablature ; — but you 
cannot paint afresh the works of Artemon and Antiphilus, nor 
mould again the forms which the innate flash of the mind of a 
Phidias or a Praxiteles could produce. You must therefore be 
content with the bare recital, and inscribe upon the very best 
edifice I can describe, “ Stat nominis umbra" But you will remark 
in the enumeration of the names of those celebrated artists, that 
they were all foreigners, and Rome owed her most splendid works 
of art — I may say all of them — to the Greeks ; and they owed 
much of their theatrical amusements to the Syrians and Egyptians. 
It is, in fact, a mistake to attempt to nationalise either art or 
science. If tnere be such a thing as communism in the world, it 
exists in the realms of genius, and no petty jealousy should ever 
attempt to exclude the foreigner who brings his originality of 
thought and genius to adorn a country of which he is not a native. 
It was written over the tomb of Ludlow, in Switzerland, “ Omne 
solum fortipatria ; w and the same may be said of the man of true 
genius — he belongs to every country : and I should say it generally 
betrays a sense of inferiority wherever there is an attempt to ex- 
clude from fair competition the genius which comes from a foreign 
shore. The Romans did not this, even in the histrionic art ; they 
excelled in gladiators, but they were inferior in sculpture, and 
painting, ana architecture : by admitting foreigners they ended by 
taking the lead in architecture, at least ; and perhaps the studio of 
Emilius might have furnished a work worthy of the best Greek 
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sculptor. And let me remark, that there are some things which 
no patriotism or spirit of nationality will accomplish. It will never 
make a man of taste admire an ordinary painting or an ungraceful 
statue ; it will never reconcile him to a meagre elevation of an ill- 
designed public building. 

I have generally attempted, in my papers which I have had the 
honour to read at the Institute, to show the influence which the 
public institutions under consideration might have upon the charac- 
ter and destiny of the Romans ; and perhaps there is much more 
connection than at first sight appears between the works of the 
architect and the national character of the people. The architect 
is called upon to create only those works which are suitable to the 
habits of tne people, and his object should be to study to do these 
well ; and I, for one, do not regret that he is now compelled to 
v study the construction of churches and schools, rather than that of 
theatres and porticoes. I am more than satisfied with the unarchi- 
tectural erections of Covent-Garden and Drury-Lane for theatres ; 
and for porticoes and groves Vauxhal and the Surrey Zoological 
Gardens. 

I am still compelled to speak only of the comparative innocence 
of our places of public resort ; they are immeasurably inferior in 
architectural beauty, but they are a great improvement upon the 
moral aspect, and the restraints and the reflective influence of 
Christianity have even reached our public amusements. We can- 
not wonder at the indignation with which the early Christian 
writers viewed the theatres and places of public entertainment 
among the Romans, where every brutal passion or lascivious desire 
was gratified, and where vice in every form was enthroned by uni- 
versal suffrage. We can excuse these holy men applying to these 
rendezvous of iniquity the title of u Devil’s houses, for which I 
would hope no member of this Institute will ever have to give a 
plan. It is to my mind a happy circumstance that the cavea is 
now transferred to the lecture-room, the orchestra transformed 
into an Exeter-hall platform, the stage to the floor of the House 
of Commons, where sometimes members offer to die, and the pul - 
pitum to the place from which the people are instructed in the 
truths and duties of Christianity. You will excuse me, then, if I 
rather rejoice over the ground you have lost in modern times for 
the exercise of your beautiful art ; and that my profession has so 
amply supplied, by the sacred edifice, the field that is gone from 
you in the profane. I rejoice, not because either you or I have a 
stage more or less for our exertion, but because l think that the 
best interests of mankind and the happiness of the human race are 
more likely to be promoted by a church than by a theatre ; and if 
we compare the national tastes of two neighbouring and rival 
countries in this respect, we at least shall be satisfied with the 
results ; — and although I am loath to end this paper with a senti- 
ment that may sound harsh to some, I cannot but be of opinion, 
that as the influence of Christianity prevails, and sober-minded 
pursuits follow as a matter of course in its train, theatrical repre- 
sentations, except for children, will give place : meanwhile, what- 
ever tends to purify our places of public resort, and make them 
really places of recreation, is a benefit conferred on the morals of 
the rising generation. 


THEORY OF STEAM-ENGINES. 

Account of the experiments undertaken by order of the Minister 
of Public Works , France , upon the recommendation of the Central 
Committee upon Steam-Engines , to determine the principal laws and 
numerical data which enter into the calculation of Steam-Engines . 
By M. V. Regnault.* 

Introduction. — The theoretic calculation of the work done by 
steam-engines is founded upon some incontestable principles of 
general mechanics, and upon several physical laws which are far 
from having been, up to this time, established upon certain bases. 
The authors who have written upon the theory of these machines, 
have been obliged to admit as the basis of their calculations, laws 
which ought only to be considered as hypotheses to which physical 
philosophers have been led, most frequently, by extending to 
vapours, laws which are not even rigorously exact for permanent 
gases. Thus, when the work really done by a machine is com- 
pared with that deduced from the theory, we always find, even in 
the best machines, a considerable deficit. A great part of this 
deficit may be attributed to the disturbances produced in the 
physical conditions, by the very motion of the apparatus ; it is 
due to the loss of active force ( force vivej occasioned by the 

* We are indebted 10 the " Franklin Journal” forthe translation. 


cooling of the steam ; to the resistance which is developed during 
its course through tubes of irregular forms, and in its passage 
through openings, more or less contracted. Finally, there are 
losses of active force produced by the friction and vibration of the 
different pieces of which the machine is composed. But a great 
part of the difference may well be occasioned by the inaccuracy of 
the fundamental laws which have been admitted into the calcula- 
tion. 

Mechanics have, for a long time, greatly desired a general in- 
vestigation for the purpose of establishing these fundamental laws 
upon a series of direct experiments executed with the means of 
precision which physical sciences now present. I had for some 
time formed the determination of devoting myself to this work, 
and had several times tried some introductory experiments, which 
however served only to show me that precise results could only 
be obtained by means of large apparatus, whose expense of con- 
struction far surpassed the very narrow means which we have at 
our disposition in our physical laboratories, and I should have 
been completely stopped in the execution of my projects, if the 
Minister of Public Works (upon the suggestion of M. Legrand, 
under Secretary of State), had not, with a kindness which will be 
appreciated by all the friends of science, placed at my disposal the 
funds necessary for the execution of this long and laborious work. 

In order to show clearly what are the principal laws upon which 
the theory of steam-engines rests, it appears to me necessary to 
explain, in a few words, the principles ot this theory. All known 
systems of steam-engines may be divided into four classes : 

1. Engines without expansion, and without condensation. 

2. Engines with expansion, and without condensation. 

3. Engines without expansion, but with condensation. 

4. Engines with both expansion and condensation. 

The first three classes, may, in a theoretic point of view, be 
considered as particular cases of the fourth class, which presents 
the most complex case ; the only one to which it is necessary for 
us to pay attention. We shall suppose an imaginary engine, 
which is not subjected to any external cause of cooling, nor to any 
loss of active force by friction, contractions of orifices, &c, &c. 
We shall suppose the boiler to be of very great capacity in com- 

arison with the cylinder, so that the pressure of the stearin may 

e considered as absolutely constant in tne boiler during the motion 
of the machine ; the heat of the furnace reproducing, constantly, 
the quantity of steam consumed hy the machine. 

Let « be the surface of the piston expressed in square metres*. 

#, the space described by the piston from the instant of the 
arrival of the steam in the cylinder, with the tension which it 
has in the boiler, until the moment at which we are examining it. 

P, the constant pressui e of the steam in the boiler, expressed in 
kilogrammes and referred to a square metre of surface. 

T, the temperature of the steam. 

v, the capacity, in cubic metres, of the part of the cylinders de- 
scribed by the piston from its starting point to the height, x. 

V, the total capacity of the cylinder. 

I. A first law, which it is important for us to know, is the 
law which connects the elastic forces with the temperatures. 

We will distinguish two periods during the stroke of the piston : 
during the first of these the cylinder communicates freely with 
the boiler ; the total pressure of the steam upon the surface of 
the piston is P». 

If the piston advances by a quantity & r, the element of work 
produced wil be P» d x = P d v. 

The whole quantity of work produced during the first period, 
that is, from the beginning of the motion of the piston until the 
introduction of the steam is stopped (corresponding to a capacity 
V, described by the piston in the cylinder), is P V. 

During the second period, which is that of the expansion, no 
more steam comes from the boiler, but the steam contained in the 
cylinder continues to press upon the piston ; as this rises, the 
steam occupies a larger space, its elastic force diminishes, and its 
temperature is lowered by the absorption of latent heat during its 
dilatation. 

Experiment has not decided what are the laws which govern 
these variations ; but one of the following cases must happen : 

First case. — The quantity of heat absorbed by a kilogramme of 
liquid water at 0° (32° Fahrenheit} in passing into vapour (which, 
for the sake of simplicity, we shall call the total heat of the s team\ 
is the same, whatever may be the pressure, provided the vapour be 
at its maximum of density. If this law be exact, the steam will 

* Id the following translation we have preserved the French units of length, weight, 
•nd temperature. The metre is ' 9 371 inches. The kilogrmnmr 2 2051b., a?. 

The degree of the Centigrade thermometer, 1*H degrees Fahrenheit. 

To reduce CcnUgrode to Fahrenheit degrees, multiply them by y, divide the product 
by 5, an i ud J 32 degrees. 
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always remain in a state of saturation during the whole period of 
the expansion ; the pressures of the steam will vary in the inverse 
ratio of its volumes, and they will constantly present the relations 
to the temperatures, which connect the temperatures of saturated 
steam with its elastic forces. 

Second case , — The total heat of the steam increases in propor- 
tion as its elastic force is greater. As we suppose that the steam 
is not subjected to any external cooling influence, it is evident 
that, in proportion as the steam dilates into a larger space, it will 
require a smaller quantity of total heat to keep it in the state of 
vapour. Consequently, auring the dilatation, there will be a dis- 
engagement of a certain quantity of latent heat, which will 
become sensible to the thermometer, and will raise the temperature 
of the steam above the point which corresponds to its saturation. 
The temperature of the steam will then be more slowly reduced 
than in the former case; the steam will be found overheated 
during the expansion, and the pressure of the steam upon the 

I uston will diminish more slowly than it would according to the 
aw of Mariotte. 

Third case . — The total heat of steam is less in proportion as its 
elastic force is greater. If this law were true, there would be a 

^ ^^00 of liquid water during the expansion, the steam 
remain constantly saturated, but the elastic force would de- 
crease more rapidly than according to the law of Mariotte. 

In the absence of decisive experiments to show the accuracy of 
one of these three hypotheses, mechanicians have generally 
adopted the first, which is at the same time the most simple and 
the most precise. This hypothesis assimilates the expansion of 
steam to that of a permanent gas, dilating in a variable space, 
whose walls constantly restore to the gas the quantity of heat 
which is absorbed in the latent state during its expansion, so that 
its temperature remains invariable. 

The work developed during the expansion is then calculated in 
the following manner : — Let v be the volume of the steam, and p 
its pressure at a given moment; dx the space described by the 
piston while the volume becomes v + d v ; tbe element of work 
produced will be p» dx =. pdv. At the commencement of the 
expansion, the volume is V, and the pressure P, and as we admit 
the law of Maiiotte between the volume of the steam and its 
elastic force during expansion, we shall have 


P 


PV 
e ’ 



and the whole work produced, while the volume of the vapour 
passes from V to V', is i P V ~ = p V log. y- = p Vlog.? 


This is the expression for the work produced during the period 
of the expansion. The total quantity produced during a complete 
stroke of the piston, is then 

Pv(l+log.|,). 

We have heretofore attended only to the pressure which is ex- 
erted upon one of the faces of the piston, but the other face is 
constantly submitted to the pressure which exists in the con- 
denser. W e will suppose this latter pressure to be constant during 
the stroke of the piston, and represent it by /. The amount of 
resistance which it will have produced during the stroke of the 
V P 

piston, will be/V, . So that the moving power will be 

* 1 

expressed by P V (l + log. £ - £ 

If ti represents the number of strokes of the piston per minute, 
tbe power developed during this unit of time, will be expressed by 

»PV (> + !.„.£ -£). 

But the accuracy of the formula depends upon the accuracy of 
the hypothesis which we have admitted, and it is necessary to de- 
termine by direct experiments — 

. II. The quantities of heat which must be given to a kilogramme qf 
water . , at 0°, to vapourize it, under different pressures . 

These quantities of heat are composed of two distinct parts — 
the heat necessary to raise the temperature of the liquid water 
from 0° to the point at which the change of state takes place, and 
the latent heat of vaporization. If we wish to distinguish these 
two parts of the total heat of steam, we must determine by ex- 
periment — 

J I L The capacity for heat of water at different temperatures . 
Finally, if the total heat of steam is not constant under all 


pressures, in order to calculate the effect of expansion, we must 
still learn — 

IV. The specific heat of the vapour qf water in different states qf 
density , and at different temperatures. 

The theoretic power of a steam-engine may be estimated, by 
stating the amount of power which it is capable of giving for each 
kilogramme of steam consumed. 

To do this, let « be the weight of a cubic metre of steam under 
the pressure P, and at the temperature T ; * the weight of steam 
consumed by the machine in one minute. We shall have 

nV= and consequently the power given by the machine, from 

a kilogramme of steam, will be expressed by 

But in order to calculate, under all circumstances, the value of 
*, we must know — 

V. The law according to which the density of saturated vapour of 
water varies under different pressures. 

VI. The co-efficient of dilatation of the vapour of water , in its di- 
fferent states of density . 

Mechanical philosophers generally admit that the weight («) of 
a cubic metre of steam, under the pressure P, and at the tem- 

I ierature T, may be calculated by applying to saturated steam the 
aw of Mariotte, and the law of the uniform dilatation of gases. 
Now, these laws are not even rigorously exact for the permanent 
gases, and it is* to be feared that they are completely false for 
saturated vapours. Finally, the method most generally adopted 
to compare steam-engines, consists in stating the work which they 
perform for each kilogramme of fuel consumed. To do this, we 
must know the weight (K) of steam under the pressure P, which 
a kilogramme of fuel can develope under the circumstances in 
which it is employed ; and we then have, for the work performed 

( P f \ 

1 + log. p 

The quantity K, depends upon a variety of circumstances which 
we cannot now discuss, such as the quality of the fuel, the nature 
of the furnace, the arrangements of the boiler, &c. 

To sum up then, the theoretic calculation of steam-engines re- 
quires the knowledge of the following laws and data : — 

I. The law which connects the temperatures and elastic forces 
of saturated steam. 

II. The quantities of heat which one kilogramme of liquid 
water at 0° absorbs, in being converted into saturated steam, under 
different pressures. 

III. The quantities of heat which one kilogramme of liquid 
water at 0° requires to elevate its temperature to that at which it 
assumes the state of steam, under different pressures. 

IV. The specific heat of aqueous vapour, in different states of 
density, and at different temperatures. 

V. The law according to which the density of saturated steam 
varies, under different pressures. 

VI. The co-efficients of dilatation of steam, at different densi- 
ties. 

Before commencing the search for these different laws, it was 
necessary to treat several preliminary questions, so as to fix with 
certainty the indispensable auxiliary data, and, above all, 
to define clearly the conditions which must be fulfilled by the 
thermometers, by means of whioh we measure the temperatures, 
in order that these instruments may be rigorously comparable. 

These preliminary researches obliged me to undertake succes- 
sively, long series of experiments, the necessity of which I was 
far from foreseeing when I undertook the work. 1 was in fact 
obliged to undertake the re-determination of a great number of 
data, which, for the most part, appeared to be fixed with complete 
certainty by the researches of my predecessors, and as to which 
physical philosophers entertained no doubts whatever. 

The whole of these researches will be published in a series of 
detached memoirs. I intend, at the end of my labours, to sum 
them up in a report, which will be addressed to the Minister of 
Public Works, in which the results will be presented under a form 
suitable to the especial view with which the work was undertaken 
— that is, the theoretic calculation of steam-engines. 

My experiments frequently required the assistance of a great 
number of observers. I was frequently obliged to avail myself of 
the kindness of several of my students, among whom it gratifies me 
to cite especially MM. Bertin, Grassi, Bertrand, Lissajoux, and 
Silberman. Let me be permitted to return to them, thus publicly, 
my thanks. 
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But I must, in a very especial manner, testify my gratitude to 
my friend M. Izarn, for the zeal and complete devotion with which 
he has aided me in this long series of labours, some of which were 
not without danger, and all were very troublesome, as well as in 
the long and tedious numerical calculations which were the con- 
sequence of them. By the aid of his active co-operation, I have 
been able to terminate these labours in much less time than it 
would have been possible for me to have done it if I had been re- 
duced to my own personal efforts alone. 

First Memoir.— on the dilatation op elastic fluids. 

Part I. — Dilatation of Atmospheric Air , under the ordinary 
• Pressure of the Atmosphere . 

M. Regnault commences his memoir, by remarking that there 
is, in physical science, no numerical element which has been sub- 
mitted to a greater number of experimental determinations than 
the co-efficient of dilatation of atmospheric air, and that never- 
theless we cannot yet say that this co- efficient is known to us with 
sufficient precision. The experiments of the elder physical philo- 
sophers gave numbers so different from each other that no use 
can be made of them. The greater part of the circumstances 
which influenced the phenomenon were unknown to them. 

The experiments of M. Gay Lussac (Annales de Chimie, 1st 
Series, tom. xliii., p. 137. Biot. Traite de Physique, tom. i., 

. 182), seemed to have settled the question finally. He showed 
y a great number of experiments that between 0° and 100° (32° to 
212° Fahrenheit) the co-efficient of dilatation was the same for 
all pises, and for vapours, when they were at some distance from 
their point of condensation, and that its value was 0*375.* 

This co-efficient was adopted by all physical philosophers, and 
employed in calculations, until in these latter years a Swedish 
philosopher, M. Rudberg, cast a doubt upon its exactness. By a 
series of experiments made with care, M. Rudberg endeavoured to 
show that the co-efficient of M. Gay Lussac was much too large, 
and that its true value was comprehended between 0*364 and 
0*365. 

The experiments of M. Rudberg are then described at length, 
by M. Regnault. These experiments were originally published in 
two memoirs contained in Poggendorff's Annals, vols. xli. and xliv., 
and the English reader will find them in the valuable Scientific 
Memoirs, edited by Richard Taylor, vol. i., pages 507 and 514. 

Rudberg terminates his second memoir by an important remark, 
which had already been made in 1803, by Gilbert (Gilbert’s 
Annals, vol. xiv., page 267), but had been entirely forgotten, viz : 
that the experiments of Messrs. Dalton and Gay Lussac, which 
had been regarded as having given almost identical results, differed, 
on the contrary, very much. In fact, in the memoir of Dalton 
(Memoirs Soc. Manchester, 1st Ser., Vol. v., Part 2, p. 598), he 
says : — 

u I have repeatedly found that 1000 parts of common air, of 
the temperature 55°, and common pressure, expand to 1,321 parts 
of the tnermometer ; to which, adding four parts for the corre- 
sponding expansion of glass, we have 325 parts increase upon 
1000 from 55° to 212°, or from 157 of the thermometer scale 
( Fahrenheit )? It is evident that the volume of air here assumed 
as the unit, is that of air at 55° Fahrenheit, or 12*78 cent. If on 
the contrary, we take for unit the volume of air at 0° (32° Fah- 
renheit), ana put the dilatation between 0° and 100° = 100a, the 
results of Dalton give 

1 + 12*7 8a : 1 4* 100a : : 1000 : 1325 ; whence 100a = 0*392. 

This, then, is Dalton s true result. In truth, Dalton himself 
does not appear to have observed the error which had slipped into 
his calculations, for he says in his new system of chemical phi- 
losophy : — u The volume of air, according to the experiments of 
M. Gay Lussac and Mine, being 1000 at 32° Fahrenheit, becomes 
1376 at 212° Fahrenheit. 

In a note M. Regnault notices a series of experiments upon the 
same subject, made about the same time with his own, by Pro- 
fessor Magnus of Berlin. An extract from Professor Magnus’ 
memoir will be found in the Annales de Chimie et de Physique, 
3rd Ser. tom. iv., page 330 ; and a second memoir upon the same 
subject, tom. vi., page 353. 

M. Regnault then proceeds to give his own method of experi- 
menting, and the details of his experiments. 

These methods were five in number. In the first four, the dila- 
tation of the air was deduced from the observed changes in its 
elastic force at the temperatures of 0° and 100° cent., assuming as 

* The resolta arrlred at by Mr. Dalton, about tha aame time (Memoirs Lit. and Phil. 
Soc. of Manchester. 1st. Ser., Vol. part 2. p. 598 ), appeared to fire aco-effldent. Iden- 
tical. or nearly so. with that of Oay Luasac, (0*3726}, and confirmed his assertion as 
to the equal dilatation of different gases, so that Mr. Dalton himself adopted the co-afflclent 
found by M. Gay Lussac. 


true the law of Mariotte, that the elastic force of a gas varies 
inversely as its volume, when the temperature remains the same. 
The fifth method was an attempt to measure directly the augmen- 
tation of volume due to the change of temperature. 

The first method was similar to that used oy Rudberg, in his first 
series of experiments, and by Dulong ana Petit, in their com- 
parison of mercurial and air thermometers. 

The apparatus consisted of a glass cylindrical reservoir, from 
25 to 30 millimetres in diameter, and about 110 millimetres long, 
containing from 800 to 1,000 grammes of mercury. To this was 
soldered a capillary stem, of which the diameter varied in the 
different experiments, from h to 2 millimetres. This was bent at 
right angles, at some distance above the reservoir, and drawn out 
to a fine point. The reservoir and the greater part of the stem 
were immersed in a vessel of water boiling under the usual atmo- 
spheric pressure, and filled with perfectly dry air, by exhausting it 
from 25 to 30 times, by means of a small pump, and re-filling it 
each time with air which had passed through two tubes, each one 
metre in length, filled with pumice-stone, saturated with concen- 
trated sulphuric acid. This being done, the apparatus was suffered 
to stand from half an hour to an hour, the water being maintained 
in full ebullition ; the end of the capillary stem was then closed by 
the blow-pipe, and the height of the barometer noted. The 
reservoir, with its stem, was then inverted upon a stand, so that 
the point of the stem dipped to some distance in a cup of mercury, 
the cup was broken off under the mercury, and the reservoir sur- 
rounded with pounded ice, and left in its condition for an hour or 
more, until the whole of the air (now contracted so as to fill only 
a portion of the reservoir) was reduced to the temperature 0°. 
The end of the stem was then again closed by a little wax, the 
barometer again noted, the position of the surface of the mercury 
in the cup marked by a point adjusted by a screw — the cup re- 
moved, and the reservoir and its contents suffered to take the 
temperature of the surrounding air. The height of the mercurial 
column above the level of the mercury in the cup was then 
measured by the cathetometer. The reservoir and its contents 
were then weighed, entirely filled with mercury, first boiled to free 
it from air and moisture, the point again immersed in mercury, 
and the reservoir surrounded with ice. At the end of one or two 
hours, when it was satisfactorily ascertained that the whole appa- 
ratus had taken the temperature 0°, the ice was removed, the mer- 
cury which was discharged by the rise of temperature was 
received in a capsule, and the apparatus placed in a boiler, as at 
first, and brought to 100°. The mercury expelled was collected in 
the capsule, and the height of the barometer at the moment of 
ebullition noted. By this means, all the data necessary to calcu- 
late both the dilatation of the air, and that of the glass vessel 
which contained it, were given. 

In performing these experiments, M. Regnault observed a 
serious cause of error. When the point of the stem was broken 
under the mercury, he observed that a small quantity of air 
leaked into the reservoir, even when the point was plunged to the 
depth of ^ metre under the mercury. This air was a portion of 
that which remained in contact with the glass tube, which not 
being wetted by the mercury, allowed, as it were, a tube of air 
from the point to the surface. This difficulty was obviated by at- 
taching to the glass stem, plates of well-cleaned brass, to which 
the mercury adhered, and tnus the entrance of air was prevented. 
In addition to this, a layer of sulphuric acid was sometimes poured 
upon the surface of the mercury, before the point was broken, and 
was carefully removed before the point was again closed. Equal 
care was taken to prevent the air enfilming the pincers used to 
break the point, from getting access to the interior. In this 
method fourteen experiments were tried, the mean of which gives 
for the volume of 1,000 measures of air, at the temperature of 0°, 
when heated to 100°, 1*36623. 

The highest number obtained in any experiment, was 1*36689 

The lowest ... ... ... ... 1*36549 


The difference is 0*00140 

or about vfv of the mean. 

The lowest number was above the mean result obtained by Rud- 
berg. M. Regnault believes that this may probably be due to the 
henomenon of the entrance of the air upon breaking the point 
aving taken place in the experiments of the Swedish professor, 
and he remarks that the error would be greater in proportion as 
the quantity of air operated on was less. He also states that he 
believes the first experiments of his own series were affected by 
this phenomenon, ana as an evidence of this states, that from the 
moment that he succeeded in preventing it entirely, no experi- 
ment gave a number below 1*3659. 
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The second series of experiments was tried with an apparatus 
differing but little from the one just described. The reservoir was 
a glass globe of from 350 to 400 cubic centimetres, soldered to a 
thermometer stem, about 38 centimetres long ; upon this thermo- 
meter-tube was soldered, at the distance of 11 centimetres from the 
bulb, a piece of tube very regular in its diameter, about 50 
millimetres long, and of a diameter sufficiently large to present 
but feeble capillary action. The thermometer-tube was bent at 
right angles, and drawn out to a point. The first operation was to 


gauge the apparatus carefully, and to ascertain its co-efficient of 
dilatation. This was done by filling it with mercury at the 
temperature 0°, then submitting it to a temperature of 100° col- 
lecting the mercury expelled, and weighing this, and the quantity 
which remained in the bulb. 

The dilatation of the air was then determined very much as 
before. Eighteen experiments were tried in this way, the mean 
of all of which was 1*36633 ; the maximum. 1*36708 ; minimum, 
1*36585 ; the difference, 0*00123, or of the mean. 

The third series of experiments was performed with an apparatus 
imitated from that described by Rudberg in his second memoir. 
Upon a shelf within a copper alembic, the cover of which is firmly 
fixed upon an appropriate support, is placed a glass cylindrical 
reservoir, 35 millimetres in diameter and 170 millimetres long ; 
to its upper extremity is soldered a thermometer-tube, which passes 
through a tubulure in the cover, and bending twice at right 
angles, is soldered to a larger tube, which dips down into a cistern 
of mercury, passing air-tight through a tubulure in its cover. On 
the same shelf is placed a precisely similar reservoir, terminating 
in a straight thermometer-tube, which passes through another 
tubulure in the cover, and this apparatus being properly filled 
with mercury, furnishes a delicate thermometer for noting the 
temperatures in the alembic. The mercurial cistern is furnished, 
in its lower part, with a piston, moveable by a screw. Through a 
second tubulure in the cover of the cistern, passes a straight 
gauge-tube, open above, and dipping into the mercury below, and 
of the same diameter as the tube which terminates the thermome* 
ter-stem. The capacity of this apparatus having been gauged, 
and the co-efficient of dilatation determined by a previous expe - 
riment, the reservoir is filled with dry air, and the alembic filled 
with ice, 60 as to reduce the temperature to 0° ; the piston in the 
mercurial cistern is then raised or lowered, until the mercury in 
the tube communicating with the reservoir, stands exactly at a 
mark previously made upon it, and the difference between this 
point and the top of the column of mercury in the gauge tube, is 
measured. The ice is then removed from the alembic, and 
replaced by water, which is boiled, and the temperature of the 
reservoir being thus brought to 100°, the piston is again adjusted, 
so as to bring the mercury to the same neight as before in the 
tube communicating with the reservoir, and the differences of its 
height in this tube and the gauge-tube again read. These two 
readings of course give the elastic force of the air at these tem- 
peratures, and from these the co-efficient of dilatation is 
deduced. The experiments tried with this apparatus, give a 
mean of 1*36679 — tne difference between the maximum, 1*36747, 
and the minimum, 1*36612, being -nri?? of the mean. M. Regnault 
does not believe this method susceptible of the same accuracy as 
the other, on account of the irregular action of capillarity in the 
tubes, although purposely taken of eaual diameters. He also 
remarks that the results obtained by him are larger than those 
got by Rudberg from a somewhat similar apparatus, which he 
believes may be attributed to the latter having made his mark 
upon a capillary tube, and to his neglecting the small quantity of 
air contained in the thermometer-tube, which is not heated to 
100°. As however, unfortunately, M. Rudberg has not stated the 
dimensions of his apparatus, it cannot be ascertained what influence 
this had upon his results. 

For the fourth series of experiments a form of apparatus was devised 
amilflr in principle to that just described, but free from its ob- 
jections. This consisted essentially of a glass globe, of a capacity 
of from 800 to 2,000 cubic centimetres, to which was added a 
capillary stem about 20 centimetres long. The globe was placed 
in an appropriate metallic vessel, so that it could be alternately 
heated to 100°, and cooled to 0° ; the tube passing out of a lateral 
opening terminated in a small copper pipe which had two other 
openings— one of these was for the moment closed, the other com- 
municated with the apparatus for drying the air, by whose means 
the globe and tube were filled with dry air with the usual precau- 
tions. Another glass tube of 16 or 17 millimetres internal diameter 
was cemented at its lower end into an iron cap terminated below 
by a stop-cock, and carrying a lateral branch bent parallel to the 
axis of the tube ; into this lateral branch was cemented a second 


tube, which was for a certain distance of the same diameter as the 
first, and terminated above by a capillary tube, a part of that 
which formed the neck of the globe, which was bent at right angles. 
This system of tubes being firmly and carefully adjusted in a ver- 
tical position, the second tube with its attached capillary branch 
was carefully dried and filled with boiled mercury, and the upper 
part of the capillary tube, which was of course horizontal, was then 
fitted into the third opening of the small copper tube, so as to be 
in immediate communication with the neck of the globe. When 
firmly fixed, the stop-cock at the bottom of the compound tube 
was opened, and the mercury flowing slowly out was replaced by 
air drawn through the drying apparatus, and the apparatus filled 
with air to a certain mark «, placed upon the vertical tube, where it 
was of greatest diameter, the glass globe being all the time im- 
mersed in boiling water : the drying apparatus was then removed, 
and the branch of the copper tube with which it communicated 
hermetically sealed, and the height of the barometer noted. The 
hot water was then discharged from around the globe, and replaced 
first by cold water and afterwards by pounded ice, the level of the 
mercury being kept at «, by suffering it to flow off when necessary 
by the stop-cock. When the globe has certainly reached the tem- 
perature of the ice, the barometer is read, and the difference of 
the heights of the mercury in the two communicating vertical 
tubes is measured. We have thus all the data for calculating the 
co-efficient of dilatation of the air, but another observation may be 
had by reversing the experiment. To do this, re-connect the air- 
ing apparatus with the copper tube, the mercury will fall in the 
vertical tube in connection with the globe, but must be kept at » 
by pouring mercury into the other vertical tube : when equilibrium 
has been attained, remove the drying apparatus, and close its 


branch of the copper tube, then replace the ice by boiling water, 
and repress the dilatation of the air by pouring more mercury into 
the vertical tube ; when you are satisfied that the air has taken 
the temperature of boiling water, read the barometer, and measure 
the difference of the heights or the mercury in the two vertical 
tubes. 

The mean of six experiments tried in this way gave 1*3665 for 
the co-efficient of dilatation : the maximum result being 1*36710 ; 
the minimum 1*36580 ; difference of the mean. 

By this method the dilatation of the air is determined under 
very different pressures ; in fact, during the first period of every 
experiment, the air is under the atmospheric pressure 0*760 metre 
when at 100°, and only under the pressure of 0*550 metre when at 
0°. In the second period, the air at 0°, is under the atmospheric 
pressure 0*7 60m., and when heated to 100° under the pressure of 
about 1*040. It is even easy to arrange the apparatus so that the 
experiment may be tried under still greater differences of pressure. 
As the experiments showed no difference in the numbers obtained 
during these periods (1*36655 during the first, and 1*36645 during 
the second period^ we must conclude that within these limits of 
pressure, the co-efficient of dilatation of air is sensibly constant. 

Fifth series of experiment*. — In all the experiments hitherto 
described, the dilatation of the gas was determined indirectly from 
a direct measurement of the augmentation of its elastic force when 
brought to a constant volume at a higher temperature, assuming 
the truth of the law of Mariotte. In order to get the dilatation 
directly, the gas enclosed in an eminently elastic envelope should 
dilate freely without changing its elastic force, and the augmenta- 
tion of volume must be carefully measured, the gas being all at the 
Bame temperature. It is difficult to see how these conditions can 
be realised in practice, but it may be done approximately by fol- 
lowing the method adopted by M. Pouillet in his air pyrometer. 
(Traite de Physique, 4me edit, tome 1, d. 255.) In this way the 
elastic force of the gas remains sensibly tne same, but a very nota- 
ble portion in the reservoir of dilatation is at a temperature but 
slightly differing from that of the surrounding air. 

The apparatus used by M. Regnault was to a great extent similar 
to that just described, but the iron cap into which the two vertical 
tubes were cemented was differently adjusted. It had two stop- 
cocks, by one of which the barometric tube could be made to com- 
municate at pleasure with the exterior, while the other, which was 
placed under the tube in communication with the globe, was so 
bored that it might make a communication either between the two 
tubes or between this second vertical tube and the external air. 
These two tubes were placed in a glass vessel which could be filled 
with water so that they could be maintained at any and a uniform 
temperature. The experiment was conducted as follows : The 
globe being surrounded with ice, and the communication with the 
drying apparatus opened, the level of the mercury was brought to 
the mark a on the vertical tube ; the communication between the 
two tubes being open, the mercury would of course be at the same 
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height in both tubes ; the communication with the drying apparatus 
was closed, the barometer and the temperature of the water around 
the tubes noted. The globe was then Drought to 100°, the mercury 
in the vertical tube was of course depressed, and in order to keep 
that in the barometric tube at about the same level with it, its 
stop-cock had to be opened and the mercury suffered to flow out ; 
the two columns were thus kept nearly at the same height, that in 
the tube in which the air was dilating, being brought to a second 
mark 0, and the exact difference in the heights of the two columns 
was carefully noted, as well as the height of the barometer, and 
the temperature of the water in the surrounding vessel. In order 
from this experiment to determine the dilatation of the air, it is 
only necessary to know the capacity of the globe, and of its stem 
as far as the mark a, and that of the vertical tube between a and 0 ; 
these are all easily determined by the weight of pure mercury 
necessary to fill them. 

Four experiments tried in this way gave a mean dilatation of 
1*36706: the maximum being 1*36718; the minimum 1*36693; 
difference of the mean. The co-efficient of dilatation given by 
this fifth method is sensibly greater than that got from the others. 
This circumstance is not accidental, as in the second part of the 
memoir similar differences are shown for other gases, and in cer- 
tain cases these differences are very considerable.* 

M. Regnault then proceeds to the discussion of his formulae, for 
the purpose of determining the probable error in his results, and 
he shows that in the first three series — principally owing to the 
uncertainty of the readings of the barometer within f 9 millimetre, 
the maximum probable error is about which is about the greatest 
difference between the maximum and minimum results in any one 
series. The two last seiies include the same source of error, and 
another arising from the uncertainty of the temperature of the air 
in the capillary tube, which, however, he believes may be altogether 
neglected in his experiments, the apparatus having been carefully 
arranged so as to make this a very small fraction of the whole 
volume of air under experiment. 

He finally assumes 0*003665 as the mean co-efficient of dilatation 
of dry atmospheric air as determined bv the first four series of 
experiments, and remarks that the number 0*00367 given by the 
fifth series must be adopted in experiments where the gas dilates 
freely and preserves its original elastic force. He also gives as a 
fraction easily recollected, the remark of M. Babinet that 
0*00366666 should be expressed by 

Part II. — On the Dilatation of some other Gases under Pressures 
near that of the Atmosphere . 

Physical philosophers admitted that all gases had the same co- 
efficient of dilatation, but since so serious an error in the numerical 
value of this co-efficient had been shown, it was necessary to submit 
this law also to verification, the result of which was to show its 
incorrectness. The experiments were tried chiefly by the methods 
I. and IV. under constant volumes, and V. under constant pressure. 
It is not necessary to describe them in detail, as M. Regnault has 
done, nor to give the methods by which the gases were purified ; 
suffice it to say that all necessary precautions were taken, and the 
general results were as follows : — 


Co-efficient of Dilatation from 0° to 100«. 

* Under constant volume. Under constant pressure. 

Hydrogen , 

0 3667 

0*3661 

Atmospheric Air, 

0*3665 

0 3670 

Nitrogen, 

0 3668 

•t 

Oxide of Carbon, 

0*3667 

0*3669 

Carbonic Acid, 

0*3688 

0*3710 

Nitrous Oxide, 

0*3676 

0*3719 

Sulphurous Acid, 

0*3845 

0*3903 

Cyanogen, 

0*3829 

0*3877 


He also describes an apparatus, an easily-imagined modification 
of method IV., by which the difference in the co- efficient of dilata- 
tion of any two gases may be at once shown. 

Part III. — On the Dilatation of Gases under Different Pressures . 

It has been generally admitted that the dilatation of gases is 
constant between the same limits of temperature, no matter to 
what pressure they may be submitted ; consequently, that it is 
altogether independent of their initial density. But it is difficult 
to cite conclusive experiments upon which this law is founded. 
Several observers having obtained the same value for the co-efficient 
of dilatation of air, under different barometric pressures, concluded 

* M. Regnault describes in s note an independent series of experiments tried by him 
according to the method of M. Giy Lussac— that is. by observing the dll atatlons of a 
quantity of dry air contained in a true thermometer and separated from the external 
atmosphere by a small index of mercery. (Blot. Trait* d» Phys. tom. 1, p. 182.) The 
results obtained did not agree at alt, and were ail feebler than by any of the other 
methods i the highest result recorded was 1*3647. 


that the co-efficient of dilatation of gases was constant under all 
pressures ; but the barometric variations in any place are not suffi- 
ciently extensive to permit so general a conclusion to be thus 
deduced. 

Sir Humphrey Davy is the only philosopher who has studied the 
dilatation of gases under very different pressures. (Phil. Trans. 
1823, vol. ii, p. 204.) 

He states that he found the same dilatation for air taken with 
the densities j, 4, 1, and 2 ; but his experiments were not made 
by a sufficiently delicate method to allow his results to be con- 
sidered exact. 

The experiments of M. Regnault upon this subject were tried 
with apparatus of the same character as those before described, as 
methods IV. and V., with such modifications as the peculiar cir- 
cumstances of the experiments rendered necessary: and the con- 
clusion at which he arrived was that “ the air dilates, within the 
same limits of temperature , by quantities which are greater in propor- 
tion as the density of the gas is greater : that is, in proportion as its 
molecules are brought nearer to each other f 

The following tables exhibit the results of his experiments upon 
air, carbonic acid, and sulphurous acid : 

Dilatation qf Gases under different Pressures , determined by the method qf 
Constant Volumes. (II. and IV.) 

atmospheric air. 




Density of the air at 


Pressure at 0°. 

Pressure at 100°. 

0°, that of air at 0 3 , 

Volume of the air at 

Millimetres. 

Mill! metres. 

tinier a pressure of 
760 millimetres 1. 

100 °, that at 0° — 1. 

109*72 

149 31 

0*1444 

1*36482 

174*36 

237 17 

0 2294 

1 36513 

2‘'6 06 

395 07 

0 35ol 

l 36542 

374 67 

51035 

0 49.10 

1*36587 

375*28 

510*97 

0*4987 

1*30572 

760*00 

— 

1 OuoO 

1*3665(1 

1678*40 

2286 09 

2 2084 

1 36760 

1692 53 

23“6*23 

2 2270 

1*86800 

2144-18 

2924' 4 

2*8213 

1 3»W94 

3655*56 

4992 09 

48100 

1 37091 


CARBONIC ACID. 


758 47 

1084*54 

1 oooo 

1 36856 

901*09 

123<» 37 

1*1879 

1 30943 

1742*73 

2*87 72 

2*2976 

1 37323 

3589*07 

4759 03 

4 7318 

1 38598 


Dilatation qf Gases under different Pressures , determined by the method qf 
Constant Pressures . (V.) 

Atmospheric Air. Carbonic Acid. Hjdrogen. Sulphurous Acid. 

r K > t A — r A t t A — t 

Pressure Volume Pressure Volume Pressure Volume Pressure Pressure Volume 

at 100°. Milll. at 100°. Milli. at 100°. at 0°. at 100°. at 100° 

760 1*367<6 700 1 37009 760 1*30613 "«0 00 760*00 1 *39020 

2525 1*36944 2520 1*38455 2545 1*36616 982*73 987 64 1*39804 

2620 1 36964 — — — — — — — 

The general conclusions of this memoir are as follows : — 

1st. The co-efficient of dilatation of air, 0*375, heretofore ad- 
mitted by philosophers from the experiments of M. Gay Lussac, is 
much too great for dry air under the ordinary atmospheric pres- 
sure. The co-efficient 0*3645, which is the mean of the experiments 
published by M. Rudberg, is too small. When the co-efficient of 
dilatation of air is deduced by calculation, from the changes of 
elastic force which the same volume of gas undergoes when carried 
from 0° to 100°, its value is 0*3665. But when this co-efficient is 
deduced from the changes of volume of the same mass of gas in 
passing from 0° to 100 J , its elastic force remaining constant, we 
find a value rather higher : that is — 0*3670. 

2nd. The co-efficients of dilatation of the different gases are not 
equal, as has been hitherto admitted ; they present on the contrary, 
notable differences, as may be seen by the numbers before cited. 
There is often obtained for the same gas, very different values for 
its co-efficient of dilatation, according as this is deduced immedi- 
ately from the observation of the change of volume which the same 
mass of gas undergoes between 0° and 100°, its elastic force remain- 
ing the same, or calculated from the variation in the elastic force 
of the gas between 0 ° and 100’, its volume remaining constant. 

3rd. The air and all other gases, except hydrogen, have greater 
co-efficients of dilatation in proportion as their density increases. 

4th. The co-efficients of dilatation of the different gases approach 
nearer equality as their pressures are lighter; so that the law 
which is thus expressed, “all gases have the same co-efficient dilata- 
tion," may be considered as a limiting law which is applicable to 
gases in a state of extreme dilatation ; but which is farther from 
the truth in proportion as the gases are more compressed, or, in 
other words, as their molecules are brought nearer together. 

(To be continued ,) 
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CONTRIBUTIONS TO RAILWAY STATISTICS* 

In 1846, 1847, and 1848.— By Hyde Clarke, Esq. 

No. I.— PASSENGERS AND FARES. 

Having published an analysis of the Railway Returns for 1845, 
I have taken the earliest opportunity after the appearance of those 
for 1846 and 1847, of giving a similar analysis of them, under the 
same title of w Contributions to Railway Statistics,” which I hope 
may prove equally acceptable to practical men as the former series. 

The following are the totals of each class of passengers in the 
years ending 30th June 



1844. 

1845. 

1846. 

1847. 

1st class, 

4,875,3324 

5,474,163 

6,160,354* 

6,572,714 

2nd class, 

12.235,686 

14,325,825 

16.931.065f 

18,699,288* 

3rd class. 

8,583,0854 

13,135,820 

18.506,527* 

22,850,803* 

Mixed 

2,069.498| 

855,4454 

2,193,126 

3,229,357 

Altogether, 

27,763,602* 

33,791,253* 

43,790.983] 

51,352,163 

The amount received 

for each class, in each year, 

was as fol- 

lows : — 






1844. 

1845. 

1846. 

1847. 

1st class, 

£1,432 688 

£1,516.805 

£1,661,898 

£1.675,759 

2nd class, 

1,375.679 

1,598,115 

1,937.946 

2,048,080 

3rd class, 

483.069 

651.903 

1,032.206 

1,286.710 

Mixed, 

147,858 

209,518 

93,164 

146,733 


Altogether, £3,439,294 £3,976,341 


£4,725,215 £5,148,002 


The yearly increase in numbers on each class of passengers is as 
follows : — 


1845. 

1846. 

1847. 

1st class, 12 per cent. 

12 per cent. 

7 per cent 

2nd class, 17 „ 

18 „ 

10 „ 

3rd class, 50 „ 

41 „ 

23 ,, 

Altogether, 21 „ 

24 „ 

17 „ 

The yearly increase in money 

on each class of passengers is as 

follows : — 



1845. 

1846. 

1847. 

1st class, 6 per eent. 

9 per cent. 

— per cent. 

2nd class, 16 „ 

21 ,, 

6 „ 

3rd class, 34 „ 

48 „ 

24 „ 

Altogether, 16 „ 

18 „ 

9 i, 

It is to be observed that no deductions can 

be drawn from these 

figures, as the Railway Department returns are defective and 

informal. 



The gross returns in each year from passengers, goods, &c., were 

as follows : — 



1842-3, 

£4,535,189 


1843-4, 

5 074,674 


1844-5, 

6,209,714 


1845.6, 

7,565,569 


1846-7, 

8,510,886 



According to Mr. Hackett, in Herapath's Railway Journal, the 
receipts for the years ending 31st December, have been as follows : 

1842, £4,341.781 

1843, 4,827,655 

1844, 5,584,982 

1845, 6,649,224 

1846, 7,664,874 

1847, 8,949.681 


For the vear ending 1 
June 30, 1848, J 


9,423,963 


Mr. Hackett’s totals are taken from the traffic returns published 
in Herapath’s Journal, and do not include many small companies 
which make returns to the Railway Department. 

The following will show the totals of the Railway Department 
and of Mr. Hackett for the same period : — 



Railway Department. 

Mr. Hackett. 

1842-3, 

£4,341,781 

£4,530.401 

1843-4, 

5,074,674 

5,114.575 

1844-5, 

6,209,714 

6,065,956 

1845 6, 

7,565,569 

7459,562 

1846-7, 

8,510,886 

8,194,767 

1847-8, 

— 

9,423.963 


Except in the first two years, it will be seen that Mr. Hackett’s 
totals are below those of the Railway Department, for the reason 
already given. 

1844-5, £142,858 

1845 6. 406,007 

1846 7, 316,119 

These figures show that any error in Mr. Hackett’s figures must 


baon the safe side ; and if we take the difference fbr the year 1847-8 
at 300,000/., this will give as the gross yearly traffic for the year 
ending '30th June last, 9,700,000/., or nearly ten millions sterling. 

The increase of passenger receipts in each year is as follows : — 

1844.5 £537,047 

1845- 6 748,874 

1846.7 422.787 

The increase in the number of passengers in each year stands 
thus : — 

1844.5 £6.027,651 

1845.6 9.999,730 

1846- 7 7,561,180 

The gross increase of revenue in each year stands thus : — 

1844- 5 £1,135,040 

1845- 6 1,355,855 

1846- 7 945,317 

1847- 8 1,200.000 

Mr. Hackett has shown (Herapath’s Journal, 3rd series, voL X., 
p. 33), that the number of miles of railway on which his figures 
are taken, and the average traffic per mile, are as follows : — 


1842, 

Miles. 

Miles opened. 

Traffic per mile. 

1532 

— 

£3,036 

1843, 

1586 

59 

3,081 

1844, 

1780 

194 

3,283 

1845, 

2043 

263 

3,500 

1846, 

2610 

593 

3,288 

1847, 

3449 

839 

2,862 

1847-8, 

fear.) 

3830 

381 

2,719 


The last line has been made up from other data. 

The capital expended on railways has been likewise given by 
Mr. Hackett, from which we can learn the amount expended in 
each year. 

£52,380,100 whole capital, expended. 

57,635,100 „ 


1842, 

1843, 

1844, 

1845, 

1846, 

1847, 


63.489.100 

71.646.100 

83.165.100 
109,528,800 


£5,255,000 

6.844.000 

8.157.000 
12,519,000 
26,363,700 


The total amount of railway expenditure from 1842 to the end 
of 1847 was 57,548,700/. 

The total amount of railway income in those years has been — 


1842, 

£4,341,781 

1843, 

4,827,655 

1844, 

5.584,982 

1845, 

6,649,224 

1846, 

7,664,874 

1847, 

8,949,681 

Add from Railway Returns 

865,984 

Altogether, 

£38,884,181 


Of course the whole of this income cannot be treated as real 
capital, no more can the whole of the expenditure ; but it is a signi- 
ficant fact, that while the whole expenditure has been 57,548,700/., 
the whole income has been 38,884,181/., or more than two- thirds 
of that amount. This is deserving the attention of those who 
direct their attention towards the subject of railway capital. 

It may be noted upon the decrease in the mileage receipts, that 
it is to be accounted for from the greater economy in wonting ex- 
penses allowing of lower fares, and from the progress of railway 
improvement allowing lines to be more cheaply constructed. It 
will be found that the net return is not less in 1847 than in 1842. 

In “Irish Wants and Practical Remedies,” by Humphrey Brown, 


Commons. This I have extend 

Name. 

Midland, 

Lancashire and Yorkshire, 

York and North Midland, 

London and Brighton, 

London and Sooth Eastern, 

Great North of England, 

Great Western, and Bristol and Exeter, 231 
Lancaster and Preston, 

Glasgow and Ayr, 

Hull and Selby, 

London and Cambridge, 

Dundee and Arbroath, .. 

Sheffield and Manchester, 

Altogether, 


, as given before the House < 

3 follows & — 

Length 
in Miles. 

Passengers. 

Goods. 

Tons. 

163f 

550,985 

151,845 

79 

207,088 

109,486 

27* 

185,660 

5,547 

50 

226,444 

43,765 

67 

317,252 

63,079 

45 

75,158 

32,136 

,231 

821,145 

209,563 

20 

106,957 

— 

18f 

597,470 

121,027 

31 

19,562 

93,873 

57* 

591,344 

72,214 

16* 

200,727 

51,899 

44* 

335,444 

84,050 

851* 

4,135,836 

1,038,504 
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The traffic realised on the shove lines in 1845 was as follow* : — 

Name* 

Midland, 

Lancashire and Yorkshire, 

York and North Midland, 

London and Brighton, 

London and Sooth Eastern, .. 

Grant North of England, 

Great Western, and Bristol and Exeter, 

Lancaster and Preston, 

Glasgow and Ayr, 

Hall and Selby, 

London and Cambridge* 

Dundee and Arbroath, 

Sheffield and Manchester,* 

Altogether, 

* Partially opened. 

The results are as follows 


Pssaengers. 

Goods. 

Toot. 

1,809,145 

715,272 

1,674,946 

507,859 

464,755 

351,022 

788*386 

65,747 

728,896 

87,119 

196,722 

234.198 

1,993,088 

209,563 

135,344 

26,099 

843,078 

168,376 

263,402 

227,869 

534,206 

44,572 

269,187 

81,484 

1,168,448 

32,000 

10,868,503 

2,751,180 


Estimated traffic on 851 miles, 
Realised traffic, 1845, 


Passengers. 

4,135,836 

10,868,503 


Goods. Tons. 
1,038,504 
2,751,180 


Excess over estimates, .. 6,732,667 1,712,676 

Increase per cent. .. 160 170 

In Mr. Brown's book on a length of 702 miles the same increase 
of per centage is shown, namely, 160 per cent, on passengers, and 
170 on goods. 

The whole traffic in 1845 was 33,791,2534 passengers, and of 
goods, &c. 11,600,000 tons. Supposing the proportions to he the 
same, the number of passengers carried in 1845 more than was 
provided with means of conveyance before the existence of railways 
was 20,800,000, and the number of tons of goods conveyed was 
7,200,000. Thus the railways not only accommodated the full 
number of passengers for whom conveyances already existed, hut 
carried the above enormous number in addition, besides a great 
quantity of goods. It will be found that this calculation is, how- 
ever, far from representing the amount of accommodation now 
afforded. 

Taking the later returns, where they are available, we shall find 
the increase still greater, as in 1846 for instance: — 


Name. 

Midland, 

Manchester and Leeds, . . 

York and North Midland, and Hull and 
London and Brighton, 

London and South Eastern, 

Great North of England, 

Great Western, &c. . . 

Lancaster and Preston, • . 

Glasgow and Ayr, » . 

London and Cambridge, . . 

Dundee and Arbroath, 

Sheffield and Manchester, 


Passengers. 

2,468,110 
2,157,173 
Selby, 933,514 
971,081 
1,074,730 
239,587 
2,757,193 
162,012 
1,091,371 
922,413 
317,092 
1,604,227 


Goods. Tons. 
900,895 
522,177 
370,414 
93,407 
116,385 
433,867 
300,000 
25,586 
293,304 
110,348 
21,059 
135,000 


13,718,503 3,530,441 

In 1847 there were separate returns from some of these lines, 
as the following: — 

Name. Passengers. Goods. Tons. 

Great Western, &c. . . . . 2,876,222 371,320 

Glasgow and Ayr, .. .. 992,096 397,515 

Lancaster and Preston, . . . . 106,475 22,054 

Dondee and Arbroath, . • . . 360,194 22,354 

Sheffield and Manchester, 1,569,707 218,740 

Sooth Eastern, .. .. 1,477,892 204,100 

The increase over the estimates on the traffic of 1846 is dfcill 
greater than on 1845. 



Passengers. 

Goods. Tons. 

Estimated traffic, 

4,135,836 

1,038,504 

Realised traffic, 1846, 

13,718,503 

3,530,441 

Excess over estimates, 

9,572,667 

2,492,937 

Increase per cent., 

230 

$50 

i traffic on these lines stands as follows; — 



Passengers. 

Goods. Tons. 

Estimated 

.. 4,135,836 

1,038,504 

Realised, 1845, 

.. 10,868,503 

.. 14,078,697 

2.751,180 

t, 1846, 

3,530,441 


The lines for which there are separate returns in 1847 are as 
follows : — 

" Great Western, Ac., 

Glasgow and Ayr, 

Lancaster and Preston, 

Dundee and Arbroath, 

Sheffield and Manchester, 

South Eastern, 


231 miles. 
18 f „ 
20 „ 
164 „ 
444 „ 
67 „ 


The traffic stands thus — 


297| miles. 


Go<w*S? Tons. 
529,618 
604,641 
89L833 
1,236,081 


Estimated •« •• 2, 3> 8,995 

Realised 1845, .. .. 5,138,041 

„ 1846, .. .. 7,006,625 

,, 1847, .. .. 7.382,586 

The actual increase of traffic depends upon the length of time 
given for its development, beginning at 160 per cent, and going up 
to 230 per cent., and in the case of the selected railways even more. 
Taking the increased accommodation to passengers at 160 per cent., 
this would give the following as the increased number of travellers 
provided with travelling accommodation in each year : — 

1844, .. 17,400.000 

1845, .. 20,800,000 

1846, .. 27,000,000 

1847, .. 30,000,000 

If the proportion he taken at 200 per cent., the number accom- 
modated by railway for whom no accommodation was before pro- 
vided, would he 34,000,000. 

The following shows the proportion of traffic on railways in each 
year for which accommodation by coach, &c. was provided, and for 
which no accommodation by coach, &c. was provided : — 

Traveller* from New 

old coaches . &c. Traveller*. 

1844, 10,300,000 17,400,000 

1845, 12,900,000 20,800,000 

1846, 16,000,000 27,000,000 

1847, 21,000,000 30,000,000 

Reckoning that each passenger is on the average earned 20 
miles, each male adult in this country will be carried that distance 
six times in the year, — an extent of accommodation which must 
have a great effect on trade and on the distribution of labour. 

It appears from the averages given in the returns of the Railway 
Department, that there has been a still further reduction in fares 
on most of the lines, and an increase in the average speed per mile. 

The total increase on each class of passengers is as follows : — 
1845. 1846. 1847- 

599,831 686,191 412,460 

2,190,139 2,615,240 1,768,223 , 

5,552,735 5,471,707 4,344,376 

6,028,651 9,999,730 7,561,180 

It is to be observed that these figures cannot be absolutely relied 
on, as the proportions of each class cannot be fully shown, on 
account of the confused state of the returns published by the Rail- 

'f he total increase on each class of passengers between 1844 and 
1847 has been as follows : — 


1st class, 
2nd class, 
3rd class, 
Altogether, 


1st class, 
2nd class, 
3rd class, 
Altogether, 


1,697,382 

6,463,602 

14,267,718 

23,588,561 


This is probably more than the whole traffic of the country in 
1825, and it shows at any rate that there has been a great increase 
in the accommodation given to the working classes. 

The number of first, second, and third class passengers in 1847 


on the leading lines was 

: — 

2nd. 

3rd. 

Total. 

Name. 

1st. 

London and North Western, 

1,112,970 

3,323,380 

2,163,285 

6,599,736 

South Eastern, 

657,380 

1,493,142 

2,008,230 

4,420,759 

Midland, 

445,260 

1,260,312 

2,571,836 

4,277.419 

London and Black wall, 
Lancashire and Yorkshire, 

858*201 

2,279,166 


3,137,767 

216,791 

581,790 

2,090,624 

2,689,206 

Great Western, 

459,734 

1,996,824 

419,663 

2,876,222 

London and Brighton, 

425,948 

699.898 

1,489,985 

2,615,832 

Dublin and Kingstown, 

154,889 

1,269,092 

814,969 

2,238,950 

Eastern Counties, 

287,526 

741,486 

1,044,168 

2,074,170 

South Western, 

399,776 

1,095,050 

472,482 

1,967,308 

Manchester and Sheffield, 

82,201 

151,606 

1,335,900 

1,569,707 

York and Newcastle, . . 

152,083 

753,927 

643,203 

1,553,213 

York and North Midland, 

163,837 

309,782 

731,207 

1,204,826 

Newcastle and Berwick, 

67,734 

174,890 

944,891 

1,187,515 

Edinburgh and Glasgow, 

105,373 

206,485 

836,025 

1,147,883 
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On the London and North Western, 'Great Western, 'South 
Western, and York and Newcastle, the proportion of third-clast 
passengers is much below the regular proportion. 

The largest receipts from passengers in 1847 are — 

London and North Western, £1,173,798 


Great Western, .. 674,241 

Midland, .. 607,126 

South Eastern, .. 336,764 

Brighton, . . 314.493 

Eastern Counties, .. 296,393 

South Western, .. 286,273 

Lancashire and Yorkshire, 184,762 

York and North Midland, 166.434 

York and Newcastle, 147,252 

Edinburgh and Glasgow, 112/82 

The largest amounts received for first-class passengers are— 

London and North Western, £513.795 

Great Western, .. 232 854 

Midland, .. 178,424 

Brighton, .. 124,220 

South Eastern, .. 117,669 

Southwestern, .. 97,689 

Eastern Counties, .. 93,304 

The largest amounts received from third-class passengers are — 

London and North Western, £209,890 
Midland, .. 153,354 

Lancashire and Yorkshire 90,286 

South Eastern, .. 85,403 

Great Western, .. 77,129 

Eastern Counties, .. 74,234 

York and North Midland, 65,507 

No. II.— CATTLE TRAFFIC. 

The last parliamentary returns are still more defective than 
their predecessors, so that it is necessary to estimate some of the 
numbers. 

The following shows the number of cattle carried in the year 
ending 1st July, 1846 : — 

Name. Cattle. Sheep. 8wioe. 

Ardrossan, .. 467 3,826 306 

Chester and Birkenhead, 7,508 5,461 740 

Dublin and Drogheda, 429 1,186 3,636 

Dundee and Arbroath .. 351 58 86 

Eastern Counties : Cambridge, 36.238 106,055 2,613 

„ Colchester, 17,134 89,211 11,190 

Glasgow and Greenock, 640 1,492 

Glasgow and Ayr, .. 2,136 6,567 1,424 

Great North of England, 27,625 32,466 5,305 

Great Western, .. 20,389 165,860 53,702 

London and Birmingham 65,017 232,058 120/161 

Grand Junction, .. 41,595 45,742 337,626 

iAndon and Brighton, 1,079 16,785 962 

London and South Western, 6,390 62,454 5,412 

Manchester and Leeds, 10,448 66,029 40,346 

Maryport and Carlisle, 239 675 609 

Midland, 22,000 15,000 129,000 

( Estimated ), 

Birmingham and Bristol, 2,641 6,274 26 044 

Newcastle and Carlisle, 11,009 49,263 8,291 

Newcastle and Darlington, 16,521 36,505 3,276 

Newcastle and North Shields, 2,874 30,894 599 

North Union .. 5,996 25,679 7,796 

Norfolk .. 24,432 21,509 627 

Preston and Wyre, .. 903 3,726 13399 

Manchester and Sheffield, 416 30,030 6,240 

South Eastern, . . 8,892 48,344 5,224 

Stockton and Darlington, 1,316 2,649 390 

Stockton and Hartlepool, 3Q2 860 420 

Ulster, .. 999 878 27,388 

Whitehaven, 15 19 _ 

York and North Midland, 37,667 62,249 4,944 

Hull and Selby, .. 2,662 49,734 1,311 


wmj returns are incomplete, tnis does not snow ine wnoie 
number of cattle, which will be as follows : — 

Cattle, 370,000 

Sheep, 1,2:0,000 

Swine, 850,000 

Total, 3,470,000 

This shows an increase of 25 per cent, over the number of 
animals carried in 1845. 


Cattle. 

8heep. 

8vrloe. 

467 

3,826 

306 

7,508 

5,461 

740 

429 

1,186 

3,636 

351 

58 

86 

36.238 

106,055 

2,613 

17,134 

89,211 

11,190 

640 

1,492 

— 

2,136 

6,567 

1,424 

27,625 

32,466 

5,305 

20,389 

165,860 

53.702 

65,017 

232,058 

120/161 

41,595 

45,742 

337,626 

1,079 

16,785 

962 

6,390 

62,454 

6,412 

10,448 

66,029 

40,346 

239 

675 

609 

22,000 

15,000 

129,000 

2,641 

6,274 

26 044 

11,039 

49,263 

8,291 

16,521 

96,505 

3,276 

2,874 

30,894 

599 

6,996 

25,679 

7,796 

24,432 

21,509 

627 

933 

9,796 

13399 

416 

30,030 

6,240 

3,892 

48,344 

5,224 

1,316 

2,649 

300 

3Q2 

860 

420 

999 

878 

27,388 

15 

19 

— — 

37,667 

62,249 

4,944 

2,662 

49,734 

1,311 

360,314 

1,209,447 

813,967 


The number of halves carried in 1846 was as follows 
Chester and Birkenhead, 6,288 

Maryport and Carlisle, 1/7? 

North Union, 106 

In other returns they are not distinguished. 

The amount of revenue derived from cattle traffic was in 1846 
as follows : — 



Cattle, £ 

9fcttp,jff 

8 wine £ Total £ 

Ardrossan, 

30 

20 

6 

56 

Chester and Birkenhead, 

237 

45 

12 

294 

Dublin and Drogheda, 

95 

57 

180 

832 

Dundee and Arbroath, 

28 

1 

1 

30 

Eastern Counties : Cambridge 

9,864 

3,693 

178 

13,735 

„ Colchester, 

2,997 

2/54 

239 

5,690 

Glasgow and Greenock, 

98 

24 

- 

122 

Glasgow and Ayr, 

213 

135 

14 

862 

Great North of England, 

— 

— .. 


4 691 

Great Western, 

7,106 

7,460 

2,905 

17,531 

London and Birmingham, 

11,715 

8,817 

6,161 

26,693 

Grand Junction, 

9,126 

4,000 

22,365 

35,491 

Manchester and Birmingham 

— 

— 

■ 

636 

London and Brighton, 

302 

684 

100 

986 

London and South Western, 

1,261 

2,083 

479 

3,813 

Manchester and Leeds, 

750 

1,159 

1,630 

3,739 

Maryport and Carlisle, 

20 

10 

10 

41 

Midland, 

_ 





8,960 

Birmingham and Bristol, 

852 

151 

906 

1,429 

Newcastle and Carlisle, 

1,158 

1,101 

230 

2,489 

Newcastle and Darlington, 

— . 



___ 

2,339 

Newcastle and North Shields, 

107 

193 

7 

307 

North Union, 

— - 



. 

20,919 

Norfolk, 

8,072 

458 

16 

8,656 

Preston and Wyre, 

74 

26 

86 

186 

Manchester and Sheffield, 

— . 

- 



1,420 

South Eastern 

. 

r 



3,079 

Stockton and Darlington, 

87 

32 

4 

123 

Stockton and Hartlepool, 

16 

8 

4 

28 

Ulster, 

131 

21 

448 

600 

York and North Midland, 

2,360 

1,708 

240 

4,308 

Hnll and Selby, 

793 

Total 

1,491 

32 

2,226 

£167,201 


On account of the very imperfect state of the returns, it is im- 
possible to give the proportion paid in 1846 under each head of 
cattle traffic. In 1845 the proportions were— 

Cattle, £30,000 

Sheep, 26,000 

Swine, 30,000 

The proportion for cattle must now be larger, and that for swine 
smaller. 

In 1847 the number of cattle carried by each company was as 
follows:— 


Name. 

Cattle. 

Sheep. 

Sirioe. 

Ardrossan, 

820 

332 

760 

Chester and Birkenhead, 

1,688 

6,582 

1,065 

Dublin and Drogheda, 

680 

1,794 

4,338 

Dundee and Arbroath, 

325 

32 

6 

Eastern Counties : Cambridge, 

14,792 

252,680 

10/80 

„ Colchester, 

20,722 

107,693 

26,076 

Eastern Union, 

6,681 

19,151 

2,420 

Ipswich and Bury, 

1,408 

4.848 

749 

East Lancashire, 

287 

1,290 

40 

Furness .. 

3 

42 

_ 

Glasgow and Greenock 

698 

497 

— 

Glasgow and Ayr, 

1,759 

6,137 

332 

Great Southern and Western, 

5,058 

14,830 

15,846 

Great Western, 

28,231 

201,833 

14,360 

Kendal and Windermere, 

108 

1,814 

73 

Lancashire and Yorksbire.(M.6cL.)22,449 

75,011 

20,733 

London and North Western, 

161,171 

899,998 

150,674 

London and Brighton, 

2,617 

28,858 

3/18 

Londonderry and Enniskillen, 

28 

108 

47 

London and South Western, 

13,565 

76,365 

3,462 

Manchester and Sheffield,* 

6,000 

5,000 

10,000 

Maryport and Carlisle, 

924 

615 

2,282 

Midland,* 

30,000 

3,526 

150,000 

30,000 

Bristol and Birmingham, 

12,771 

10/84 

Middletborough and Redear, 

251 

525 

7 

Newcastle and Carlisle, 

14/109 

66,628 

9,759 

Newcastle and Berwick, 

1,908 

32,224 

597 

North Union, 

6,998 

81,185 

7/11 

Norfolk, 

38,888 

86,349 

8/34 

Preston and Wyre, . . 

2,245 

3,788 

6,169 

Sooth Eastern, 

7,096 

47,167 

2/37 

Stockton and Darlington, 

Estimated 

W8, 

amount. 

2,121 

258 

32* 
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| August, 


Shrewsbury Slid Chester, 

South Devon, 

Stockton and Hartlepool 
Ulster, 

Whitehaven, .. 

York and Newcastle, 

York and North Midland, 

Total 

The whole number of cattle in 1847 will therefore be as follows, 
allowing for the incompleteness of the returns . 


336 

1,269 

66 

222 

109 

6 

698 

2,367 

592 

1,273 

3,313 

13,360 

34 

86 

— 

41,399 

88,287 

9,142 

41,931 

84,656 

7,014 

483,291 

1,995,354 

372,987 


Cattle, 

Sheep, 

Swine, 


500.000 

2, 000, 000 

390.000 


Total, 2,890,000 

Making nearly three million head of stock. The falling-off in 
swine arose from the Irish famine. 

The number of calves carried in 1847 was as follows : — 

Chester and Birkenhead, ,, 6,534 

London and South Western 9,222 

Mary port and Carlisle, .. 65 

South Eastern, 1,062 

South Devon, .. 217 

The amount of revenue derived from cattle traffic was in 1847 
as follows : — 

Name. 

Ardrossan, .. £ 

Chester and Birkenhead, 

Dublin and Drogheda, 

Dundee and Arbroath, 

Eastern Counties, Cambridge, 

99 Colchester, 

Eastern Union, . . 

Ipswich and Bury 
East Lancashire, 

Glasgow and Greenock 
Glasgow and Ayr, 

Great Southern and Western, 

Great Western, .. 

Kendal and Windermere, 

Lancaster and Carlisle, 

Lancashire and Yorkshire, 

London and North Western, 

London and Brighton, 

London and South Western, 

Londonderry and Enniskillen, 

Manchester and Sheffield, 

Mary port and Carlisle, 

Midland, 

Bristol and Birmingham, 

Middlesboroogh and Redcar 
Newcastle and Carlisle, 

Newcastle and Berwick, 

North Union, ., 

Norfolk, 

North British, .. 

Preston and Wy re. 

South Eastern, . . 

Stockton and Darlington, 

Shrewsbury and Chester, 

South Devon, .. 

Stockton and Hartlepool, 

Ulster, 

Whitehaven, 

York and Newcastle, 

York and North Midland, 


Cattle. 

Sheep. 

8wine. 

Total. 

6 

£ 1 

£ 2 

£ 9 

257 

64 

20 

331 

132 

65 

123 

317 

28 

— 



29 

15.112 

9,656 

296 

25,061 

2,949 

2,710 

434 

6^)93 

444 

168 

30 

632 

102 

,46 

16 

163 

11 

13 

1 

25 

D2 

21 



113 

223 

128 

22 

373 

764 

584 

455 

1,803 

7,864 

9,021 

776 

17,661 

1 

5 

— 

6 

595 

875 

■ 

1,470 

2.192 

1,276 

844 

6,312 

25,435 

16,622 

17,223 

59,280 

657 

880 

200 

1,737 

1,808 

2,204 

138 

4,150 

3 

2 

1 

6 

- '■ ' 

— ■ 

- - - 

3,036 

71 

10 

25 

106 

— 

— ■ 

— 

10,270 

437 

380 

390 

1,243 

9 

3 

— . 

12 

1,323 

1,306 

273 

2.902 

71 

204 

9 

284 

— 

— ■ 

— 

15,531 

— 

— — 



6,598 

■ 

>« — 

— . 

767 

170 

38 

42 

250 

— 

— 

— 

3,334 

129 

31 

3 

163 

19 

20 

1 

40 

11 

2 

— 

13 

31 

25 

6 

62 

172 

2 

92 

237 

601 

44155 

3,925 

286 

2 

8,466 

'2,320 

2,068 

1,068 

5,456 


Total 

. • 

£183,400 


1845, £102,000 

1846, 167,200 

1847, 183,400 

The great advance in cattle traffic was made in 1846 ; but the 

M ess was not so great in 1847, as there was a positive falling-off 
) number of swine carried. The greatest increase is in the 
conveyance of fat stock and sheep. 

The following are the proportions of cattle carried in each 

ear •— 


year : — 


1845, 

1846, 
•1847, 


Cattle. 

236.000 

370.000 

600.000 


Sheep. 
1,200.000 
1 250,009 
2,000,000 


Swine. 

650.000 

850.000 

390.000 


Sheep. 

Swine. 

200,000 

55,000 

150,000 

10.000 

75,000 

3,000 

40,000 

2 600 

200,000 

10.000 

75,000 

20 000 

25,000 

3,000 

765,000 

103.600 


The cattle carried to the London market in 18 * 7 , may be 
reokoned as follows : — 

Cattle. 

London and North Western, 65,000 

Great Western, . . 20,000 

South Western, .. 13,000 

South Eastern, . . 7,000 

Eastern Counties : Cambridge, 10,000 
„ Colchester, 15,000 

Brighton, .. 2,500 

Total, ’ 132,500 

The number of cattle sold in Smithfield in 1846 was 213,525, and 
of sheep 1,527,220, so that the railways must have engrossed a 
considerable part of the cattle traffic. For the conveyance of 
cattle to the London market the railway companies receive at least 
£75,000. 

Great reductions have been made in the charges for the convey- 
ance of cattle since 1845. The charges are as follows 


London and North Western, 

M 

Eastern Counties: Cambridge, 

99 

Eastern Counties: Colchester, 

>i 

Great Western, 

»» 

York and North Midland, 

11 

Lancashire and Yorkshire, 

»» 

London and South Western, 


CatUe. 

Sheep. 

Swine. 


d. 

d. 

d . 

1845, 

1020 

•160 

•160 

1847, 

•626 

•135 

•145 

1845, 

•080 

•200 

•400 

1847, 

•943 

•143 

•107 

1845, 

*980 

•206 

'400 

1847, 

•890 

•163 

•173 

1845, 

1*530 

•156 

•188 

1847, 

*819 

•166 

•188 

1845, 

•500 

•200 

*50<> 

1847, 

•500 

•200 

•600 

1845, 

•870 

•250 

•250 

1847, 

•706 

•177 

•373 

1845, 

1 750 

•200 

•600 

1847, 

1*460 

•160 

•190 

on the York and North 

Midland 


London and North Western, 
Eastern Counties : Norfolk and ) 
Eastern Union, 

Great We®tern, 


S 


.. j wvvw-uv v..v. "vie oireouy iuw, 

The largest cattle traffics in 18*6 were as follow 

Cattle. 

96,612 
77,804 

- ~ •• 20,389 

York sod North Midland, and ) 

Hall and Selby .. \ 40,319 

Great North of England, 

Lancashire and Yorkshire, 

South Western, 

North Union, . . 

Newcastle and Carlisle 
South Eastern, 

Newcastle and Darlington, 

Manchester and Sheffield, 


27.625 
10,448 
6.890 
5,996 
11,009 
3 892 
16,521 
416 
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follows : — 

London aod North Western, 

Eastern Counties, ficc., 

North Union 
Great Western, 

Midland, 

York and North Midland, &c 
Great North of England, 

London and South Western, 

Lancashire and Yorkshire, 

South Eastern, .. W<B 

The largest cattle traffics in 1847 were as follows 


London and North Western, 
Eastern Counties, 

Great Western, 

York and North Midland 
York and Newcastle, 

Lancashire and Yorkshire (M &IA 
Southwestern, 

Newcastle and Carlisle .. 

North Union, 

•South Eastern, 

London and Brighton, . . 
Newcastle and Berwick, 


Cattle. 

161.171 

82,491 

28,231 

41,931 

41,399 

22449 

13,566 

14,599 

6,996 

3,592 

2,617 

1,908 


. . © ouvif WC 1UUK 

principal companies : — 

London and North Western, Cattle, 

1845, 61,466 

1846, 96.612 

4847, -161,171 


Sheep. 

Swine. 

277,800 

358,087 

216.775 

14 430 

165,860 

-53,702 

109,992 

5,225 

32,466 

3 300 

66,029 

62,454 

40,346 

6,412 

25,679 

7.796 

49,263 

8.291 

48,344 

6.224 

36,505 

3,376 

30.030 

6,240 

cattle traffic range as 

£62.880 

28,971 

20,919 

17,531 

8,960 

6,534 

4 591 

3,813 

3,739 

3,079 

follows : — 

Sheep. 

Swine. 

390.998 

150674 

469,721 

48,350 

201,901 

14 360 

84,656 

7,014 

88,287 

9,142 

75,011 

20,733 

75,365 

3,462 

66,628 

9,759 

25,679 

7,796 

5,224 

48.344 

28,858 

3,018 

32,224 

697 

he cattle traffic of the 


Sheep. 

229,245 

277.800 

399,998 


Swine. 

315,989 

•348,087 

450,674 
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Eastern Counties, 

Cattle. 

Sheep. 

Swine. 

1845, 

20,661 

125,564 

4,228 

1846, 

77.804 

216,775 

14.430 

1847 

Great Western, 

82,491 

469,721 

Sheep. 

48.359 

Cattle. 

Swine. 

1845, 

14.058 

172,264 

52.443 

1846, 

20,389 

284131 

165,860 

53,702 

1847, 

201,901 

Sheep. 

14,360 

Swine. 

York and North Midland, 

Cattle. 

1845, 

15,364 

88.143 

31.708 

1846, 

40,319 

41,931 

109,992 

5,255 

1847, 

84 <656 

7,014 

York tod Newcastle, 

Cattle. 

Sheep. 

Swine. 

1845, 

19,685 

20 000 

6,000 

1846, 

44,146 

68,971 

5,531 

1847, 

41,399 

88,287 

Sheep. 

9.142 

Lancashire and Yorkshire, 

Cai tie 

Swine. 

1845, 

9,686 

149,022 

27,485 

1846, 

10,448 

66,029 

40,346 

1847, 

22,449 

75 011 

20,733 

Swine. 

Sooth Western, 

Cattle. 

Sheep. 

1845, 

2,768 

63,441 

3 080 

1846, 

6,390 

62,454 

6,412 

1847, 

13.565 

75,365 

3,402 

Newcastle and Carlisle, 

Cattle. 

Sheep. 

Swine. 

1845, 

3.782 

37,525 

5.116 

1846, 

11,009 

14,599 

49,263 

8,291 

1847. 

66,628 

9,759 

‘The Belgian ctfttle traffic from the returns was as follows : — 

1843, 

1844, 

1845, 

Cattle. 

8 609 
12,691 
7,597 

Sheep & Swine. 

33,562 

39,056 

29,704 


Taking the saving by conveyance of cattle on railways at 10 lb. 
per quarter, 2 lb. for sheep, and 5 lb. for swine ; or 40 lb. per beast. 
8 lb. for sheep, and 20 lb. for swine, the gross saving in 1846 will 

On 370.000 cattle, 14.800,000 lb. 

1 ,250.000 sheep, 1 0,000 000 

650,000 swiue, 17,1)00,000 


Total, 41,800.0001b. 

The gross saving of animal food on the cattle conveyed by rail- 
way in 1847 was as follows: — 

Oo 500,000 cattle, 20,000 000 lb. 

2,000,000 sheep, ] 6,000,000 

390,000 swine, 7,600,000 


Total, 43,800,0001b. 

In the late report on Smithfield market, some evidence is given 
bearing on the question of the conveyance of cattle by railway : — 

Mr. R. Healy said that there is a much greater quantity of dead 
meat brought to the London markets in consequence of railway 
communication. By means of the railways, great quantities of 
hind-quarters of mutton are sent up from the country, as the 
butchers there kill large quantities of sheep and sell the fore- 
quarters at home amongst the population there, and send the hind 
quarters by railway to London. 

Mr. Langham, a 'butcher, said that country-killed meat is better 
than town-killed meat, and that it oomes in excellent condition 
from Scotland. It is the general opinion of butchers that this is 
the case. 

Mr. Hicks, the salesman, said that he has a very large quantity 
of meat sent up from the country by railway, and that it is not 
damaged by the journey even In hot weather. He has used the 
electric telegraph to obtain a supply of meat from the country. A 
communication was sent the same night by the country grazier 
^that he would send up 600 or 700 stone of meat by the next morn- 
ing's train. At 1 o'clock in the morning it started from Ipswich, 
<and before 5 o'clock it was in his premises in Newgate market 
-on sale, having been alive the day before. Mr. Hicks has some- 
times 300 carcases on a Monday. 

Mr. Langham likewise stated, that since the railways have been 
^opened a country trade in meat has been growing up. Beasts 
- have been sent from Smithfield to Liverpool, and he has seen 
'immense quantities of meat going down to Birmingham. The south 
country alsq is supplied from the London market with beef — 
•Brighton in particular. The Brighton butchers are frequently 
seen in Smithfield purchasing cattle, which they take down with 
them the same day. Sometimes as many as 300 or 400 beasts have 
.gone down by the Birmingham railway on a Monday. 

These facts will show the nature of cattle traffic on railways. 


THE 44 WESTMINSTER REVIEW,* No. XCVII.: 

THE MEW HOU8E8 OF PARLIAMENT. 

Although political topics and subjects of a grave utilitarian cast 
form the staple of this periodical, with only occasionally an article 
of a lighter cast, the “ Westminster " has in its time, and espe- 
cially under its present editor, contributed more largely to archi- 
tectural information and criticism than either of its rivals. In 
fact, the ““ ’Edinburgh ” has scarcely once, during the whole of its 
long career, touched upon aught connected with architecture. 
One prevalent fault in Remew articles of the kind, is the dull and 
impertinent prosing with which they are eked out, in order to fill 
up a printed sheet, or as much more as may be the space allowed, 
although all that the writer has to communicate would perhaps 
occupy not more than a couple of pages. In the present instance, 
we have no such complaint to make : the writer comes at once to 
the point, and criticises in succession (besides the New Houses of 
Parliament) the New Treasury Buildings, Buckingham Palace as 
altered by Mr. Blore, the British Museum, and the Royal Ex- 
change ; and his remarks are upon the whole so £ood, as far as 
they go, although we do not subscribe our own opinion to every 
one of them, that we wish he had entered more into particulars 
with regard to the three last-mentioned structures. How they 
and the “ Houses" themselves aTe spoken of, except -as regards 
ability on the part of the writer, we have not yet said. With 
respect to the Palace, indeed, it may be taken for granted that his 
opinion is anything hut favourable, that unhappy building being 
abandoned to universal derision; but the writer is severe upon 
the others also — and not least of all, or rather more especially 
so. upon the Houses of Parliament, which proves that he does not 
take his cue from the vulgar flatteries of the public press, heaped 
upon Mr. Barry and his “ great work." In short, he expresses 
himself exceedingly dissatisfied with that edifice ; nor is he by 
many the only one who is so, for even among our own acquaintance — 
those, too, whose judgment in matters or architecture is entitled 
to some deference — we have heard opinions equally strong in dis- 
favour of it. One serious complaint alleged against it is, that 
however well the florid and exuberant embellishment bestowed on 
the river-front may shine or sound in description or show itself 
in an elevation drawing, it is all but entirely lost m the building 
itself ; — that there is abundant sculptural decoration of some sort 
or other may be seen, but it cannot be at all made out. The -de- 
coration is, besides, net only too minute, considering the vast 
extent of the river- front, and the distance of the nearest accessi- 
ble point from which it can be seen ly the public, but is also se 
profuse, as quite to destroy 44 repose. While this is to he re- 
gretted for artistic reasons, it is also to be condemned for financial 
ones ; an immense expenditure having being incurred for mere 
ornament, to scarcely any purpose at all. Surely the water-side of 
the building might very properly have been made some degrees 
less ornate than the other fronts, and still have been sufficiently 
finished-up, and sufficiently dignified and imposing, — nay, even 
more effective in its ensemble than it now is. Hitherto, stingy par- 
simoniousness has been allowed to betray itself more or less in 
nearly all our public buildings, where the effect of what is perhaps 
a handsome fa?ade in itself is sadly marred by the meanness of 
plain brick walls, shabby chimneys, and other eye-sores that come 
into sight in every angular view of the budding, — as is most 
offensively the case in the new facade of the British Museum, 
notwithstanding that it is decked-out in Ionic pomp, or what is 
meant for such. In the Houses of Parliament, the architect has 
fallen into the contrary extreme of error ; and anxious to avoid 
the reproach of parsimoniousness, has incurred that of extrava- 
gance. 

Besides wasteful excess of decoration, the writer in the 44 West- 
minster” urges against the “Houses" what he considers two 
capital and now irremediable defects ; one of them being the want 
of greater ’loftiness in the river-front, more especially as the ^ 
situation itself is very low ; the other, the position of the Victoria 
Tower. Nodoubt, when all the towers in the rear of the river- 
front shall >coine to be completed, and the sheds, coffer-dam and 
other obstructions are cleared away, some expression of loftiness, as 
well as variety of outline, will be imparted to the general ensemble; 
but then <that will again be counteracted by the much greater 
loftiness and bulk of the Victoria Tower. If exigences of plan 
required that the royal entrance should he just at the south-west 
corner of the pile, — if it was impossible to bring in that entrance 
as the central feature of the west side— or perhaps the east one, 
by forming a commodious carriage approach to it along the terrace 
— there was at all events no imperious necessity for carrying up 
such an enormous tower over it as is now intended to be done. 

<Lt is true, in many mediaeval edifices which have .grown up by 
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degrees* end consist of parts added to the original plan at long 
intervals of time, very great incongruities and discordant con- 
trasts may be found, and may be pleaded by some as sufficient 
precedent. But the “ Houses * will have been erected from one 
comprehensive original plan, laid down by the architect from the 
very outset ; and so far from aiming at variety and contrasts in his 
elevations, Mr. Barry has most studiously attended to perfect 
regularity of composition and uniformity of features, — at least, 
such is the case with regard to the river-front, which, although a 
secondary one in regard to its situation, will hardly be secondary 
in regard to display. Nevertheless, so lofty a structure raised at 
one corner ot the general mass as the Victoria Tower will be, 
must inevitably show itself as a striking irregularity, — an archi- 
tectural excrescence, and apparently an after-thought — at least 
to those who may not happen to know that it was so planned from 
the very first. 

With regard to the river-front, the question now is : How can it 
be rendered accessible to the public, so that its elaborate ornamen- 
tation can be fairly seen and enjoyed ? At no very great distance of 
time, perhaps, and owing to the very insecure condition in which it 
now is, Westminster Bridge will be taken down, and either consi- 
derably lowered or rebuilt further off from the Houses of Parlia- 
ment ; in which case, Bridge-street will be converted into a cul-de- 
sa c, similarly to the streets which run from the south-side of the 
Strand down to the river; consequently, the “Houses’* will no 
longer be looked down upon from the bridge — but then how is their 
river-front to be lookea at at all, except from a boat on the river 
itself? The only way of enabling the public to contemplate that 
facade, will be to form a second terrace or quay for foot passengers, 
advanced about fifty feet into the river, and perhaps about a couple 
of feet lower than the terrace between the advanced extremities of 
the building itself. Unless something of that kind were to be done, 
quite as much would be lost as gained by the removal of the present 
bridge ; to say nothing of the great inconvenience attending the 
disturbing such a long-established line of communication and 
traffic. 

That we agree with the Westminster ” in much or most of what 
it says, both in regard to the Houses of Parliament and the other 
structures which it notices, we freely admit. And it is pleasant to 
us to find opinions that are upon the whole in accordance with our 
own entertained by others. Speaking of Buckingham Palace, the 
“ Westminster ” observes that the Marble Arch “might have been 
advantageously incorporated with the design by an artist of re- 
source and genius and again, of the British Museum, that the 
central portico or octastyle ought to have been loftier than the 
other colonnades, both which ideas have been brought forward in 
sketches in this very Journal . Although we should not have been 
displeased at his noticing that circumstance, supposing him to have 
been aware of it, we do not accuse the writer of making use of “ our 
thunder ;” on the contrary, we are right glad to meet with the 
ooincidence of opinion, and to find that we are not altogethe soli- 
tary in our own. Here we will conclude, by earnestly recommend- 
ing a perusal of the article in the “ Westminster* to our reader. 
It certainly bears rather severely upon Mr. Barry, but he, if any 
one at all, can very well bear on his part to hear unpalatable 
truths. Of flattery and adulation he gets enough, or more than 
enough — more than may be altogether wholesome for him. An 
occasional draught of “ bitters” wul therefore do him no harm. 


of one central buffer in lieu of the two side ones, as hitherto 
used ; this the patentee constructs in combination with the draw- 
link. The annexed diagram represents this arrangement. A, A, 
are the buffer-plates of adjoining carriages ; they are attached to 



the buffer-rods B, B, the ends of which are made of the looped 
form shown, for the purpose of admitting the loop of the connect- 
ing-links C, C. The Duffer-plates A, A, are made with holes 
through their centres, through which are passed the double-ended 
hooks D, when the carriages are required to be connected, which 
are hooked to the links C, C, upon the buffer-rods B, B. Immedi- 
ately behind the loop are cut threads, upon which work the nuts, 
E, E, upon which are loose collars, that do not revolve with the 
nuts. To the loose collars are .attached by studs the links C, C; 
When it is required to connect two carriages, the buffer-plates 
are brought together, the two nuts are turned up to the looped 
ends of the buffer-rods, and the double hook inserted and hooked 
on to the links ; the nuts are then to be turned back until the 
links and the hooks become tight. Instead of passing the traction- 
rods entirely through the carriage as hitherto, the patentee passes 
the rod B, only through the end-frames F, F, of the carriage, 
where the helical spring G, is placed upon the rods, and acts as 
the buffing-spring. — The patentee claims as his third improvement, 
the employment of helical springs or other elastic substance, incom- 
bination with adjusting-screws, for making the couplings of rail- 
way carriages; also the combination of a double-joint with the 
adjusting- screws. — The patentee’s fourth improvement consists in 
constructing the axle-box and the axle in such manner that the 
lubricating material employed shall be retained in contact with the 
journal and the bearing, and thereby prevent a considerable por- 
tion of the waste which has hitherto taken place with axle-boxes 
as usually constructed. He constructs the axle of one piece or of 
two pieces, as in the usual way ; the brass forming the bearing is 
properly fitted in, and the end of the axle is inserted into the axle- 
box from the back ; the axle inside against the journal is turned 
with a flat or taper shoulder, against which is fitted and placed a 
metal ring; between the ring and the back of the axle-box is 
inserted a ring of vulcanized india-rubber, or other similar sub- 
stance, thereby preventing the escape from the axle-box of any 
considerable portion of the lubricating material employed. — The 
fifth improvement consists of a means of enabling any of the pas- 
sengers in railway carriages of a train to signal and communicate 
with the engine-driver or guard, by the aid of electricity. To the 
middle partition of each railway carriage, near the root, is fixed a 
small voltaic battery, by means of which the passengers are en- 
abled to bring into action an electro-magnet, that explodes a per- 
cussion-cap or rings a bell. 


REGISTER OF HEW PATENTS. 

RAILWAY LOCOMOTION. 

Richard Wriohton, of Lower Brook-street, Grosvenor-square, 
for “ Improvements in apparatus to be applied to railway carriages and 
engines.”— Granted December *2, 1847 ; Enrolled June 22 , 1848. 

The apparatus consists of five distinct applications to railway 
carriages and engines for different purposes. The first part con- 
sists in the construction of apparatus attached to the breaks of 
railway carriages ; the actuating force upon the breaks being that 
df steam. The patentee claims under this head of his specification, 
the combination and arrangement of apparatus, whereby the 
piston of a steam-cylinder may be made to act upon central trac- 
tion-rods or shafts, for the purpose of working the breaks of car- 
riages and causing them to act simultaneously upon the wheels 
throughout the whole train ; also the construction of box-coupling 
for connecting the shafts, and the power to the breaks. — The 
coiui improvement consists in the employment, inrailway carriages, 




COKE OVENS. 

George Ambroise Michaut, of Epieds, France, for “ Improve- 
ments in the production and application of heat, and in the manufac- 
ture of coke.” — Granted December 15, 1847 ; Enrolled June 15, 
1848. 

The application of the heat evolved during the formation of 
coke is the object of this invention. Several ovens are combined 
together, which are provided with fire-bars that occupy only a 
8 mall portion of the area of the bottom. The ovens are separated 
from each other by partitions, and in the upper parts there are 
openings to permit the flame and products ot combustion to pass 
from one oven to another ; and there are openings in the top of 
each oven, through which the flame and heated gases ascend, in 
order to heat gas-retorts, lime-kilns, steam or other boilers, or 
other apparatus, situated above the ooke-ovens. The patentee 
states, that by means of this invention the heat may be more ad- 
vantageously obtained and applied than before. When the ovens 
are at work, the charges of coal are introduced in succession, in 
such manner that the charge in two out of three may be in a high 
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state of ignition when fresh coal it put into the other. The 
operator will know when to withdraw a charge, by the flame 
ceasing on the surface ; as soon as this is the case, the charge is to 
he withdrawn and cooled with water ; a fresh charge of coal is 
then to be put into the oven, and, the fire-door being closed, the 
charge will soon be ignited by the heat of that oven and the flame 
from the other ovens. The ash-pit doors are to be kept closed at 
all times, except it be found requisite to introduce air to expedite 
combustion ; and the ash-pit door of the oven, into which toe air 
is to be admitted, is opened. 

STEAM-BOILER FURNACES. 

Hhhry F. Baker, of Boston, United States of America, for a 
certain new and useful improvement in steam-boiler furnaces ? — 
Granted December 22, 1847 ; Enrolled June 22, 1848. 

The annexed diagram represents a longitudinal vertical section 
of the furnace, as applied to the cylindrical boiler of a high- 

e ire engine. The fire-box a, is placed at one end of the 
. At tne end of the fire-bars there is placed a vertical grate 
c, which reaches nearly to the bottom of the boiler, for the purpose 



of preventing ashes from being carried into the reverberatory 
chambers ; in the addition of which, the peculiarity of the inven- 
tion consists. The bottoms of these chambers are placed below 
the level of the fire-bars, and the number of them may be four or 
more as required. They are of a parabolic form, for giving a re- 
volving motion to the gases and other inflammable matters, thereby 
retaining them till consumed ; e is a plate of iron placed in an 
inclined position, whereby it receives the direct force of the 
entire flame from the furnace, part of which is deflected against 
the bottom of the boiler, while the remainder is turned down- 
wards, and caused to circulate in the chamber below. Openings 
are left at the upper part of the plate e, between it and the bottom 
of the boiler, which allows the flame to pass along ; f and $ are 
air-channels, for the admission of atmospheric air or oxygen, in 
order to ensure the perfect combustion of the gases. These chan- 
nels are carried into tbe brickwork at the side of the boiler, 
through which they may be conducted, and furnished with valves, 
if necessary, for regulating the quantity of air ; A, A, are curved 
plates, which extend across the furnace, the openings in which are 
so arranged that, while part of the heat and flame passes along 
immediately in contact with the boiler, part also is deflected 
against the bottom of the boiler, and the remainder is directed 
down into the hollow bottoms of the reverberatory chambers. 
GratingB t, «, t, are placed in the bottom of each of the reverbe- 
ratory chambers, to allow any small particles of incombustible 
material to escape, that may be earned over by the draught. 
These gratings open into a pit A, below, which must be kept 
closed. The fire having been ignited, the flame and gases evolved 
will be carried over and through the vertical bars c, and will come 
in contact with the plate e, by which they will be deflected against 
tbs boiler, and also turned downwards into the hollow bottom of 
the first chamber d, causing them to rovolve and be retained a 
short time, to further the combustion. They then pass over the 
upper part of the air-distributing box, on the further side of 
winch are numbers of small openings, whence the atmospheric air 
issues, as indicated by the arrows, the current of air or oxygen 
causing the unconsumed volatile product to be converted into 
flame, which, by the force of the current, impinges on the bottom 
of the boiler. The gases are also in this next chamber caused to 
revolve by the curved shape ; and they are disturbed by the plate 
A, in the next chamber, where they are again retained a short 
time, the revolving in these chambers causing the heated particles 
to be brought in contact with the boiler, the last reverberatoir 
chamber being also furnished with an air-distributing box g, which 


is supplied by channels through the brickwork* From the fourth 
chamber the incombustible product is conducted by a flue at the 
bottom of the boiler to the chimney. 

AXLE GUARDS AND BUFFERS. 

Charles de Bebgue, of Arthur-street West, City, engineer, for 
“ Improvements in carriages used on railways ? — Granted January 6 ; 
Enrolled July 5, 1848. 

These improvements in railway carriages relate only to tbe 
axle-guards and boxes, and to buffers. The patentee con- 
structs his axle-guards in such a manner, that a wooden surface 
shall be presented as a guard for the axle-box (which is of cast- 
iron) to rub against. For this purpose he secures two uprights to 
the main framing of the carriage, at a distance from each other 
suitable for receiving the axle-box, which has a flange, its whole 
depth on each side embracing both sides of the uprignts. These 
wood uprights forming the guard, are strengthened by plates of 
iron, placed on each side, the width of such plates being less by 
the breadth of flange on the axle-box, than the wood against 
which they are bolted ; thus the face of the axle-box slides flush 
with the face of the axle-guard. The upper parts of these plates 
are carried up the side of the frame, to which they are secured. 
The springs are of the kind previously patented, and consist of a 
series of india-rubber rings, separated by plates of metaL This 
spring is placed between the uprights of the axle-guard, the bot- 
tom plate being supported by a vertical rod resting in a step on 
the axle-box, immediately above the centre of the bearing, being 
within the grease-box, which forms part of^ and is cast in one 
piece with, the axle-box. The wood faces of the axle-guards and 
the chase in the sides of the axle-boxes must be rendered particu- 
larly smooth, in order to prevent abrasion of the surface of the 
wood. The second improvement consists of a mode of making 
the conical centres of plates used for separating the rings of india- 
rubber in the buffer and other springs. In making these plates 
the patentee forms a thin disc of metal of the required diameter, 
having a hole in the centre larger than is necessary, to go over the 
buffer-rod ; ke then incloses this plate in a suitable mould, in 
which is poured a quantity of soft metal, such as zinc and tin, in 
order to form the conical centre of such separating-plates. The 
soft metal mould, being larger in diameter than the hole in the 
centre of the plate, it consequently becomes securely imbedded in 
the soft metal centre, which is cast with an opening suitable to 
receive the buffer-rod or other spindle, according to the purpose it 
may be intended for. The third part of this invention relates to 
what the patentee denominates a long-range buffing apparatus, 
which is applied to a van or truck placed between the engine and 
tender ana the train of carriages, in order to protect the train as 
much as possible from violent concussion. The range of resistance 
in this apparatus is to the extent of several yards, and, unlike 
other buffers, it is not attended by any recoiL The resistance is 
produced by the friction of straps passing over a drum, which 
straps are so arranged in connection with levers and a train of 
wheels, that as the force of the collision increases, the straps are 
tightened and the resistance is augmented. 

SCREW PROPELLERS AND PUMPS. 

Edward Humphreys, of Holland-street, Surrey, engineer, for 
“ certain improvements in steam-engines , and in engines or apparatus 
for raising , exhausting, and forcing liquids ? — Granted January 4; 
Enrolled July 4, 1848. 

The improvements in steam-engines have reference solely to 
the mode of driving the screw propellers of steam-boats. The ap- 
paratus and the driving multiple wheels are so arranged, that the 
cranks usually employed are dispensed with, the place being sup- 
plied by the driving spur-wheels themselves. The pins to which 
the connecting-rods are attached, and which have hitherto heen 
fixed to the cranks upon the ends of the shaft, are, by the 
patentee*® arrangement, now fixed to the bosses of the driving- 
wheels, which take the places of the cranks. The second part of 
the invention consists in the construction of the valves for pumps 
for raising or lifting or forcing water, as applied to an air-pump. 
The patentee proposes to form the passages thiough the bucket, 
radiating from the centre ; the passages being in pairs, having a 
thin partition of metal between them, each pair of the passages 
being covered by a valve, which is composed of a thin piece of 
steel or other flexible metal, one end of which is firmly secured te 
the inner part of the bucket, while the other part rises from its 
seat, when required to allow the flow of water. The patentee 
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claims in respect to the first part of his invent on — First, the 
placing the direct-acting marine steam-engines between a line 
drawn through the centre of the piston-rod, and a parallel line 
drawn through the adjoing bearing, or in the spaces usually occu- 
pied by the crank in ordinary engines. Also the connecting the 
the piston-rods to the driving-wheels, without the aid of cranks. 


LAP-WELDED IRON TUBES. 

Joe Cutler, of Birmingham, civil engineer, for u certain im- 
provement s in welded iron pipes or tubes to be used as the flues of steam- 
boilers "—Granted January 13 ; Enrolled July 13, 1848. 

The object of the patentee is to produce lap-welded iren tubes 
or pipes, so formed as to give increased strength to those parts 
which are exposed to wear, without additional weight to the entire 
length of the tube, and thereby to obviate the evils to which boiler 
tubes are at present exposed. He makes the internal diameter of 
the tube greater at one end than at the other, instead of its being 
the Same, or uniform throughout, as has hitherto been the case ; 
the external diameter remaining, however, the same, and uniform 
throughout the entire length of the tube. The tube will, of course, 
be cylindrical upon the exterior, and conical upon the interior sur- 
face. The increased thickness of metal at the one end is to be 
drawn from the remaining portion of the entire length of the tube. 
And further, the operation is effected at one heat, so that the 
ductility of the iron of which the tubes are composed shall remain 
unimpaired. 

The modus operandi is as follows : — The patentee employs a series 
of grooved rolls, moved by suitable toothed wheels and a mandril, 
with a conical bulb or head, the stem of which is of increasing 
diameter towards the opposite end. The skelp, after being pro- 
perly prepared, as is usual in the manufacture of lap-welded iron 
tubes, is heated and passed between the first of the series of rolls. 
It is then welded over the conical bulb, and forced, at the same 
time, over the stem of the mandril. This mandril is held by a grip, 
attached by a hinge thereto in a stop, so as to allow of its being 
lowered and passed, after the conical bulb has been removed between 
the second series of rolls, the diameter of the groove of which is 
smaller than that of the first series. The tube, with the mandril 
still inside, is then passed through the third series of rolls, the 
groove of which is smaller than that of the second series. The 
object of these successive rollings, after the skelp has been welded 
on the mandril, is to remove any irregularities upon either of the 
surfaces, and to make the edges of the tube perfectly smooth and 
uniform. The tube is then taken to the drawing bench, in front 
of which is a stop, and against which the pipe rests. The stop is 
furnished with a hole to allow of the passage of the grip of the 
mandril, which is held by a pair of pliers ; and, the bench being 
made to move while the pipe remains stationary, the mandril is 
withdrawn. When it happens that the mandril adheres too tightly 
to the tube, it is proposed to heat it in a muffle or furnace, then to 
cool the end which rests against the stop, and repeat the above 
operation, or to roll it cold between three rollers, as is usually 
done in straightening shafting. 


ATMOSPHERIC RAILWAY. 

William Froude, of Darlington, Devon, civil engineer, for 
u Improvements in the valves used in closing the tubes of atmospheric 
railways " — Granted January 5 ; Enrolled July 5, 1848. 

The material which is employed in this invention for closing 
the slit in the tube, is vulcanized india-rubber ; and the advantage 
proposed to be gained is the dispensing with any unctious sub- 
stance for keeping the valve air-tight. Flat valve-seats are 
formed on each side of the slit, both of which are bounded by 
vertical flanges ; the right-angles formed by the vertical flanges 
and the valve-seats, being rounded off, and the valve-seats slightly 
recessed by shallow circular recesses, which thereby form the 
hinges or centres of motion of the valves. There are two valves 
employed, the lower portion is composed of plates of iron, of about 
eignt inches in length each plate, the shape of the lower surface of 
which agrees in contour with the seat upon which it is plaoed ; 
the one edge of the plates forming, with the shallow circular re- 
cess in the seat, the hinge or centre of motion. The other edge 
of the plates is nearly over the centre of the line of opening, 
thereby nearly meeting the edge of the opposite plate upon the 
other valve-seat. The under side of the plates over the aperture, 
is formed of the same curvature as the inside of the tube. The 
upper surfaces of these plates are flat, except that part over the 


aperture immediately adjoining the edge, where it is lower than 
the part over the seat. Upon these plates are placed a continued 
sheet of vulcanized india-rubber which extends from beyond the 
centre of the line of opening or aperture over the whole surface 
of the plates up the inner side, ana also on the top of the vertical 
flange. The portion of the vulcanized india-rubber sheets which 
are over the line of opening, are increased in thickness and fill the 
whole of the depressed part of the plates, thereby forming at that 
part a thick pad. The upper surface of the vulcanized india- 
rubber is covered with canvas. Above thevulcanized india-rubber 
sheets are placed flat plates of iron, of similar length to those 
beneath and lying over them ; they are securely rivetted together, 
thereby holding firmly between them the vulcanized india-rubber. 
The vulcanized india-rubber is secured to the side and top of the 
vertical flange by means of a series of iron bars, which are bolted 
to the flange, and which are to be about 15 feet long, which secures 
that edge of the valve air-tight, or nearly so. When the valves 
are firmly pressed upon their seats* the edges of the vulcanized 
india-rubber pads in contact are below a line drawn between the 
centres of motion of the two valves, whereby the tendency of the 
elasticity of the pads will be to further press the valves upon the 
seat instead of raising them therefrom. The patentee proposes to 
employ, for . the purpose of opening the valves for the passage of 
the bar connecting the piston apparatus with the carriages, a series 
of not less than five wheels placed in advance of the connecting- 
bar ; the first of these wheels being placed at about nine feet 
before the bar, and the other at intervals of about two feet from 
centre to centre. After the passing of the connecting-arm, the 
valves are lowered and closed over the opening by a wheel attached 
to the upper part of the connecting-bar, or to the carriage, in 
such manner as to run over the valves, and thereby press them 
down upon their seats, where they are securely retained, and effect 
an air-tight, or nearly air-tight, joint. 


MINING APPARATUS. 

Pierre Augustus Puis, of Paris, for “ Improvements in appara- 
tus for raising and lowering heavy bodies in mines " — Granted De- 
cember 22, 1847 ; Enrolled June 22, 1848. 

The principal feature in this invention is the application of 
atmosphericpressure to the raising of weights, and to the draining 
of mines. Tne first plan by which the patentee proposes to raise 
bodies is by having a vertical air-tight tube in which there is a 
solid piston, to the under part of which the weights to be raised 
are to he attached ; and the upper part of the tube being exhausted^ 
the atmospheric pressure below will force up the piston and its 
load. In the drawings attached to the specification, two pistons 
are represented, the one following the other in the ascent. When 
the upper one reaches the top it is relieved of its load by means of 
a slide, which passes in below it, cutting off communication with 
the rest of the tube, and the weight is removed by a door in the 
side of the tube ; the upper piston is then carried by exhaustion in 
a continuation of the tube above the shaft. The next one is then 
brought up and unloaded in a similar manner. The bottom of the 
tube is closed after the weights are introduced, the air being ad- 
mitted by a small tube proceeding from the top of the mine, by 
which the admission of the air to the underside of the pistons is 
regulated. In another method of applying the atmospheric tube, 
instead of raising the weights within the tube, they are elevated 
on the outside, by means of arms projecting through a continuous 
slit. For the purpose of raising water in mines, the apparatus 
consists of a series of air-cylinders, which are placed at regular 
intervals down the shaft. Each of these is in communication with 
an exhaust tube. The lower pump draws the first lift by suction, 
the water then passes through the bucket, and is forced up a step 
higher to a small reservoir placed for the purpose. The next pump 
above repeats the operation, drawing the water from the reservoir, 
to which it has been previously raised by the pump below, and so 
on till the water arrives at the top. The action of the pumps is 
produced by alternately exhausting and admitting the air from, 
and to, the cylinders, on the upper side of the pistons. Another 
part of this invention relates to tne raising weights in mines by a 
series of vertical rods, which are attached to each other, forming 
one continuous rod to the bottom of the pit. Two of these com-, 
bined rods are placed side by side, and suspended at the top by 
two chains, attacked to, and passing round, wheels supported over 
the mouth of the shaft. These wheels have a semi-rotary move - 
ment imparted to them from a steam-engine, by which means a 
continual reciprocating motion of the two rods is kept up. Hooka 
or notches are formed on the vertical rods at regular distances, 
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corresponding with the height the rod is lifted at each movement. 
Each bucket to be raised by these rods is furnished with two spring- 
hooks, which take into the notches on the rods and suspend them 
while ascending; the bucket being suspended from the lowest 
notch, is elevated by the first movement, till the spring-hook slips 
into the second notch on the other rod. The rod by which it has 
been previously lifted, descends, thereby transferring the whole 
weight to the other rod, which immediately raises it another step, 
the changes being performed alternately in this way until the 
bucket reaches the top. 


STEAM-ENGINES. 

Charles William Siemens, of Manchester, for w Improvement* 
in engine* to be worked by steam and other fluid* ” — Granted Decem- 
ber 28, 1847 ; Enrolled June 22, 1848. 

The chief object of this invention is the saving of fuel by a 
means proposed for regenerating the steam and for condensing it 
by successive exposures to water of different temperatures* There 
is no regular boiler employed, but the steam is generated in the 
first instance in a small fiat chamber, placed close to the cylinder ; 
the direct action of the fire being against a cast-iron chamber con- 
taining the bottom of the cylinder, and having considerable space 
between the two, which is filled with lead. The flues are continued 
twice round the cylinder, and then carried under the steam-gene- 
rating chamber. The cylinder is fitted with a jacket, through 
which the steam has access to both sides of the piston, the area of 
the upper side of which being diminished one-half by a trunk 
which works through a stuffing-box in the top, and admits of the 
connecting-rod passing down to thepiston, the difference of the 
area causing the piston to ascend. The steam having been thus 
admitted to the cylinder, is suffered to escape by a series of double- 
beat valves, which are lifted by a series of cams on the main shaft ; 
the steam is thus admitted successively into eight different regene- 
rating-chambers, which are placed immediately under the generator. 
The steam, as admitted to the upper chamber, will be of the greatest 
pressure, and the valve is suffered to remain open a very short 
time, the next in succession opening immediately, the duration of 
which will be somewhat longer, which goes on increasing, the 
pressure of the steam being also gradually reduced ; the ninth 
valve opens to the atmosphere or to the condenser, and remains 
open till the engine is past the centre. These several chambers 
are each fitted with shallow horizontal trays, into which water 
escapes from the generator above, passing from one to the other. 
The heat thus communicated to these chambers regenerates the 
steam, which is again admitted to the same cylinder, or to another 
cylinder, should it be a double-cylinder engine, by the same set of 
valves, which are opened by another set of cams on the opposite 
side of the shaft, in the inverse order to that before explained, the 
lowest pressure being allowed to act first. The heat communicated 
by the fire to the cylinder also assists in the regeneration of the 
steam. The next part of the invention relates to the condensation 
of steam in ordinary condensing-engines. The condenser is sub- 
divided by horizontal partitions, into four or five separate compart- 
ments, the steam being admitted by a cock having a hollow plug, 
which is opened to the cylinders. This plug opening to the separate 
compartments of the condenser in succession, beginning at the 
lowest, the injection water is admitted to the uppermost, where it 
completes the condensation of the steam, and from which the air- 
pump exhausts a portion of the injection ; and the condensed water 
instead of being carried off by the air-pump, is received between 
two pistons working in a barrel between the upper and second 
chamber, by reason of the upper piston being above the top of the 
cylinder or barrel. This water is by the down stroke of the air- 
pump admitted to the chamber immediately below the injection 
chamber, and in which a portion of the steam is. suffered to escape. 
Each of the partitions is fitted with similar apparatus for transmit-^ 
ting the condensed water from one chamber to the other, till it 
reaches the lowest, where the steam is first admitted. A portion 
of the steam on entering that chamber will be condensed by the 
water, and after having passed through all the separate chambers, 
and having the heat derived from several successive charges of 
steam from the cylinder, it will have attained a great heat, and 
may be introduced to the boiler. The quantity of water required 
for injection will thus be materially reduced, and may render it 
applicable to locomotives for condensing the atmosphere of the 
steam which remains in the cylinder after its high-pressure effect 
is spent through the blast-pipe in the chimney. The last part of 
the invention relates to an improvement in the chrouometric 
governor, patented by Mr. Siemens, in December, 1845. The 


improvement consists in the adaptation of an expanding fly-wheel 
to the governor, instead of the pendulum-ball with which it' was 
originally constructed. This fly-wheel is formed in four segments, 
and by centrifugal action they are caused to expand or recede from 
the centre. When any excess of the centrifugal force takes place, 
by reason of the increased velocity, bell -crank levers are actuated 
by the segments, so as to force a conical friction-break against a 
cone fixed to the frame-work. The friction caused by this break 
tends to retard the velocity of the shaft and segments, and the 
power which is exerted to drive the shaft being constant and 
independent of the velocity of the prime mover, limits the velocity 
of the expanding-wheel, causing nearly a uniformity of motion, u 
sufficient power be at all times transmitted to the shaft. 


REPLY TO THE REVIEW OF DR. GREGORY'S 
“ MATHEMATICS FOR PRACTICAL MEN.” 

Sir — I n the criticism upon the new edition of Dr. Gregory's 
“ Mathematics for Practical Men," which appeared in the last 
number of your Journal , the writer has in such positive terms de- 
nounced as incorrect certain portions of that work, involving 
principles not however peculiar to itself, but which have origi- 
nated with, or been demonstrated by, all the principal mathematical 
writers, that I think myself called upon to offer the following 
remarks, to prevent your readers being misled upon the subject. 

Your reviewer commences his criticism by expressing his sur- 
prise at my using the words cycloid and trochoid synonymously ; I 
am not, however, the only person who has done so, for 

Dr. Hutton says : 4 ‘ Trochoid ia the tame curve aa what it more uaoally 
called the cycloid." 1 

Professor Barlow says : 44 Trochoid is the same aa cycloid, that term being 
derived io a similar manner from x*X* 0J » a circle. It is, however, by some 
authors, used to denote exclusively the prolate cycloid." 9 

Your reviewer then proceeds to find fault with my definition of 
an epicycloid, which is as follows : — 

44 If the generating circle, instead of rolling along ) 
a straight line, is made to roll upon the circumference 
of another circle, the curve described by any point in | 
its circumference is called an epicycloid ." p. 1 79. 

Dr. Hutton says : 44 But if, instead of the right line, 
the circle roll along the circumference of another 
circle, either equal to the former or not , then the 
curve described by any point in its circumference is 
what is called the epicycloid ." 3 

Now, Professor Barlow A gives the properties of epicycloids 
when the generating and quiescent circles are not commeneurable , 
which they always would be if equal and Dr. Young , 5 in an 
“ Essay on Cycloids* (the attentive perusal of which I would 
recommend to your reviewer), speaks of epicycloids in which, 
while one circle remains constant, the other becomes either 
infinite or evanescent. If, then, your reviewer is right , it follows 
that Dr. Hutton, Professor Barlow, Dr. Young, and many others 
(whom I have not space to quote), are wrong .• 

He then goes on to say, that I have aggravated the mistake 
“by representing the rolling curve as much larger than the fixed 
curve, whereas it is really much smaller in both my figures (157 
and 158); from which it is very evident that he has mistaken 
the fixea for the rolling circle. 

Your reviewer next finds fault with one of my definitions, as 
being “ clumsy and incomplete, at the least;* and asks, “ What 
will our mathematical readers say of such a definition r Now, 
one of our most justly-esteemed mechanical writers, Professor 
Moseley, has given a definition so precisely synonymous, that I , 
transcribe both his and my own for the purpose of comparison : — 

Professor Moseley's Definition . Definition Criticised . 

44 When more forces than one are 44 When the forces that act upon 
applied to a body, and their respec- a body, destroy or annihilate each 


Your reviewer 
•ays: 44 It is not 
called an epicycloid, 
except when the 
generating circle is 
equal to the fixed 
circle, and rolls on 
the exterior of it.* 


other* t operation, so that the body 
remains quiescent , they are said to 
be in equilibrium, and are then 
called pressures.* 1 p. 187. 


tive tendencies to communicate mo 
tinn to it counteract one another , so 
that the body remains at rest , these 
forces are said to be in equilibrium , 
and are then called pressures." 0 

Your reviewer objects to the sense in which I here use the wosfl 

i Phil, and Maih. Dictionary, vol. 2. p. Ml. 
e New Math, and Phil. Dictionary, - Art. ** Trochoid.** 

* Ptil. and Math. Dictionary, vol. 1, p. 476. 


New Math, aod Phil. Dictionai y,— Art. •* Eplnfibld.* 
A course of Lectures on Nat. Phil., vbL 2, p. US. 
Mechanical Principles of Engineering and Arch., p. 1. 
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for which, however. In addition to that of Professor 
_ I have the aathority of Dr. Whewell/ who saya, 

« S tatical forces are called pr enure* f and Dr. Young,* who says, 
•A orswure is a force towUeraeUd by another force, eo that no motion 
ft prod uced ." If, then, your reviewer is correct, it follows that 
Prolesser Moseley, Dr. Whewell, and Dr. Young are wrong. 

Year reviewer next takes up the subject of eft eww, on which I 

|H. 

es 9 ipm, or bring force, a term used if Leibnitz to denote the force or 
power of a body in motion ; or the force which would be required to bring 
It to a stale of to*.” p. 108 

Professor Barlow says : 44 Fit *ba, or living force, is used if the sums 
author [Leibnitz) to denote the force or power of a body in motion.”* 

Dr. Hutton says : 44 Vis mortva t and Vis viva, are terms used by Leibnitz 
and his followers for force ; understanding by the latter, that force or 
power of acting which resides in a body in motion.” 10 

Notwithstanding, however, the united testimony of Professor 
Barlow Dr. Gregory, and Dr. Hutton, that Leibnitz used the 
term trie trim as here stated, your reviewer is perfectly sceptical 
upon the point, and boldly asserts 44 that Leibnitz never did 
anything half so absurd as is here said of him that he did do so, 
m however a matter of fact, for here are his own words 
‘•'Hinc Vis quoque duplex: alia eleraentaris, quio et mortuam apello, 
quia in ca nondam existit motus, sed tan turn sollicitatis ad motum, qualis 
eat globi in tnbo, aut lapidis in funda, etiara dam adhuc vinculo tenetnr ; 
alia veri vis onfinaria cst, cum motu actuati conjuucta, quam voco viwm. 
Bt vis mortum quidem exemplum cat ipsa vis ccntrifuga, itemquc vis 
gravitfttis, ki centripeta; vis etiam qua elaatrum tensum ae restituere 
incipH. Sed in perc e ssH m c, qu« nascitur a gravt jam aliquamdta eadeste, 
aot ah area ae aUquamdiu restituentt, a at a simili caaaa vis est viva, ex 
iaftnitis via mortem ioapmsionihus centiooatis nata. Bl bee eat quod 
GaliUeus voluit. cum ceoigmatica loqeendi ratioae percustioais vim iafinitam 
dixit, acilicit, si cum simplice graviutis nisu comparetur. Etai autem 
impetus cum vi viva semper sit conjunctus, differre tamen hccc duo, infra 
ostendetur.” 1 1 

Not content, however, with denying that Leibnitz said that, 
which his own works prove that he did say, your reviewer denies 
tbni o» trie# is a force at all, and says that it is a mere technical 
term ; Dr. Whewell, 12 however, soya, “The vis viva of a body in 
motion is a force; and Professor Moseley, 18 “ That the difference 
between the aggregate work of the accelerating forces of the 
system, and that of the retarding forces , is ejjual to one-half the 
ots fritwi accumulated or lost in the system. Therefore, either 
your reviewer is wrong, or else both Dr. Whewell and Professor 
Moseley. 

He next states that, 44 in the seoond problem of the chapter on 
Statics, the calculation respecting the strain on tie-beams and 
struts is totally erroneous to which I answer that the calculation 
tv correct, and that ywar reviewer is wrong ; as he will find if he 
refers either to Tredguld/ 4 Dr. Whewell/ 4 Professor Moseley/* 
or Professor Wallace , 11 (who quotes from Dr. Gregory the very 
problem denounced as incorrect). 

Your reviewer then extracts the following proposition relati ng to 
the centre of gravity : — 

* If the ptrtides or bodies of any system be moving^ 
uniformly mod rectiliueally, with any velocities and di- 
rections whatever, the centre of jp-avity is either at 
rest. Of moves uniformly in a right line ” p. 193 

S me non says : 44 If two or more bodies move uni- 
formly in any given directions, their common centre of y oar reviewer 
gravity will either be at rest, or move uniformly in a I mere | y ga?# . « This 
right line.” 18 f j, nat true.” 

Dr. Whewell says : 44 If there be several bodies, 
which either all attract aod are attracted by a single 
body, or all attract eaeh other, these also will move in 
such a manner that the common centre of gravity 
will either remain at rest, or move uniformly in a 
straight line.” 1 * 

He then asks a question ; 44 Does the author mean to assert, 
that if two bodies be moving with different [uniform] velocities 
in straight lines perpendicular to each other, the common centre 
of ei*»vitv moves in a straight line ?" To w hi ch 1 answer ver y 

9 £.ici»eiiwi<y i reiUAe ou Mechanic*, p. 6. 

9 A oourM of Lecture* on Nat. Phil., roi. 2. p. 87. 

» New Hath, and Phil. Dictionary,— Art. “VU. M 
> o Phil, and Math. Dictionary, vol. 2, p. 568. 
si G. G. Leibninii, Opera Omnia, tom. 3, p. 318. 

AS Mechanic* of giiKiaeerlsg, p. 132. 
isr'Medh. Pita, of Engineering and Arch., p. 133. 

14 Elementary Principles of Carpentry, p. 9. 
ia Elementary Treatise on Mechanics., p. 34. 
i« Mech Prin. of Engineering *nd Arch., p. 424 
is Practical Engineer’s Pocket Guide, p. 17. 
i a Principle* of Mechanics, p. 66. 
a* Oa the Free Motion of Patou, p. 90, 


decidedly, M Yes, I do ; and if yon are at all sdewtfca! upon tki 
point, if yon refer to Emerson s 4 Principles of Mec han ic s, * p. if, 
you will find the truth of my answer demonstrated 

The next objection of your reviewer is to my use of the term, fine 
of rupture ; which, however. I prefer to apply to the actual case of 
rupture of the ground, which takes place when the wall falls, and 
which is then obviously the same as the natural slope : the line de- 
termining the wedge of maximum pressure is only an imaginary 
line, and not that on which the ground would really separate. 

Your reviewer has quite misunderstood Dr. Gregory, when be 
asserts, that the conditions upon which he examines the stability 
of an arch, are 44 that there are only two joints of rupture, equi- 
distant from the crown, the loading symmetrical, and the piers in- 
capable of sliding," no such conditions being assumed, or indeed 
necessary. 

The next paragraph of your reviewer requires no comment from 
me ; the obvious mis-quotation of my words does as much violence 
to common-sense and grammatical construction, as it exhibits the 
desire to pervert the meaning of what 1 actually say. 

He then states that I have given certain experiments (which 
he extracts) 44 as the foundation of dynamics" and 44 in place of 
an enunciation of the three laws of motion," which is not tie fact: 
I have merely employed them to illustrate the necessity of re- 
garding time in estimating the forces of moving bodies: set 
Atwood, 20 Barlow, 21 and Hutton. 22 

Your reviewer next finds fault with my using the expression 
44 Each particle of matter resists motion ; is he aware that Dr. 
Whewell 28 repeatedly uses a similar expression — 44 the inertia of 
the particles to resist the communication of motion and that M. 
Poncelet, in the introduction to his Mecanique JndustrieUe, has re- 
vived the term vis inertia, and has associated with it the defini- 
tive idea 44 of a force of resistance opposed to the acceleration or 
the retardation of a body’s motion." 

Your reviewer next takes objection to the assertion, that (neg- 
lecting the effects of friction) if a body suspended from a fixed 
point by a flexible string, have its path altered by a projecting 
pin, it will rise to the same height as it would have done if not so 
interfered with ; Dr. Young, however, speaking on this subject 
says : 44 We may alter the Form of the path in which it descends, 
by placing pins at different points, so as to interfere with the 
thread that supports the ball, and to form in succession temporary 
centres of motion ; and we shall find in all cases , that the body at* 
cends to a height equal to that from which it descended, with a small de- 
duction on account of friction."** 

After stating that Dr. Gregory’s definition of the centre of gyra- 
tion is 44 confused and inaccurate," although identical (as he will 
find by reference) with that given by Dr. Hutton, 24 by Emersoii,** 
and by Professor Barlow, 27 he proceeds to show by reference to the 
44 fable of the wqlf and the lamb" that one of the propositions re- 
lating to the centre of gyration cannot be correct, and arrives at 
the certain conclusion that the author (as also Emerson, from whom 
the same proposition is taken) did not clearly understand the 
subject on which he wrote : — 


Emerson’s Proposition. 

44 If the matter of any gyrating 
hody were actually to be placed in 
its centre of gyration, it ought 
either to be disposed of in tbe cir- 
cumference of a circle, whose radius 
is S 0, or else into two points, dia- 
metrically opposite, equal and equi- 
distant from S.” 28 


Proposition Criticised. 

44 It the matter in any gyrating 
body were actually to be placed ae 
if in the centre of gyration, it ought 
either to be disposed io the circumfer- 
ence of a circle whose radiua is R, 
or »t two points R, R/ diametrically 
opposite, and each at the distance 
R from tbe eentre.” p. 230. 


Your reviewer next informs us that centrifugal force is not 
always 44 directed towards a fixed centre," in which I perfectly 
agree with him, and am not aware that any person has stated 
the contrary. 

He then points out an error of Dr. Gregory’s, relating to fly- 
wheels, whieh had escaped ray observation, and one of my owmin 
equation (I) page 373, which should read \ LP g =r E(5 -J- A); bat 
which fortunately does not affect any other part of the subject. 
He then states that the total forces of longitudinal compression 
and tension are equal and opposite ; this is, however, only tbe 
ca*6 when the applied forces are perpendicular to the beam, for when 


8ft A Treatise ou the Rectilinear Motion and Rotation of Bodies, p. 36. 
ai New Math, aod Phil. Dictionary,— Art. “Force.” 

88 Phil, aod Math. Dictionary, to!. I, p. 539. 

38 Mechanics of Engineering, p. 133. 

84 A course of Lecture* on Nat. Phil., eel. 1, p. 43. 
sa Phil, and Math. Dictionary, eol. 1, p. 297. 

8« Principle* of Mechanic*, p 81. 

s i New Math, and Phil. Dictionary,— Art. “ Centre of GpUtftoa/* aod Eacycfts- 
psedia Met Art. “Mechanic*,” voL 3, p. 134. 

*8 Principle* of Mechanic!, p. 83. 
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at an j angle, Professor Meoeley boo shown that the 
#yb iTaor of the forces of compression and tension is equal to the 
resultant Of the applied forces multiplied by the sine of the 
angle which it makes with the normal to the neutral line at the 
point of rupture. 89 

In eondusaen, if your reviewer is right, it follows that Dr. 
Hutton, Dr. Young, Professor Barlow Dr. Whewell, Professor 
Moseley, Professor Wallace, Emerson, and TredgokL, one and all 
of them, must be wrong ; but I think that any reasoning man will 
require something more, to convince him that the laboured demon - 
etmtsm of these men, who have hitherto justly been regarded as 
high authorities on the subject, are false, than the mere denial of 
an individual writer. Considering, then, with whom it is that your 
reviewer is at issue, — not with Dr. Gregory and me, but with all 
the first mechanical and mathematical writers who have lived, — 
would it not have been wiser, had he assumed a little less positive 
tone in his attempts to lay down the law ? 

1 remain, kc, 

London, Julg 15, 1848. Hknit Law. 


* * Mr. Lawcanmet accuse us of want of good nature, for we print 
his letter at full length. We had no original prejudice against Dr. 
Gregory’s book. The author has a kind of celebrity from his position 
at Woolwich, and from having written copiously, which, though he 
has not made a single step in the advancement of science, led us 
to imagine him capable of compiling a bode like the present with- 
out gross and systematic blundering. The first two or three mis- 
takes occasioned a little surprise, but were charitably attributed to 
inadvertence. It was only slowly and reluctantly that we yielded 
to the conviction, that the book was radically and essentially erro- 
neona, and that a real mathematician could not by any chance 
have written it. 

Still, we clung to the hope that Mr. Law was guiltless of the 
various delinquencies to which he had given his editorial sanction. 
It was, at least, a good-natured excuse — a pious fraud, to delude 
ourselves and readers with — that he had uttered false coin, not 
well knowing it to be spurious. Alas ! even this pleasing self- 
delusion is destroyed. 

The various subjects of discussion are not questions of autho- 
rity, but of reason. If Newton, Lagrange, and Laplace were to 
arise from the dead, and assure us that they had discovered the 
ordinary multiplication table to be incorrect, not even their united 
testimony would produce conviction in our minds. We may as 
well cet out by avowing, that if those illustrious names were 
quoted in support of Dr. Hutton and Mr. Law, even they would 
mot produce the slights* change in our convictions. We riiould 
feel perfectly certain that their words were misquoted, or strained 
beyond their intended signification, or — (out it must come) that 
they had lost their wits ! 

Our task is a very simple one as regards the definitions ; it is 
to refer Mr. Law to books in which he will find them correctly 
laid down. That Barlow, Hutton, and Young, have fallen into the 
same mistakes as Dr. Gregory, only corroborates an opinion inde- 
pendently arrived at — that they were just the men to do so. The 
distinctions between the cycloid and the trochoid are given 
correctly, and in exact accordance with our criticism, in Hall's 
** Differential Calculus, and in page 137 of the “ Examples on the 
Differential Calculus," by the late D. F. Gregory, fellow of Trinity 
College, Cambridge, one of the most profound analysts in Europe 
— and therefore a very different mathematician to Dr. Gregory of 
Woolwich. 

Professor Peacock, in his collection of Examples on the Cal- 
culus, distinguishes in a similar manner, between the cycloid and 
trochoid. The other curves in question are thus defined by him, 
page 192 

4 * If one circle revolve upon another as its base, and in the same plane 
with it, it is ratted the Epitrochoid , which becomes the Epicycloid when 
the describing point rs in the circumference of the revolving circle. If a 
circle tevolve in a similar manner upon the concave part of the circumfer- 
ence of aao'.faer circle, the curve described by a point in its plane is called 
the Hyi*irochoid, which becomes the UypocyclM when that point is io 
the r-ircu inference.” 

The definition of equilibrium criticised by us, begins “When 
forces that act upon a body destroy or annihilate each other’s 
operation, so that the body remains quiescent” &c. If the 
words u so that ” have the meaning generally adopted by persons 
who apeak and write the English language, it is here asserted that 
if the forces acting on a body destroy each other s operation, the 
body must he at rest. It is wearying to have to repeat the cor- 
se Alecs. Prin. o. ihu^uweilng s »a Area., p. 4J, • 


rection of so obvious s blunder, bat wo have again to tel Ik 
Law, that the cose of uniform motion has been carelessly or so 
looked by his author. On Dr. WhewelTs authority, it is declared 
that statical forces are called pressures; but be does not deny 
what we asserted, that dynamical forces are called pressurm dn ; 
repeated instances of such a use of the exprearion, may be found 
in his works. 

Dr. Gregory's assertion as to the manner in which Leibnits used 
the term vie mas, is said to be confirmed by Barlow and Hutton. 
However, we need not inquire at second-hand what Leibnitz said, 
or did not say, because his very words are quoted at length. Now, 
does Mr. Law really mean to assert that in the Latin quotation 
vie omni is called a force ? If so, all we can reply is, that be dis- 
plays considerable fortitude under trying circumstances. 

The Latin quotation first specifies the cases in which the two 
things called air m m tu a and air mas respectively exist — the former 
where there is no motion, and the latter where there is motion. 
Then it is added, that “ where a body has been some time falling, or 
a bow has been some time unheeding itself, or in any atzntlar case, 
there is air atari, generated from the continued infinite impressions 
of air mortua,” — a perfectly distinct recognition of the truth whidh 
we asserted, that air otns is not force, but something generated by it. 
Of course, the true interpretation of the phrase must be obtained 
from the context — not from an arbitrary translation of the word 
eir, which has a great diversity of meanings. 

Professor Moseley's statement of the onneiple of air max is m 
clear, that it is really marvellous that Mr. Law did not perce ive 
that he Quoted an authority decisive against him. He says air 
viva is a force ; Moseley, that it is equal to a certain amount cf 
work of foreee : “ work being previously explained to he the pro- 
duct of force and distance. It is also important to re mark , that 
me mm is not said to be work, but b be equal to work. Twenty 
chiUings are equivalent to a sovereign, but they are not a s o verei gn, 
but differ from it in weight, size, colour, and almost every other 
particular, except current value. 

Wo will follow the example of printing the contradictory state- 
ments side by side. The case then between the atfthority last 
quoted and our present correspondent, stands thus : — 


Mr. Law. 

Vie viva of a body u is the 
whole mechanical effect which it 
will produce ia being brought to a 
state of rest.” 


Profteeor Moseley . 

“The difference between the ag- 
gregate work of the accelerating 
forces of the system and that of the 
retard mg forces is equal to oxt* 
half the vie viva aooa mutated or lost 
tatlie system.” 

and 
Mr. 


The discrepancy betw een ** the whole" in the one quotation, 
the “one-half* in the other, would be a fatal objection to 
Law* s views if no other existed. 

The following definitions, in which, be it observed, “force* is 
not even mentioned, are conclusive as to the use of the phrase vie 
vim among modern mathematicians : — 

“ The vie viva of a particle is the product of its mass and the square 
of its velocity.”— Karnsliaw’s Dynamics, page 177. 

44 Since the publication of D'Alero ben’s work, the term vie viva has 
been used to signify merely the algebraical product of the mass of a 
moving body and the square of its velocity.” — Walton’s Mechanical 
Problems, page 387. 

“1 he sum of all the bodies of a system each multiplied into the square 
of its velocity is called the vie riva of the system.” —W he well’s Elemen- 
tary Treatise on Mechanics, page 292. 

44 The term vis viva is still used to express the product of (he mass and 
the square of the velocity.” — Pratt’s Mechanical Philosophy, page 202. 

44 On appelle/orce vivt d f un point materiel, ou, plus idraleinent, d’un 
corps dout tous les poin's ont les ineme vitesse, le prod u it de son masse par 
le carr<5 de cette vitesse.” — Poisson Traits d© Mlcattique, tom. ir. y page 29. 

The proposition respecting tie-beams was condemned by us because 
some of the forces acting on the beam and strut are neglected; and we 
showed as corroboratory proof of the incorrectness of the solution, 
that it led to an absurdity. Of all this our correspondent takes 
no notice ; but refers us to Professors Moseley and Whewell. If 
both these references were relevant, which they certainly are not, 
they would not justify a palpable and obvious error ; and we must 
tell Mr. Law plainly, that we should have had far more respect 
for him as an opponent, if he had made the neoeszary {correction, 
instead of endeavouring to transfer the blame to authorities mo 
way involved in it. As for Professor Wallace's adoption of the 
problem, we can only say that in this instance he has mads on -un- 
fortunate selection. 

By inserting the word “ uniform,” in quoting our remarks upon 
page 193 of the “Mathematics for Practical Men,” Mr. Law 
makes us talk nonsense. However, we freely admit that we here 

88 * 
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inadvertently mistook the purport of one of Dr. Gregory’s sen- 
tences, and though what we said was true, omitting the word 
which Mr. Law forces upon us. Dr. Gregoi y's sentence with that 
word is perfectly correct also. Mr. Law unnecessarily injures his 
case by a quotation from Dr. Whewell, which has not the remotest 
connection with the subject. Dr. Whewell speaks of accelerated 
velocities in the several bodies : Emerson and Gregory, of uniform 
velocities only. The law stated by the two latter depends for its 
proof on wholly different principles to that enunciated by the 
former. The connection between them which Mr. Law attempts 
to establish, is of that kind which exists between the 1st of 
March and the foot of London-bridge. We have not the slightest 
objection to let the whole dispute between u9 and our correspon- 
dent rest on the reply of any real mathematician to this question : — 
Does not this attempt to confound two principles essentially 
different display either the most profound ignorance or the most 
hopeless confusion of thought respecting the science of exact 
mechanics ? If Mr. Law can get one competent umpire to answer 
that question in his favour, we will give up the whole controversy. 

The idea respecting the natural slope has the merit of originality. 
Mr. Law 41 prefers " giving it a meaning which it has not hitherto 
received. He says, the natural slope is the slope along which rup- 
ture would take place if the revetement wall were removed. Now, 
the definition of natural slope, as ordinarily used, is that it is the 
fiery slope dong which rupture cannot take place — its friction being 
just capable of sustaining the superincumbent mass without the 
assistance of the wall. 

We are next said to have misunderstood Dr. Gregory respecting 
the conditions on which he discusses one of the cases of the equi- 
librium of arches. This is mere assertion. We repeat the coun- 
ter-assertion, that in the case referred to, conditions are assumed 
which, quite independently of all statical considerations, render it 
impossible that the arch from its mere form could be overturned. 
Mr. Law says that u no such conditions are assumed, or indeed 
necessary." Not necessary, indeed ! Why, they make Gregory's 
lucubrations nonsense. Does Mr. Law mean to infer, that sometimes 
it is necessary that Gregory should talk nonsense ? 

Then follows an accusation against us, of having maliciously 
misquoted and perverted the words of the book under review. 
The best answer to personality is silence. 

With regard to the 44 careful and often-repeated experiments" 
which Mr. Law asserts to have been repeatedly made, we have 
already explained, as clearly as we could, the confusion here made 
between mechanical experiment and pure geometrical measure- 
ment of distances. The words, “uniformly retarding force," 
involve the very conclusion which is declared to be the result of 
numerous trials ; just in the same way that the first proposition in 
Euclid is a pure deduction from his definitions. Experiment would 
be as preposterous in the one case as the other. 

The following quotations, the former from Moseley's Principles 
of Engineering, the latter translated literally from Poisson's 
Traitd de Mecanique, are offered in a faint hope of clearing Mr. 
Law's ideas respecting the resistance of inertia : — 

“ So many difficulties, however, oppose themselves to the introduction 
of the term ci* inert its, associated with the definitive idea of an opposing 
force, into the discussion of questions of mechanics, that it has appeared 
to the author of this work desirable to avoid it.” — Principles of Engineering, 
page viii. 

“It is important to rectify an inexact expression, which is often em- 
ployed and tends to a confusion of ideas. Imagine that a body is placed 
on a horizontal plane, and that it is not retained by aoy friction. If I wish 
to make it slide on this plane, it is nevertheless necessary, on account of 
the inertia of the matter, that 1 exert some effort ; if to this body he added 
a second, then a third, &c., it is necessary that 1 employ, to produce the 
same degree of motion, a force more and more considerable. I ^hall in 
each case experience a sensation of the effort which 1 shall he obliged to 
exert; but I must not thence conclude that the matter opposes any resist* 
ance to this effort, nnd that there exists in the bodies what is very impro 
perly termed rtsistance of inertia . When any one expresses himself in this 
manner, he confounds the sensation which be has experienced, and which 
results from the effort which he has made, with the sensation of a resist- 
ance which does not exist.”— Traite de M&anique, No. 120. 

Respecting the problem of the weight oscillating at the ex- 
tremity of a flexible string, Mr. Law himself shall be umpire, if he 
will promise to make the following experiment : — Let the oscillating 
weight descend a vertical distance of one foot, and let the peg 
interfere with the string at a distance of one inch from the weight. 
If, then, he find the string so accommodating as to stretch itself 
out the odd eleven inches, necessary to permit the weight to rise 
to the former height, we will acknowledge ourselves beaten. 

The propositions printed side by side after the next paragraph, 
amount to this : If a body be in one plaoe, qiioth Emerson, it ought 
to be somewhere else. To which Dr. Gregory responds, Amen. 


From the manner in which Mr. Law meets our criticism upon 
his author’s erroneous definition of centrifugal forces, we infer 
that he finds there is no tenable defence. He also candidly acknow- 
ledges two other mistakes, and therefore we have nothing further 
to say of them. Our remark on the equality of the total forces of 
compression and tension in a beam, were manifestly restricted to 
the particular case under examination — that where there are not 
appreciable horizontal forces acting externally on the beam. 

It is important to observe, that throughout Mr. Law's letter, he 
never discusses any question on its own merits. He contents hint~ 
self with appealing to authorities. This course is at least dexterous, 
for with the unlearned an array of imposing names is but too apt 
to carry conviction. The authorities quoted are, however, easily 
disposed of : several of them are of little weight when oppose^ 
as we have shown them in several instances to be, to the most pro- 
found continental writers. The rest of the citations are either 
irrelevant, or make directly against Mr. Law's tenets. Had he 
suffered the controversy to rest on its own abstract merits, our 
task would have been more easy to ourselves, and more satisfac- 
tory to the cause of truth. It would be an insult to his under- 
standing, to suppose that he did not perceive that many of the 
errors which he defends by quotations were, in reality, indefensible 
in any other way. Casuistry and perverse ingenuity, however well 
suited for mere disputation, are never the weapons of a man of 
science. 

Mr. Law seems very fond of appealing to Woolwich Pro- 
fessors. Why did he not quote Mr. Davies or Mr. Rutherford — 

f entlemen who have acquired for themselves reputations not con- 
ned to the regions of Woolwich ? It is very unfortunate, that 
the only two works written by Woolwich mathematicians which 
we have lately had to review, have been anything but very credit- 
able to the scientific character of that institution ; and this is the 
more to be regretted, since, as we have already hinted, inaccuracy 
in conceiving physical ideas, and clumsiness in developing them 
analytically, are not common to all the Professors — at least to all 
the Teachers — of the Royal Academy. 


SANITARY LAWS AT HOME AND ABROAD. 

The most destructive scourges of the human race are the epi- 
demics and contagious diseases produced by a polluted atmosphere, 
and the congregation of men in crowded cities. Famine and the 
sword slay tneir thousands — the pestilence that walketh at noon- 
day and in darkness its tens of thousands. The ravages of war 
and want are, partially at least, within human control ; but when 
the destroying angel comes, borne on the breath of 44 quick pes- 
tilence/' human skill and energy are all but powerless against 
him This sudden destruction, moreover, is not all that is caused 
by the infected air and artificial habits of populous places. The 
maladies indirectly induced, the remote consequences of a morbid 
habit of body which renders it a kindly soil for the future seeds 
of death, the degeneracy of sickly offspring who reap in a later 
generation the hitter fruit sown by their parents — these are among 
the penalties which the denizens of large towns too often pay for 
inhaling the hot vapours of the foundry or furnace, or breathing 
the stagnant air of crowded courts and lanes, where overhanging 
house tops shut out the pure breath of heaven. 

Prevention is almost the sole defence against these evils ; for 
when once developed, they are either too sudden or too deeply 
rooted to admit of effectual remedy. A curious chapter in the 
history of the internal economy of states is that which the various 
sanitary provisions adopted under different forms of government. 
Nations working for the same end, the public health, seek it by en- 
tirely different means. On the Continent, where the rights and 
liberties of individuals seldom constitute a serious obstacle to State 
purposes, the most stringent sanitary regulations have long existed 
and the surveillance of police, which is almost unknown in Eng- 
land, constitutes the principal means of effecting them. Her& 
the public jealousy of state interference, and a sensative regard 
for the rights of property, have long prevented the institution of 
a general organised sanitary system. The Public Health Act, 
which will soon be the law of the land, makes the first provision 
for such asystem in England ; and it becomes, therefore, interesting 
to compare it with the machinery adopted for the same purpose by 
our continental neighbours. 

The Public Health Act comprises two parts, the construction off 
a new Central Board of Health to put it in motion, and of Local 
Boards^ for the purpose of carrying its details into effect. As the 
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functions of these former and latter are entirely distinct, they may 
be stated separately. 

The Cbntra l Board of Health consists of three commissioners, 
and the President is the first Commissioner of the Woods ana 
Forests for the time being. These commissioners, upon the peti- 
tion of one-tenth of the rated inhabitants of any town, may direct 
an examination as to its sewerage, drainage, supply of water, &c. ; 
and after hearing the representations of parties locally interested, 
may report to her Majesty. An order in Privy Council may then 
be made, directing the application of the Act in cases where 
existing local Acts are not infringed upon, and the local boundaries 
are intended to remain unaltered. This order simply directs that 
the Act, or any part thereof, is to be put in operation. 

Where, however, it appears necessary to alter the constituted 
local boundaries for the purposes of the Act, or to apply it in cases 
where local improvement acts already exist, the order in council is 
not made ; but the General Board of Health have power to make 
such a provisional order for the application and execution of the 
Act as they may deem fit. This provisional order cannot be carried 
into effect until it have been sanctioned by Parliament. The orders 
issuing either from the Privy Council, or from the General Board 
of Health may, from time to time, be amended or extended, after 
due notice to persons locally interested. 

The only other functions of the General Board are to determine 
appeals from certain decisions of local general boards, and to regu- 
late intra-mural interments, by certifying upon the representation 
of the local boards, that certain places of interment are dangerous 
to health, and appointing a time after which it ceases to be lawful 
to bury in such places. 

The Local Boards have much more diversified duties. When 


the whole of a district formed under this act is within a corporate 
borough, the corporation constitutes the local board. In other 
cases, it is selected by rate-payers. The offices assigned to it are 
principally these— to appoint inspectors of nuisances and officers of 
health— to prepare maps exhibiting a system of sewerage — to as- 
sume the control of public sewers, and purchase private sewers — 
to alter, extend, and cleanse the same — to cleanse and water public 
streets — to provide public necessaries — to register or provide and 
regulate slaughter-houses — to prevent (subject to an appeal to 
the general board) the establishment ot noxious manufactures, 
and the erection of churches, hospitals, factories, or any other 
large building, without proper means of ventilation — to register, 
and if necessary, cleanse, or disinfect common lodging-houses — 
to restrict the use of under-ground cellars as dwelling-rooms — to 


level and pave streets — to move water or gas pipes, provided that 
their use and efficiency be unaffected — to prevent (subject to ap- 
peal to the General Board) the laving out new streets of ob- 
jectionable width and level — to purchase premises for the purpose 
of widening streets — to provide public walks and pleasure-grounds 
— to construct water-works — to compel occupiers of houses to 
receive a proper supply of water — to supply cisterns and conduits 
for gratuitous use — and to levy rates for the purposes of this act. 
In cases of damage by the acts of the Local Board, compensation 
is to be made ; and if its amount be disputed, it is to be settled by 
arbitration. The bye laws of the local boards are to be sulf- 
mitted to the Secretary of State for the Home Department for his 
approval. 

it will be seen that in the actual administration of the act, little 


or nothing is assigned to the Central Board. The power is almost 
entirely in the hands of the Local Board, which is not amenable 
to the General Board for acts of omission or commission, except 
in one or two instances above referred to, in which appeal may be 


made. And as the Local Boards are popularly selected, the power 
of putting the act in force ultimately belongs to the great body 
of inhabitants of the districts affected. There seems, therefore, 
little reason to fear that people will be compelled to be clean, and 
drink wholesome water, ana breathe fresh air, against their own 
free-will and consent. 


On the Continent, however, the popular voice is not heard on 
these questions ; and the power of enforcing measures for public 
health, is vested almost exclusively in central or government 
boards. It must be acknowledged that, notwithstanding the 
greater stringency of sanitary regulations with France and Ger- 
many, the practical effects of them have been even more imperfect 
than in England. In Paris and Vienna, the sewerage, drainage, 
paving, lighting and cleansing of streets, are far less complete than 
in London. On the other hand, our neighbours have local advan- 
tages wanting here. The boulevards, and other public walks of 
Paris, are far more extensive in relation to the number of the 
population, than the parks of London ; and are also more easily 
accessible on account of the leas sise of the former city. There 


are no cattle markets within Paris, and the slaughter-houses are 
removed to the suburbs. Vitriol manufactories, and similar 
abominations, are not suffered to pour their pestilential vapours 
into the very heart of the city, nor consume human life and vege- 
tation as they do in the close vicinity of this metropolis. Intra- 
mural burials have long been prohibited in Paris, and are of very 
rare occurrence. 

The sanitary state of the capitals of Franee, Austria, and Eng- 
land, is partially indicated by the rate of annual mortality. It 
appears trom the returns of the Registrar-General, published in 
1845, that the average annual mortality for every hundred inha- 
bitants of 

Vienna, is about 4*898 per cent. 

Paris (department of the Seine) ... 3*038 

London 9*392 

But, of course, the rate of mortality is influenced by many other 
considerations besides sanitary regulations; the vicissitudes of 
climate and the habits of the people having important , effects on 
the duration of life. 

It is comparatively recently, that Paris assumed the appearance 
of a well-lighted and well-paved city. The idea of paving it is 
said by Foederd, a copious writer on the hygiene of France, to have 
originated with Philip Augustus, who, looking out of his palace 
windows one rainy morning, and surveying the marshes in which 
his capital was built, conceived the brilliant idea that it would be„ 
a convenience to himself and subjects to walk upon dry ground. 
So early as 1486 an ordonnance of the Prevot of Paris prohibits the 
erection of noxious and offensive manufactories within the town ; 
and the records of French municipal law refer to many subsequent 
regulations of a similar kind. No very effectual or important 
measures seem, however, to have been taken till after the great 
revolution ; and to Napoleon, the most uncompromising of re- 
formers, is due the credit of founding the present system of law 
regarding public health. His attention having been directed to 
the insufficiency of the existing laws on the subject, the Academy 
of Sciences was consulted, and the class of physical and mathema- 
tical science reported to the Government, on the effects of various 
manufactures on the health of the people. On this report was 
founded an imperial decree of 1810, subsequently confirmed by a 
royal ordonnance of 1815, which, with some modifications suggested 
by subsequent experience, constitutes the modern sanitary code of 
Paris. For an account of it we have consulted, amongst other 
works, that of Faedere, last cited ; Trebuchef s Code Administrate 
des Establissemens dangereuses et insalubres (8vo., Paris, 1832); 
Parent Duchatelets Prostitution dans le Ville de Paris (8vo., Paris, 
1836) ; and the Hggiine Publique , of the same author. 

The principal feature of the decree of 1810 was the division of 
noxious and offensive trades and manufactures into three classes, 
the first consisting of those so prejudicial to life and vegetation as 
to be required to be moved to a distance from human habitations; 
the second and third of those noxious in the less degrees. The 
distinctions between these three classes are carefully defined, and 
the exactness of the definition is practically of great importance, 
as the mode of applying for licenses for their establishment are 
different for each. The formalities necessary previous to the erec- 
tion of a manufacture of the first or most dangerous class are very 
numerous and stiingent. After notice publicly advertised of the 
intended application for license, the Mayor of the commune (or in 
Paris the Commissary of Police), reports on the nature of the 
localities infected, the distance of habitations, and the character 
of the processes to be employed. This investigation is technically 
termed the inquiry de, commodo et incommodo . His report is referred 
to the Conseil de Salubrit : , a body which takes cognizance of the 
establishment of all manufactures, which are “classified," or 
included in either of the classes above-mentioned. The Conseil de 
Salubrite delegates a sub-commission of its own members, to 
examine the locality of the proposed manufacture, in company 
with the Mayor, and to report upon the nature and importance of 
the manufacture, its salubrity, or inconvenience, the rate of flow 
of water required in its processes, the sufficiency of the apparatus, 
the merits of the principles on which it is constructed ana applied, 
and lastly, on the admissibility of the application, and the con- 
ditions on which license should be granted. This report of the 
sub-commission is presented to, and discussed by, the general 
board. Among the other functions of the Conseil de Salubriti 
included the inspection of barracks, prisons, markets, and other 
public buildings. Besides the Conseil de Salubrit? at Paris there 
are similar bodies at Marseilles, Lille, Bordeaux, and other large 
towns. 

* The Architect-Commissary is another public officer who discharges 
most important and valuable duties. A detailed plan of the pro- 
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yt— I mmufartery ia mtbmitted to him before the commsBomneaft 
5f the building, and #n its completion, he inspects the details of 
the workshop®, furnace*, chimneys and other salts, and deter- 
MUMP whether the laws and prescribed conditions hare been strictly 
(Starved en their construction. He mu at also also assure himself, 
as far as possible, of the stability and security of the bualdiag*, 
both internally and externally, and ascertain whether the arrange- 
ments and situation agree with those indicated upoa the plaa pre- 
viously deposited with him. M. Trebuohet, who speaks from 
iraetieal experience as ohief of the office in the Prefecture ef 
Police which takes cognisance of establishments affecting public 
health, remarks, that this verification by the plan would he greatly 
facilitated if aH plans were required to he laid down to the same 
scale ; for instance, five miUkaetres to the metre. The Architect- 
Commissary has another very important duty. Whenever it be- 
comes necessary to classify an altogether new manufactory, he is 
consulted as to the class in which it is to he placed. Upen all 
complaints against existing manufactories, his opinion m also 
required. 

The actual execution of the laws respecting manufactories is 
assigned to the Mayor of the commune. His vigilance must be 
exorcised to see that they are never infringed or evaded ; and it is 
bis especial office to maintain a surveillance, so that no manufac- 
tory he established without the requisite license. 

To the Prefecture of Police the supreme municipal power be- 
longs. The Prefecture institutes periodical inspections of author- 
ised ma n ufactures, and on its authority the execution of all official 
acts depends. 

Steam-engines are put under a peculiar system of regulation as 
the ordinary laws respecting classified manufactures are not en- 
tirely applicable to them. As s general rule, stationary engines 
arts ranked in the third class of manufactories. The rules for high- 
pressure steam-engines have been so greatly altered from time to 
time, that it is scarcely worth while to refer to more than one or two 
of the most important. AH high-pressure engines are, or used to 
be, tested hydrostatically to triple their intended working pressure 
which is then marked upon them by a government stamp. Every 
new steam-boat is inspected by a commission of engineers ap- 
pointed by the prefecture of police, and is required to have on 
board a person duly qualified to superintend the machinery, and 
see that it is in proper working order. Captains of bteam-veasols 
are compelled to register the limit of their numbers of passengers, 
and are made personally liable for accidents arising from over- 
crowding or excessive speed. 

The sewerage of Paris has been made the subject of that scien- 
tific and systematic inquiry which characterises the public ad- 
ministration in France of all matters relating to the acts. It ap- 
pears from the Hygiene Publique of Parent Duchntelet, published 
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8 esse of these sewers are of great sise, and have been excavated 
at great expense. That of the Rue Rivoli was excavated at an 
espensa of £32,000, and with a solidity and excellence of work- 
manship which appears extravagant. Another of the largest 
sewers, that under the Rues St. Denis and Du Poncean, contains 
the pipes of pure water which supply the fountain of the Place 
das tnnocens. Napoleon took great interest in this work, on ac- 
count of the novelty of the application of the sewer to the pur- 
pose of conveying water, and examined it in all its details. 

' Paris stands on a gravelly alluvial soil ; and the level above the 
bed of the Seine, is so small as to render inundations of frequent 
occurrence. This circumstance increases the difficulties of 
emptying the sewers of which the river is the general receptacle. 
The impetuosity of the current during winter has, however, the 
effect of preventing a permanent accumulation of impurities in its 
channel. 

In supplying Paris with water, the conduits from the great aque- 
duct pass through the sewers. The practicability of rendering 
the sewerage serviceable for the purposes of agriculture, is recom- 
mended in a memoir presented to the prefect of police in 1836, by 
a sub-commission 01 the Conseil de Salubrity It appears from 
the same authority, that the quantity of foecal matter deposited 
in the Seine, is so small as to have no appreciable influence on the 
purity of its waters ; and in a report of the Academy of Science t, 
it is stated that the volume of water supplied by the flowing of the 
Rrine, in a given time, is 0,60 0 times that of the utmost amount 


if impere vubetamees which can he departed in It 

e per tod. 

n Anstra * the sanitary inattentions «f the whole empire are 
placed under ene general* system, which appeam te be carried nnt 
U an effectnal manner. The laws relating te public health belong 
to the best part of the imperial code; and there are lew countries 
in the world of which the medical tn et it n t ae ns are c on du cted mt 
each a magnificent scale. The admininfmlaonwf them is e ntrea ted 
by the Austrian Government te a duly qualified corps of office r ^ 
at the head of whom, in every province, is a chief officer, called 
the Proto-Medum* ; and in every circuit there are soh -officers, 
who constitute boards ef health fir their own districts. The 
functions of the JVofo-Jfsdfeu* are to ins pe c t medical institutions, 
hospitals, lunatic asylums, mod prisons, to regelate the medical 
police, and report on epidemics. The poor-law system of Austria 
p ro vide s for tke gratuitous supply of medicine to the peer, and 
the attendance upon them by the district medical officers. 

The Austrian police i n spec t aU hod ex p os ed for sale, and have 
the power of examining bouses and lodgings to ascertain that they 
are tn good and healthy condition. All burial grounds are req ui r e d 
to be at a distance from towns, and the instances in which burial 
in famfly vaults is permitted are exceedingly rare. 

The vicinity of Turkey renders the quarantine laws of Austria 
very strict. A military cordon of 4,800 men is always maintained 
on the Turkish frontier, and the number can be increased to tea 
thousand on occasions of danger. Owing to the vigilance thus 
exercised, it is asserted that the plague has not c r os se d the frontier 
for upwards of a century. 

On the whole review of the Continental and EaglUii sanitary 

r eins, the essential distinctions between them appear to be that 
former are administered bp central, the latter by real, govern- 
aent ; the former makes public health a matter of state policy, the 
latter of popular discretion. Our own system has the advantage 
sf pleasing the governing power in the hands of those whose per- 
sonal observation renders them the best judges of local wants, and 
generally the most Jealous protectors ef loeal interests. The ques- 
tion whether they will prove also the most strenuous promoters of 
sanitary improvements, must be deter m ined bv experience aiomL 
In numerous cases, the hrteiligence of the beopfe will dictate, that 
public health be regarded as the paramount object. Other local 
bodies, from motives of false economy, may refuse to tax them- 
selves for providing the means of health, or from apathy, may 
decline to exercise vigorously the powers of the most confided to 
them. Yet, these cases will be exceptioned ; for the most preju- 
diced and the most indifferent must learn, sooner or later, that 
sordid neglect is never cheap. Health is wealth ; for health gives 
energy and hope ; and these beget industry and frugality, whtcfr 
are the sources of all wealth. But squalor and disorder are life- 
consuming, and the very canker-worms of social existence : they 
beget sloth and indifference— and these are spendthrift : they 
beget crime and disease— and these destroy. 


WATERLOO EXTENSION OF THE LONDON AND 
SOUTH-WESTERN RAILWAY. 

The extension of the London and South-Western Railway from Nine-Stem 
to Waterloo-bridge-road, was opened on the 11th nltimo. It appears to m 
that it would have been far better if the Waterloo Station bad been made oa 
the vacant ground adjoining, north of the present Waterloo terminus, and the 
principal entrance in York- road. The entrance to the railway would then 
have been as near to Westminster and Ilungerford- bridges as it is now te 
Waterloo-bridge, without increasing the distance to tbe latter place, or the 
length of the railway. This alteration might now be easily made ; it would 
save nearly half-a-mile, and eight minutes* walk, to foot passengers from 
Westminster and Charing-crots ; the present approaches might be retained 
for a goods depdt— and if a steam-boat pier were made adjoining to tne 
Surrey approach of Hungerford-bridge, and arrangements made with the 
steam boats to come direct from London-bridge to the pier, the extension of 
the railway to London-bridge might be abandoned, and thereby nearly a 
million sterling saved. This would, wcaie sure, enhance the value of the 
shares, and give confidence to those capitalists in the city who are now alarmed 
at the apparent reckless manner in which funds are being expended by rail- 
ways on branches and extensions. 

14 The works of this undertaking were commenced in July 1846, by 
Messrs. Lee, the contractors, who engaged to complete tbe works 
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By the lit July, 1948* Mr. Thompson acted as tbs sope i i ntend tn 
to the contractors, nod Mr. Corlien on behalf of Mr. Locke, the en 
gfneer. The length of the new line is nearly 2} miles. The first quarter 
of o mile is carried over an embankment ; then succeeds a viaduct, con- 
■sting of six massive iron girder bridges, and 300 arches (exclusive of 
those forming the present station in the Waterloo-road). These arches, 
which are expected to form a very considerable item io the receipts of the 
company, have been so carefally constructed, as to he easily applicable 
to various purposes, and their perpetual dryness has been insured by the 
qiplication of the Seyssel asphalte, which has rendered them impervious to 
Wet. There are four distinct lines of rail, and the quantity of iron alone 
consumed in laying down wbat is technically called the 1 metals,' is at least 
1200 tons, independently of about 800 tons weight consumed in the erection 
of the bridges. In the construction of the viaduct and station of the Water- 
loo-road, upwards of 80,000,000 of bricks have been consumed ; and the 
preseut terminus, which is ail on arches, covers a space of three-quarters of 
an acre of ground, its width being 260 feet. The major part of the present 
terminus has been coated with Claiidge'a asphalte, so that the arches on 
which it rests may with safety be made use of as storehouses, Ac. To the 
present terminus in the Waterloo-road there are no less than four approaches 
for carriages and foot-passengers, the pedestrians having in each approach 
footpaths 8 feet in width. The stations at both Waterloo-road and 
Vhnxhall are only temporary. The fares on the main line are increased 
aa follows First class, 6d. ; second class, 4d. ; third class, 2d. The Nine 
Mux- station i a now closed entirely to passenger traffic." 


STEAM-ENGINE GOVERNORS. 

We give the following extract of the Daily News , from the police reports 
of the Mansion-House of the 22nd ultimo, as some allusion is made to 
our Journal, and to state that we were much surprised, after the ex- 
posure of the letters therein given, that Mr. Cousens should have had the 
audaciousness to send us the paper for publication. Immediately after its 
receipt we returned it to the author, and ordered to be cancelled an intro- 
ductory paper on Steam-Engine Governors, which Mr. Cousens sent us 
previously to the appearance of the police report. We trust that Mr. 
Woods' praiseworthy resolution may deter others from attempting a similar 
proceeding. It is fortunate for Mr. Cousens that he bad such a lenient 
magistrate to hear the case. 

Mansion- House, July 22, 1848.- Alleged Attempted Extortion of Money.-Mr. R. B. 
Contens, of No. 4, Bert ford-place. Old Kent-road, appeared to answer a charge of having 
offered to prevent the printing and publishing of certain matters touching the complainant 
witli Intent to extort money. The charge was brought upon the 6 and 7 Vic., cap. 96 
•ec. 3, and It was stated, for the prosecution, that the defendant Mad by m— »y of tUe 
following letter endeavoured to accomplish his purpose : — 

“4, Bedford- place, Old Kent, road, July 8, 1848.— Sir,— I have written for publication 
* small treatise on the cause of the inefficiency of steam-engine governors j and In iaveatl- 
gating the principles of the chrocoroetric governor, of which you are the patentee, 1 find 
myself compelled to speak of it in a way which may, perhaps, lessen its value as a com- 
mercial speculation. Now, as I write only for pecuniary profit, I am willing to withhold 
the paper Jrom the public eye, if, nfter perusing the eccompauylng copy of that part of 
It arnlch concerns the rhronoroeirlc governor, you feel disposed to purchase it at a fair 
remuneration. It la quite immaterlsl to me whether it be read by many or by one, 
whether It be preserved In the pages of a scientific periodical or destroyed, ir I profit by 
It. It Is unnecessary to say more In explanation of my object In transmitting to yon the 
MS. copy. I shall merely add In conclusion, that after Wednesday, the I2th Instant, I 
shall feel at liberty to forward the original to the publisher, unless I am previously 
favoured with some communication inducing me to withhold 1L— Robert B, Cousens — 
To Joseph Woods, Eaq.” 

Upon the receipt of that communication Mr. Woods sent to the writer a note, to which 
the following answer was returned by that gentlemen 
*' Bedford place, July 10.— Messrs. J. Woods and Co.— Gentleman,— In obedience to your 
request I have to acquaint you that my paper on • governors, * if published in one or the 
periodicals, will most likely appear in the * Civil Engineer and Architect** Journal :» but 
that I am yet undecided ae to whether it shall appear In a periodical or form port of a 
separate pamphlet on that and another part ot the eteam.engtne. In alt probability I 
should pursue the latter coarse, as being the more remunerative.— Robert B. Cousens.” 

A/Ur he had received the second letter Mr. Woods resolved not to submit to be vic- 
ao<1 » havlog it in bis power to produce wituesses In support of the charge, was 
dvised to represent the case at the Mansion-House.— It was now urged for the defence 
that the cate was one In which the magistrate had no jurisdiction, aa the act of parlia- 
ment directed that, in case of a libel, the person accused should be proceeded against by 
Indictment. The offer made could not, it was said, be construed into an offer to refrain 
from publishing a libel upon the patentee.-Alderman Gibbs said It was undeniable that 
the letter was written for the purpose of raising money. -Sir. Humphreys contended 
against Mr. Hobler's view of the case that the magistrate bad the power to compel tba 
defendant to appe r to answer an indictment as upon a charge of felony or misdemeanor 
of an ordinary description made before biin. The cbame against the defendant was 
dearly misdemeanor, aa declared by the statute, and Indictable at the sessions, and he 
submitted that the magistrate had full jurisdiction aa to bolding the defendant to bail.— 
mr. Ho bier said if Mr. Wooda considered that an offence had been committed he bed his 
remedy. He could go to the grand jury with his indictment, and If they found a true 
bill, be could bring the matter to trial; and U the defendant was found guilty, punish* 
j ** *"8 ,cl *d » would be a very difficult matter to show his client's 

liability under such circumstances. — Mr. Humphreys: Th# charge against him la that be 
na» attempted to exto rt money by means of threats.— Mr. Hobler said that If Mr. Cousens 
tbo ? ? 1J thr * aU w « re by no means conveyed in language of which cognisance 
Alderman Gibbs said he could not see that trte letter was a libel upon 
at. Woods, or tbst It cootslnvd matter of which he could take any notice, whatever 
^tendency nod intention it might have had to extort money. He should therefore dismiss 




NOTES OF THE MONTH.} 

The Athenian* and the Engineers.— The Athenaum of the 15th nit 
contains some remarks io reply to oar's of last month, with regard to 
Mr. Chadwick, the Military Engineers, and the Metropolitan Survey 
The Alhemeum has replied to our remarks, as if we advocated the employ- 
ment of the Surveyor's Association ; whereas, we did not advocate the 
employment of that association, or of any particular individual or indi- 
viduals. We objected to the employment of the military engineers and 
named several civil engineers, who were quite competent “ to cooduet 
a trigonometrical survey, which involves the nicest points of astronomy 
aod requires all the resources of mathematical analysis/' We again refer 
to the minutes of proceedings of the Institution of Civil Engineers in the 
columns of our contemporary, as giving evidence of the attainments’ of the 
members in all respects, as exemplified in the discussions oo atmospheric 
resistances, the atmospheric railway system, and the many mathematical 
debates which have occupied the Institution of late years. We now refer 
our contemporary to the account of the Ordnance survey of Liverpool 
given in a report lately issued by the borough engineer, and which we shall 
publish oext month. 

South Hackney Church.— This has been three years under construction 
by Mr Hakewill, and was consecrated on the 20ib of July. It jg in the 
Early English style, and io the shape of a cross, and is executed with 
great care and solidity. The cost was £15,700, besides land. The length 
inside is 172 feet; outside, 192 feet ; width across the nave and aides 61 
feet, and transepts, 92 feet ; height inside to roof, 60 feet, outside to top of 
spire, 187 feet. There are eight bells, and several painted windows, aod a 
large sum was laid out in decoration. This is a building which poa- 
sesses considerable merit ; for too much has not been attempted, and a 
good effect has been produced. The proportions are well kept, and an air 
of grandeur and chasteness preserved. 

Independent Chapels —We are glad to see that such an advance is being 
made by the Independents in ecclesiastical architecture. Mr. Edward 
Wallers, an architect of ability at Manchester, has been employed in 
erecting a chapel in Caveodisb-street, in that city. It is in the mediaeval 
style, with a tower and spire rising to the total height of 171 feet from 
the ground, and cost £21,000 ; so that it will be seen that it is an impor- 
tant building, as it is one likewise highly ornamental and artistic. Another 
chapel, erected by Mr. Walters, at Darwen, cost £5,000. A peculiarity 
in this building is a kind of screen raised above the roof; which, though 
of beautiful design, having no idea of usefulness attached to it, conveys to 
the mind an impression of superfluity. 

Safety Mining Lanthorn.— Mr. Crane, of Birmingham, has forwarded 
to the Mining Journal the following description of a mining lanthorn that 
he haa invented. The annexed drawing is a representation of the safety- 
Tanlborn : — It is adapted to burn composition can- 
dles that require no snuffing. The same prince 
pies can, however, be applied to oil lamps, if any 
party prefer oil to candles. The front is made of 
strong glass ; the back of polished tin— the two 
sides of wire gauze, soldered to the framing, hav- 
iog 900 apertures io a square inch of surface. It 
vill do coarser: but the size stated is safest. 

I Over the wire gauze sides are fixed covers 
»f tin, hinged to the top of the lanthorn, which 
ntirely cover the sides, and are kept fast by a 
mall hasp at the bottom. The lower edge of 
ach tin coverside is beat inwards to rest against 
lie framing — so that the tin plate may be kept at 
i distance of $ inch from the wire gauze. Suffi- 
ieot space is thus provided to allow of the pas- 
age of air for the supply of the light.— These 
in coversides are useful to protect the wire gauss 
om injury and dirt, as well as to stop any cor- 
ent, or “ blower,” of gas from blowing out the 
ght. No direct current of wind can have any • 
effect upon the light, because there is no admission into the laothoro but 
obliquely at each corner. The candle is held between four short wires, 
soldered in the dish of a moveable socket, which fits into a socket soldered 
to the bottom ; this candle socket is useful for retaining auy waste fat that 
may run down ; it can be lifted out by the wire handle, and cleaned, when 
necessary. The inside of the lanthorn is thus kept quite cleau. The 
candle is pnt in through the neck on the top of the laothoro, upon which a 
hinged lid fits down tightly. The lid is pieroed with two rows of holes, 
through which the heated air and smoke escape ; and to the top is fixed a 
large ring, by which the lanthorn is carried and hung up. This ring is 
kept cool by a simple, hut effective, contrivance. A piece of tio, bent into 
the form of an inverted cone, is soldered inside the lid, which causes the 
hot ascending air to flow towards the sides, where it immediately escapes 
through the openings. To prevent any inflammable gas enteriog through 
the lid, a circular disc of wire gauze is soldered inside the rim of the lid 
—so that no gas can enter but through the wire gauze ; this wire gauze 
will never become red-hot, so that oo explosion can possibiy occur. The 
size of lanthorns made is about 5 inches square, and 12 inches high ; other 
parts in proportion. The inside of the tio coversides, and the outside of 
the lanthorn, are japanned of aoy dark colour. 

The Soap Plant.— In California this plant is used by the people for 
washing every description of clothing in cold running water. I u using, it 
as soap,, the women cut the roots from the bulbs, and rub them on the 
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clothes, when a rich aod strong lather is formed, which cleanses most 
thoroughly. To propagate the plant the bulbs are set in a rich soil, and 
grow luxuriantly in the soft bottoms of valleys or borderiog running 
streams. 

Copper Sheathing. —A. correspondent of the Mining Journal slates, as 
the consequeoce of his experience, that, in the treatment of the sulphurets 
of copper, there should be one calcining, one roasting, one smelting, and 
one redoing — four operations in all ; and that care be taken that no iron 
tools be used, except the ladles for the refining process. The carbonates 
of copper require only two operations — smelting aod refining ; but if cop- 
per pyrites be mixed with the carbonate, it will require three operations 
instead of two. By attention to these operations all foreign matter will be 
disengaged. The production of good malleable aod pure copper depends 
on the refiner; the copper is brittle before, and should be stirred with a 
wooden rod. It requires considerable care to keep the metal to a proper 
heat nntil the moulding is finished, to give it doe ductility, and muke it 
suitable for the demands of commerce. In general, most operators go too 
far io the refinery, which renders the metal fibrous, aod the result is serious 
lamination on one side of the sheet. 1 f the copper ore is properly treated 
in the above operations, this metal is decidedly the best for ships' bottoms. 
The per centage of copper is also much increased by careful treatment, and 
the scoria comes out cleaner. 

Method qf Welding Iron , Steel, and Sheet Iron, —In an earthen vessel 
melt borax, and add to it -^th of sal-ammoniac. When these ingredients 
are properly fused and mixed, pour them out upon an iron plate, and let 
them cool. There is thus obtained a glassy matter, to whiph is to be added 
an equal quantity of quicklime. The iron and steel which are to be soldered, 
are first heated to redness ; then this compound, first reduced to powder, is 
laid upon them — the composition melts and runs like sealing-wax; the 
pieces are then replaced in the fire, taking care to heat them at a tempera* 
tore far below that usually employed in welding : they are then withdrawn 
and hammered, and the surfaces will be found to be thus perfectly united. 
The author asserts that this process, which may be applied to welding sheet- 
iron tubes, never fails. — Rec. de la Soc. Polytech . 

Dotting Electric Telegraph . — A patent has been recently granted in this 
country to M. Dujardin, of Lille, for a new kind of electric telegraph in 
which the signals consist of dots made on paper. The telegraphic pen is 
fixed to a magnet, and it marks dots on a revolving traversing cylinder. The 
dots, by a previous alphabetic arrangement, are made to signify letters, each 
letter being characterised by a certain group of dots. The process is com- 
plicated, and must necessarily be a slow one ; nor does the inventor, who 
is a physician, seem to have been aware of the invention of Mr. Morse, 
Which accomplishes the same object, more efficaciously, and with a much 
less complicated mechanism; Mr. Morse's alphabet consisting of short and 
long strokes, by which means the letters of the alphabet may be indicated 
by a smaller number of marks than by dots of the same size. 

Time Signals . — Mr. Torrop, of Edinburgh, has patented an apparatus for 
giving notice of the approaching departure of railway trains, so as to super- 
sede the use of bells or whistles. The apparatus consists of a hollow pole 
erected vertically at any convenient part of the station where it may be roost 
advantageously seen both by those at the station itself, as also by those 
hastening towards the station. Upon the outside of this pole is placed a 
large ball, the pole passing through a hole through the centre of the ball, 
sufficiently large to allow free motion up and down the pole. The ballis 
suspended by cords, attached at the bottom of the pole to a clockwork 
movement, having a pendulum, the vibrations of which regulate the descent 
of the ball upon the pole. When the spring of the clockwork is wound up, 
the ball is raised to the top of the pole, which then begins to descend to the 
bottom of the pole, being regulated in its velocity by the clockwork and 
pendulum. The time of its descent will therefore be regularly the same 
each time the ball is raised to the top and then allowed to descend. The 
ball being raised to the top of the pole at the adjusted period of 'kne (say 
ten minutes before the departure of each train), and then allowed to descend, 
the position of the ball upon the pole during its descent will give notice 
of the length of time to elapse before the departure of the train. During 
the night a lamp is to take the place of the ball. 

A few Degrees qf Difference.— - In an action recently tried in the Court of 
Queen's Bench, the question was raised whether the variation of three de- 
grees in the inclination of a wood pavement constituted an infringement of 
the patent right. The defendants (Esdaile and Co.) were licensees under 
Rankin's patent for wood pavement, and the plaintiffs (Hulse and Co.), 
entered into a covenant with them to pay Certain royalties if they infringed 
upon the principle of Parkyn's patent. The principle was the inclination of 
the fibre of the wood to the horizon ; and that was described to be from 40 
degrees to 70 degrees. The defendants laid down pavement in Cornhill 
and at a bridge at Chalk-farm ; and the blocks they laid down were at an 
inclination of 73 degrees. The contention for the plaintiffs was, that 
although the inclination was not within the precise words used in the deed, 
still that for all practical purposes there was not the slightest difference 
between 73 degrees and 70 degrees. — Mr. Justice W'ightman, in summing 
up, observed, that if parties chose to bargain in specific terms they must 
abide by their bargain, and though in practice the two inclinations mentioned 
could make no difference, still the terms of tie covenant were express; 
therefore, unless the inclination adopted by the defendants was within that 
limit, the plaintiffs on that ground were not entitled to recover. The jury 
therefore gave a verdict for the defendant, the plaintiffs having liberty to 
move to enter i verdict of 504 U. 
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College for Civil Engineers .— On Tuesday the 18th ult.,the yearly err 
ami nation of the students of the College for Civil Engineers was held m 
Putney, and was attended by H.R.H. the Duke of Cambridge, and many 
of the aristocracy. The college seems to be advancicg in public opinion. 
We inspected the drawings, models, workshops, and other practical 
departments, which we are happy to say show considerable advance- 
ment in the knowledge of engineering. We were sorrv on aocb an occa* 
sion, and in an Institution so promising, to see year after year, in the work- 
shops, such schemes as the locomutive air-engine, and the imitation of 
Hero's rotary- eng ioe; for in an establishment like the college, it is better 
to be too far behind-hand, than to be suspected of running after wbai 
savours of visionary projects. 


LIST OF NSW PATENTS. 

OE ANTED IN ENGLAND FROM JUNB 24, TO JULY 18, 1848. 
Six Months allowed for Enrolment , unless otherwise expressed. 


Deane Samuel Walker, of London-brldge . merchant, for “ Improvements In the maau- 
fketure of bands orstrapi for bats, caps, shoe*, and stocks.**— Sealed June 24. 

Henry Archer, of Shaftesbury.cre<cent, Pim'lco, Middlesex, gent eman. for '* Improve- 
ments In matches, and In the production of light, and In the apparatus to be aaed tbore- 
with,**— June 24. 

William Hunt/of Dodder-bill, Worcester, chemist, for "Improvements In obtaining 
certain metals from certain compound* containing these metals, and in obtaining other 
products, by the use of certain compounds containing metals.**— June 24. 

Richard Clark, of the Strand, Westminster, lamp manufacturer, for " certain Improve- 
ments In gas burners, and in candle lamps and other lamps.'* — June 2(1. 

Frederick William Mowbray, of Leicester, paper-dealer, for *' Improvements In the 
manufacture of looped fabrics.** — June 27. 

John McIntosh, of Glasgow, gentleman, for " Improvements in obtaining motive 
power.*' — June 28. 

Joseph Skertchly, of Anstey, Leicestershire, gentleman, for " Improvements In bricks, 
and In the manufacture of tobacco-pipes, and other like articles.**— June 30. 

Elisabeth Dakin, of No. 1, St. Paul*s Church yard, London; widow, for "Improve- 
ments in cleaning and roasting coffee. In the apparatus and machinery to be used thereto, 
and also In the apparatus for making iufustons and decoctions of coffee.**— July 3. 

Nathaniel Beard more, of 13, Great College- street, Westminster, for ''certain Improve- 
ments In founding and constructing walls, piers, and breakwaters, parts of which im- 
provements are applicable to other structures."— July 3. 

John Martin, of Killyleaph Mills, Down, Ireland, mannfac'urer, for " Improvements 
ip preparing and dressing flax, tow, and other fibrous aubsian.es, and doubling, drawing, 
and twisting flax, tow, and other fibrous substances, aod in the machinery to be used for 
anch purposes.”— July 6. 

Joseph Clinton Robertson, of Fleet-street, London, civil engineer, for " Improvements ia 
tha manufacture of gas." (A communication.)— July 6. 

George Beattie, of Edinburgh, builder, for " an Improved air-spring and atmoapheria 
resisting power.*’— July 6. 

Anthony Lorimler, of Bell's- buildings, Sallsbury-square, City, book-binder, for "Im- 
provements In combining gntta percha and caoutchouc with ottur materials."— July 6. 

William Edward Newton, of Chancery. lane, Middlesex, for " Improvements In tha 
construction of stoves, grates, furnace or fire-places for various useful (.nrposes."— July 6. 

William Swnin, of Pembroke, Hereford, brick-maker, for "certain Improvements In 
the construction of kilns for the drying and burning of bdeks, tiles, and other earthen 
substances, and for the consumption of smoke and other noxious gases arising therefrom* 
and which latter Improvements may be applied to all chimneys."— July 6. 

Enoch S»eel, and William Britter, of Lambeth, Surrey, manufacturers, for " Improve- 
ments In the manufacture of tobacco- pipes. "—July 6. 

. Walter Orbel Palmer, of Southacre, near Smaffham, Norfolk, for " Improvements le 
machinery for thrashing and dressing corn."— July 10. 

Kfchard Roberts, of Globa Works, Manchester, engineer, tor "certain Improvements 
In. and application to, clocks and other ti^e- keepers, in machinery or apparatus for 
•viodlng clocks and hoiatlnr weithts,snd for effecting telegraphic communication between 
distant clocks and places otherwise than by electro magnetism.'*— July 11. 

Leon Csstelaln, of Poulton-square, Middlesex, chemist, for " Improvements in the 
manufacture of soap.**— July 11. 

Felix Alexander Testud de Beauregard, of Paris, engineer, for "Improvements In 
generating steam, and in the means o. r obtaining power from stearo-eogines."— July 11. 

Mathew Kirtley, of Derby, engineer, for " Improvements In the manufacture of rall- 
wmy-wbeels." - July II. 

Jerae Rosa, of Leicester, agent, for " Improvements in apparatus for dibbling and other 
agricultural pupates, part of which Improvements it applicable to propelling vessels." — 
July 11. 

William Edwards Stalte, of Lombard. street. City, gentleman, for " Improvements to 
the construction of galvanic batteries, in the furmatlon of magnets, and In the application 
of electricity and magnetism lor the purpose of lighting and signalising, as also a mode 
or modes of employing the said galvanic batteries or some of them, for the purpose of 
obtaining cheuiicul products." (Partly a communication.) -July 12. 

William Swain, of Pembridge. Hereford, brick. maker, for "certain Improvements lo 
kilns tor burning bricks, tiles, and other earthen substances." — July 18. 

Jean Louis Lamensude, of 30, Passage Touffroy, Paris, jeweller, for "a new process of 
applying or fixing letters of metal upon glass, marble, wood, and other substances." — 
July 18. 

Chat les Purnell, of Liverpool, dock-master, for "certain Improved apparatus to be 
applied to limber- loaded and other vessels laden with material* the specific gravity uf 
which It lighter than water, preventing the necesa ty of abandoning them at sea bf 
ridding them of the superincumbent water, and enab.lng them thereby to carry sail.” — 
July 18. 

William Edward Newton, of Cbancery.lane, Middlesex, for " certain Improvements la 
machinery for letter.preaa printing."— July 18. 

Joseph Stenaon, of Northampton, engineer, for "Improvements In steam-engines ami. : 
boilers, parts of which improvements are also applicable to other motive machinery." — 
July 18. 

Joham Arnold Slelnlramp, o' Leicester street, Leicester .square, Middlesex, geotlemaa* 
for " Improvements lu the manufacture of sugar from the cane.**— July 18. 
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CANDIDUS’S NOTE-BOOK, 
FASCICULUS LXXXV. 

“ I mu*l have liberty 
Withal, as large a charter as the winds* 

To blow on whom 1 please.** 

I. Architects are apt to pay by far too little attention to 
locality, aspect, and other circumstances which influence the 
effect of buildings such, for instance, as distance— too little 
space for obtaining a satisfactory view from any point, or so much 
tnat it looks diminutive in comparison with what the design, 
whether shown in a model or a drawing of it (that is, an elevation), 
promises. Neither the model nor the elevation conveys, or can 
convey, the slightest idea of locality ; and even if recourse be had 
to perspective and pictorial representation, the probability is, 
that there is a vast deal of imposition passed off under the plausi- 
ble and innocent name of artistic liberties. Liberties of the kind 
are, however, sometimes carried so far as to amount to downright 
lies — an ugly word, it must be confessed ; but the imposition so 
practised is a far more ugly thing. And surely it amounts to 
nothing less than a lie, although not a spoken one, to represent a 
front that will always be in shadow throughout the whole day, 
kindled-up and illustrated by sunshine, with all its details spark- 
lingly touched and brilliantly brought out. In Mr. Blore’s view 
of the new building at Buckingham Palace, the sun is made to 
shine from the north-east ; which, not to call it a miracle, is at any 
rate a piece of great complaisance on the part of that luminary — 
a direct testimony to the all-commanding talent of that Mr. B. 
Such deceptions are, it would seem, not lies, but merely poetical 
and graphic Actions ; and we ought to congratulate ourselves upon 
getting anything poetical at all, where the design itself is so 
terribly prosaic. 

II. Locality has so very much to do with the actual appearance 
which a building makes, that unless some information be afforded 
in regard to it, we may be totally ignorant and unsuspicious of 
many circumstances that require to be understood. If a building 
has been seen, it is of course known how it is situated with 
respect to other buildings; whether in an open space or in a 
street ; and if a street, whether it is a wide one or a narrow one ; 
or if an open space, whether it is a regular or irregular one. It is 
desirable also to know what is its aspect, for it makes a very 
considerable difference whether a portico or colonnade faces the 
north or the south — the east or the west. Therefore, if a building 
is known to us only by means of plans and other drawings of that 
kind, confined to the edifice itself, we may form very erroneous 
ideas. Of course, such drawings acquaint us with its actual 
dimensions, but leave us in entire ignorance as to its relative size 
in comparison with adjoining or neighbouring buildings. It may 
chance, for instance, to be so greatly over-topped by them, that 
instead of answering to the prepossessing appearance which it 
makes when shown apart from other objects, as to make but a 
rather insignificant appearance in reality ; consequently, much as 
the design may be admired, the structure disappoints when seen, 
—at least, at first, though it may recover our first good opinion 
afterwards. The reader knows the story of the lady who fell in 
love with a portrait, but was cured of her passion on finding that 
her Adonis wore a wooden leg. In order to judge what figure a 
building actually cuts, it is necessary to know something more 
about it than elevations^ &c. show. The “ about it” is here to be 
understood literally ; since, with regard to effect, much depends 
upon accidents of site and locality — upon aspect, point of view, 
and various other circumstances, any one of which may be more 
or less influential, even taken by itself singly; therefore, when 
combined, must be so in a high degree, either favourably or the 
reverse. 

III. In some stringent remarks that have just appeared upon 
the “ Houses of Parliament,” in another publication, it is hinted 
that it would not have been amiss had the excessive decoration of 
the river-front been considerably moderated, and the saving so 
effected been applied to the fwishing-up another public and 
national edifice— namely, the pile of buildings which are termed 
collectively Somerset-place, whose now exposed west, or rather 
south-west side, makes a most mean, though not exactly beggarly, 
appearance — yet beggarly as manifesting the pinching poverty of 
a government which cannot afford to get rid or such an unseemly 
public exhibition of architectural sans culottism . It is no reproacn 
to Chambers that he did not provide against an event which he 
could not possibly foresee. He would have been regarded as a 
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madman, had he advised that the terrace-front should be returned 
and continued northward, in order to form a west fa9ade that 
might possibly some time or other be exposed to view, on the side 
most of all favoured by aspect. He could no more have any idea 
that W aterloo-bridge would be erected, than that such architec- 
ture as King s College would be brought so closely into contact, 
as to be made to appear part of his design. The bridge has cer- 
tainly rendered one service to Somerset-place, since it enables us 
to obtain a view of the river-front and its terrace. But the for- 
mation of the street leading to the bridge has laid open to sight 
what was never meant to be seen at all, and therefore now detracts 
sadly from the grandeur of the fa9ade which is beheld in connec- 
tion with it. The disparity between the two is nothing less than 
offensive. The feeling it produces is akin to that which we should 
experience on beholding a costly sideboard and a kitchen-dresser 
cheek-by-jowl in a dining-room. The iuxta- posit ion which here 
presents itself is not like that of “ pearls upon an JEthiop’s arm,” 
but of a blooming face upon the shoulders of a Blackamoor, — the 
head of Hebe upon the shrivelled carcase of a hag ; — in short, we 
perceive Chambers and Pecksniff arm-in-arm together : no disre- 
spect is intended to the former, he being sufficiently excused by 
what has been stated above. Still, that is no excuse for our ne- 
glecting to do what the greatly-altered locality of the building 
renders so highly desirable. If it is not worth while, merely for 
appearance-sake, to bestow a decent architectural exterior on the 
exceedingly unsightly and disfiguring range of building alluded to, 
how can we reconcile ourselves to tne enormous outlay for meie 
embellishment in the river-front of the Houses of Parliament ; 
and which, after all, does not produce any corresponding degree of 
effect ? Either the “ Houses accuse us of the most niggardly 
meanness for allowing Somerset-place to remain in the disgraceful 
and unfinished state which it is ; or Somerset-place accuses us of 
absurdly wanton extravagance, for crowding such a profusion of 
minute details and carved-work into that front of the “ Houses ” 
where they are quite lost, and where a few boldly-touched finishings 
would have told quite as well — perhaps even very much better. 
The west wing of Somerset* place, on the contrary, though at 
present a most offensive eye-sore — and perhaps doomed to remain 
so — is most admirably situated for architectural display. There is 
not any spot in the whole metropolis which affords so many of the 
requisites for a fine architectural scene. That side of the buildings 
of Somerset-place is favoured, not only by aspect, but by due space 
before it — neither so great as to take off from the size oi the 
building, nor insufficient for viewing it as a whole. To these ad- 
vantages, other peculiar and accidental ones may be added : the 
building descends so much below the level of Wellington-street, or 
the road way leading to the bridge, that the street becomes as it were 
a terrace or elevated staging, from which it shows — that is. would 
show itself, most picturesquely, were it a worthy piece of archi- 
tecture, instead of being the abomination it now is. When looked 
down upon from the parapet of the road, it would be seen rising 
statelily from a deep substructure: And that west front and the 
river-front — which latter shows at present only as a mere mask- 
seen together, would produce a fine palatial mass, and in combina- 
tion with Waterloo-bridge, a most striking and noble group of 
architecture. The river-front itself, which now looks only like 
the fragment of an unfinished design, would gain in importance 
by becoming a portion of one consistently grand design. Besides 
all which — but let us have done with “besides's. We have 
“Marble Arches,” and “Nelson Columns,” and “Wellington 
Statues,” and a good many other things that shall be nameless, to 
show how freely tens-of-thousands have been flung away on very 
futile if not absurd objects. Let us then have at least one public 
edifice that will serve as a monument of our notable economy and 
frugality. Therefore, since so it must be, let it even be Somerset- 
place. Let the foreigner who gazes with astonishment at such an 
achievement by individuals as Waterloo-bridge, look with asto- 
nishment of a different kind — with scornful wonder at the paltriness 
that is allowed to disfigure and disgrace a government building 
which might, with comparatively little cost, be rendered a uni- 
formly noble pile. 

IV. My good friends, the architects, — the friendship between us 
is not, perhaps, of the most cordial kind, my own share being 
marked more Dy boisterous freedom than by compliments and cour- 
tesy — still I say my very good friends, the architects, may be said 
to nave contrived to outwit and enslave themselves. So long have 
they gone on preaching up the accursed and superstitious doctrine 
of its being unlawful to deviate from established forms and propor- 
tions, or from the precise letter of mechanic-enacted rules, that 
even those who could do so successfully, dare not even attempt it, so 
greatly do they stand in awe of the sneers of the whole tribe of 
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Incapables, who scout the idea that it is possible for any other 
than hackneyed forms to be beautiful, and who flatly deny it to be 
in the power of artistic conception to produce what, though dif- 
ferent in character, should be equally beautiful in its peculiar way. 
Unhappy architects ! ye have locked yourselves in, and flung away 
the key that would open the door and send you forth — the worthy 
and really gifted among you rejoicing once more in liberty and 
light. Unhappy architects ! — unhappy architecture, also! for thou 
art now fettered, and delivered over to the tender charge of thy 
jailor, Precedent ! 

V. Precedent is adhered to even for that lawless, hybrid style 
which we denominate Elizabethan. No one, indeed, has yet at- 
tempted to draw up a formal code of rules and regulations for it — 
perhaps, because it would be a task of very great labour to at- 
tempt to systematize so chaotic a mass as the various examples of 
it constitute ; any one of which, however eccentric and exceptional, 
may now be quoted as sufficiently valid authority. This must be 
allowed to have its convenience ; no more being required than to 
follow Precedent merely piece-meal, and patch up a design out of 
odds-and-ends, taken at random, and put together without any 
regard even to general consistency of composition. The name 
“ Elizabethan,’* at once sanctifies all absurdities and all crudities : 
it operates as a talisman and an aegis against the shafts of criticism. 
It is in vain to object to that offensive inequality of design which 
results from plainness and coarseness in some features, and studied 
ornateness, perhaps finicality, in others. The greater the incon- 
gruity, the greater, it would seem, is the Elizabethan-ness . The 
utmost and most convenient latitude is freely allowed : forms and 
features strongly partaking of the latest-expiring Tudor style may 
be mixed up ad libitum with ultra- Italianized ones ; no matter how 
incoherently, when incoherence is thought to belong to, if not 
actually to be the very genius of the style itself. Although for a 
very different reason, Elizabethan possesses one great recommenda- 
tion in common with the pure Grecian style. What it is you shall 
learn by-and-by — that is, in my next Fasciculus; till which appears, 
I leave you to cogitate upon the matter, and solve the riddle, if 
riddle it be, for yourselves. Or, should your curiosity evaporate 
in the interim, it will not greatly matter. Putting, like a frugal 
hostess, that dainty bit “ by for supper-time,” what I now say is, 
that we do not at all avail ourselves as we might do of the opportunity 
which Elizabethan architecture holds out to us,— of the convenient 
pretext which it affords us for working out a style founded upon 
the Italianism or early Cinque-cento ideas which, although they 
show themselves only here and there partially, and more or less 
imperfectly, strongly mark those examples in which they occur 
to any extent. In reverting to Elizabethan, we have considered 
it ratner as being the latest stage of expiring Gothic, than as the 
incipient one of a quite different architectural system ; which ? had 
it been allowed to proceed as it originated, and to develope itself 
freely and naturally out of its first rudimentary shoots, instead 
of being put into the hot-house of Palladio and Jones, would 
doubtless have produced other blossoms and fruits than those 
which have attended such “forcing” system. When Elizabethan 
was recommended as the style most of all Suitable for the new 
Houses of Parliament, people — and architects among the rest, were 
puzzled to know what was to be understood W such name. Was 
it to be interpreted literally or liberally ? If the former, it of 
course excluded every style that had been used before or up to 
the period of Elizabeth s reign, unless Elizabethan and Ante- 
Elizabethan mean one and the same thing, and unless Elizabeth 
reigned before she was born — a mystery I willingly leave to wiser 
heads than mine. On the other hand, if Elizabethan was to be 
interpreted liberally and latitudinarially, it would seem to imply 
that the style to be adopted might be either that which was actu- 
ally employed during the latter half the 16th century, or which 
afterwards came up in the earlier part of the following one ; and 
the way for which had been opened by the influences and tastes 
of the previous Elizabethan period. It is perhaps just as well 
that the taste of Elizabeth’s grandfather — at least, that of his 
age — was preferred to that of her own. Nearly all the competitors 
for the “ Houses” eschewed Elizabethan, and no doubt very pru- 
dently; for it would, perhaps, have occupied them till now to 
elaborate out of it aught that would have been both worthy of 
and suitable for the occasion. 

VI. Some are so very sensitive and captious about terms and 
names, that I wonder they do not affect to be scandalized at that 
of the “ Lancet style.” It cannot, indeed, be said to be a very 
blunt one ; on the contrary, it is sharp enough — so sharp as to 
pierce an ear that is at all refined. It must surely have been 
invented by Dr. Sangrado, or other practitioner of phlebotomy. 
Or it must have originated with the Company of Barber-Surgeons, 


so truly barberous is it in sound. If not so, it must have been ap- 
plied in sneering derision by some such critics as those who make 
themselves merry with Nash’s extinguisher in Langham -place, and 
Barry’s dumb-waiters in Trafalgar-square. Lancet-style! — horrible 
name ; suggesting ideas of bloodshed, at least of blood-letting ! 
Let it be reformed by all means ; more especially as people are 
now endeavouring to substitute more appropriate terms for those 
introduced by Rickman, notwithstanding that they have obtained 
general currency among as. If “Perpendicular” is to be trans- 
formed into “ Rectangular ” style, surely “ Lancet ” will no longer 
be tolerated by “ ears polite,” or ears archaeological. Let a General 
Council of Archaeologists be held forthwith ; let the Institute as- 
semble in solemn or somnolent conclave, to devise some less odiously 
vulgar name for what is now called the Lancet style. Should 
they not be able to think of one, still, they might possibly dream 
of one ; or else they go to sleep to very little purpose indeed. 

VII. Plans, elevations, and sections of Stowe, would just now 
possess considerable interest, even for those who would not care 
for them at any other time. None, however, are in existence,— 
at least, no published ones. There is no work which so describes 
that princely mansion ; — no plates of it in any of the several col- 
lections which assume the title of “ Vitruvius Britannicus,* al- 
though they all contain subjects of far inferior note, and inferior 
merit also, and more than one which has nothing whatever to 
recommend it. Almost all that is known of the architectural 
authorship of Stowe is, that the original house is said to have 
been designed by Viscount Cobham, and the additions, comprising 
the stately south front, by the first Lord Camelford (about the year 
1775). Vanbrugh and Kent designed some of the garden -buildings ; 
but of the professional architects employed upon the mansion 
itself, the only names which appear to be known are those of 
Borra and Valdrfc, both foreigners. Stowe is infinitely too modern 
to excite any sympathy among the admirers of ruins and rubbish. 
When it becomes an antiquity, and thereby entitled to the epithet 
of “ venerable,” it may acquire that value in the eyes of posterity 
which it has not in our own. And let us hope that it will be per- 
mitted to remain; and not doomed to be taken down and sold 
piecemeal, as were both Wanstead and Worksop. We can iU- 
afford to spare such an example of a palatial English residence, 
now that nothing else of the same class and character is erected. 
Scarcely a mansion of any architectural note at all has been 
erected for many years. What few large country-houses have 
been built, mostly affect antiquity, without either the charm or the 
merit of it. The tide now runs in favour of Model Lodging<- 
houses and Buckingham Palaces, — of Baths and Washing-houses: 
but Greenwich Hospitals, and Blenheims and Stowes, are quite be- 
yond our mark. Neither the aristocracy of rank nor the aristocracy 
of wealth patronise such architectural grandeur as marks the last- 
mentioned piles. Let it not be supposed from this, that unqualified 
praise of either Blenheim or Stowe is intended. In both of them 
there is much to censure — a great deal that might be many degrees 
better : still, there is the magnificent and the noble — which, as 
things now go, is a very great deal indeed. As to the grandiose, 
where will you now find it ? Go and look for it in the fa9ades of 
the British Museum or Buckingham Palace; and if you can 
discover it there, you may congratulate yourself as being able to 
discover the longitude also. 


NOTES ON ENGINEERING.— No. X. 

By Homersham Cox, B.A. 

The Dynamical Deflection and Strain of Railway Girders . 

There is no subject in practical science which has been more 
elaborately investigated than the theory of the statical transverse 
strength of beams. It has fortunately happened that two different 
classes of investigators— mathematicians and experimentalists— 
have cooperated in the research : and the result of their united 
labours has been a valuable and comprehensive system of know- 
ledge. 

But the dynamical strength of beams, or their capability of sus- 
taining weights moving rapidly over them, has never been satis- 
factorily discussed. There does not appear to be extant a single 
theoretical investigation of this subject— and the deficiency is due 
to two causes : it occurs partly because the subject has but com- 
paratively recently grown into importance ; partly because of its 
excessive and insuperable difficulties when investigated by the 
exact methods of theoretical mechanics. The following paper is 
a contribution to a more accurate knowledge of this important 
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question, which has at length attracted the attention due to its 
influence on the security of railway traffic. The necessity of 
further inquiry seems to be generally acknowledged among engi- 
neers ; and by the recommendation or the Commissioners or Rail- 
ways, in a published minute of the 29th of June 1847, a government 
commission has been appointed for the very purpose. The minute 
expresses a doubt 44 whether the experimental data and the theo- 
retical principles at present known are adequate ” for the 44 design- 
ing iron bridges, when these are to be traversed by loads of extra- 
ordinary weight at great velocities.” 

There seems to exist great discrepancy of opinion as to the 
effect of the velocity of transit. Some have imagined that it may 
become a source of safety, by causing the railway train to pass 
over before the girder has had time to yield. Others, again, have 
estimated the effect of the moving load as highly as six or seven 
times that of the same load at rest. In the following investiga- 
tion, both these opinions will be shown to be incorrect : they are 
here cited merely as indications of the extreme uncertainty pre- 
valent on the subject. 

The method of inquiry about to be explained consists, not in 
determining the dynamical strain absolutely, but by comparison 
with the corresponding statical strain. The results will conse- 
quently be much simpler than they would be if the dynamical strain 
were estimated independently. The deflection which a given load 
at rest upon a girder produces, will be always taken as one of the 
known data of the problem. The determination of this statical de- 
flection, as it forms the basis of all the remaining calculations, is 
the first point of inquiry. 

. When a beam is not affected by a permanent set or defect of 
elasticity, it appears, both from theory and actual experiment, 
that the deflection by a weight resting at its centre is very nearly 
proportional to that weight — that is, if a given number of tons 
deflect it one inch, double the number of tons will deflect it two 
inches. This result is arrived at by Professor Moseley in his u Me- 
chanical Principles of Engineering,” and M. Navier in his 
w Resume de Lemons de Construction,” by independent methods. 
Its near accordance with practical truth has been abundantly con- 
firmed by experiment, as may be verified by reference to numerous 
published accounts of actual observations on the subject, and es- 
, pecially to Mr. Hodgkinson’s invaluable 44 Experimental Re- 
searches on the Strength of Cast-Iron.” This work gives the 
results of an exceedingly large number of experiments, made 
by the author and others, on the transverse strength of beams 
loaded at their centres ; and although these beams were of very 
different forms and dimensions, the law indicated is nearly observed 
in all of them. Whether the section of the beam be rectangular, 
triangular, or T-shaped, with the vertical rib either upwards or 
downwards, the constant ratio, in each beam, of each deflection to 
the corresponding load is nearly maintained : and the same remark 
applies to beams of the form most useful for railway purposes— 
that of an upper and lower flange connected by a vertical rib. 

It will be found, however, by reference to the tables in Mr. 
Hodgkinson s work, that the actual deflections are somewhat more 
than the theoretical law would make them. This discrepancy may 
be accounted for by attributing it to the defect of elasticity, which 
the ordinary theory of beams does not consider. As this defect 
is not generally very great, it will here in the first instance be 
neglected: the deflections will primarily be estimated as if the 
elasticity were perfect; and subsequently the modifications due 
to defect of elasticity will be taken into consideration. 

Work Done on the Deflection of a Beam. 

The 44 work done” by a moving force may be defined to be the 
product of that force into the distance through which it acts. A 
famili ar instance of the use of this measure is the Steam-Engine ; 
where the work done receives the particular name of Horse-Power. 
If the pressure on the piston were uniform, that pressure (in pounds ) 
multiplied by the distance through which it is exerted (in feet) 
would, if divided by 33,000, give the horse-power. But in the 
steam-engine, and all other practical instances, where the pressure 
is not uniform, but varying, it is impossible to calculate tne work 
done by this direct multiplication. Where the value of the 
moving force is constantly altering, we may resort to either of the 
following methods of ascertaining the work done by it, — we may 
multiply its average value by the distance through which it acts ; 
or, when that average cannot be ascertained, we may consider the 
whole distance divided into elementary portions, so small that it 
may be supposed without sensible error — that the pressure is at 
least uniform while it acts through each portion in succession. 
The aggregate work done, is the sum of the work done on each of 
tfiese portions — that is, it is the sum of the products of each por- 
tico of the distance and the corresponding pressure. 


This process of summation, when carried out with the greatest 
possible accuracy, is equivalent to that of mathematical integra- 
tion ; in which case, the work done by a varying pressure may be 
defined, in mathematical language, to be the integral of the product 
of the pressure, and its 44 virtual velocity.” The work done in 
deflecting a beam by pressure at its centre is easily ascertained, if 
that pressure be assumed proportional to the deflection. Calling 
the deflection x, and therefore the pressure a x (where a is a con- 
stant depending on the dimensions &c. of the beam) we have — 

work done = sdtt = ~ = . a. 

Now — is the pressure or weight which would statically maintain 

half the deflection x. Hence, the work done tn producing a given 
deflection is equal to the weight which would statically maintain half 
the deflection, multiplied by the whole distance of deflection. 

The value of this rule will appear hereafter. 

Distinction of Gradual and Instantaneous Loading . 

When experiments are made on the strength and deflection of 
beams, they are generally loaded very gradually at their centres. 
Each addition to the load is allowed to produce its full effect 
before more be imposed. Consequently, at every stage of the ex- 
periment. the beam is in a state of statical equilibrium : the pres- 
sure of the load on the beam is always just equal to its weight, 
and is never increased by any momentum arising from downward 
velocity. 

But if the whole load be suddenly and at once placed on the 
beam, while it is as yet undeflected, the effects are entirely altered. 
The deflection is greater than the same load would produce if 
gradually applied : for when the beam has reached the point of 
statical deflection, the momentum acquired by the downward motion 
urges it further; and the descent of load continues till it be brought 
up (so to speak) by the increased resistance of the beam. After- 
wards, the beam and load rise again, as the deflection has been 
carried beyond the degree at which it can be statically maintained. 

In the case here supposed of instantaneous loading, nothing 
like impact or sudden collision occurs. The pressure at the centre 
of the beam is finite and continuous. The load does not fall upon 
the beam — it is merely supposed to be placed originally in close 
contact with the beam, and then suffered to instantaneously rest 
upon it. 

For the sake of elucidation, one or two instances of analogous 
action may be cited. If a common balance have its fulcrum above 
the points of suspension of the scales, and a weight suddenly reBt 
in one of the scales, the lever will turn through a much greater 
angle than if the same weight were applied in small successive 
portions. 

If an elastic string suspend vertically a weight from one end of 
it, the string will be more stretched if the whole weight be suffered 
to act at once, than if applied in small portions. It will be found, 
that if the extension of tne string be proportional to the stretch- 
ing force, the extension produced by the descending weight will 
be twice that due to the gradual effect of the same weight. 

A light cylinder of wood, loaded at its lower end, and floating 
vertically in water, furnishes another illustration. If the cylinder 
be raised a little above its position of equilibrium and then let go, 
it will sink twice the distance it has been raised, if the motion be 
60 small that the resistance is equal to the hydrostatical pressure. 

In the same way, in a perfectly elastic horizontal beam, loaded 
at its centre, the effect of instantaneous loading is double that of 
gradual loading. For, by a known principle of mechanics, when a 
material system moves from one position of rest to another position 
of rest, the work done by the retarding forces is equal to the work 
done by the accelerating forces. For any small deflection of a beam 
by instantaneous loading, its position of ultimate deflection is one of 
instantaneous rest, for immediately before it arrives at that posi- 
tion, all the parts of the beam descend, and immediately after, 
ascend. Also, the work done by the accelerating force is the 
weight actually resting on the beam, multiplied by the space of 
deflection : ana the work done by the retarding forces is, by what 
has been said above. 44 equal to the weight which would statically 
maintain half the deflection, multiplied by the whole distance of 
deflection.” Therefore, putting the two amounts of work done equal 
to one another, we see that the weight actually upon thto beam is 
that which would statically maintain half the deflection. In other 
words, the deflection is doubled by instantaneous loading. 

Transit of a Single Weight . 

We now proceed to examine the effect of the transit of a single 
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weight along the girder, and first of all to show that its effect 
cannot exceed that which it has just been estimated to produce, if 
stationed at the centre of the girder and allowed to descend freely 
from the undeflected position— an other words, it will be proved that 
at whatever rate the weight may travel over the girder, its ulti- 
mate strain and deflection cannot be more than double the corre- 
sponding statical effects produced when it rests at the centre of 
the girder. 

There is a general rule of constant use in engineering which, 
expressed in practical language, states that power is never gained, 
but only mooified, bv the intervention of machinery. This rule 
may be more scientifically expressed and extended by tracing it to 
its origin — it is a particular case of the principle known in theo- 
retical mechanics, as the Conservation of V is Viva. This principle 
may be very conveniently enunciated by employing the term 
“ work done,** as defined above : and it then assumes this form of 
enunciation — that the vis viva gained or lost by a system in moving 
from one position to another, is equal to twice the difference 
between the work done by the accelerating, and that done by the 
retarding, forces in the same interval. 

From this it follows, that where there is no gain or loss of vis 
ettw, there is no difference between the work done by the accele- 
rating and retarding forces respectively. Hence, it the parts of 
the system be moving at the same velocity in the second position 
as in the first— or if both positions be positions of rest — the ag- 
gregate work done in the interval by the retarding forces is equal 
to that done by the accelerating forces. 

A very simple case will illustrate this theorem. If a locomo- 
tive-engine travel a mile along a railway, and its velocity at the 
end of the mile be the same as at the beginning of the mile, the 
work done by all the forces which have resisted its motion is in 
the aggregate just equal to the horse-power developed in the 
steam-cylinders. And this equality holds good, however the 
engine have moved in the interval— whether on a straight level 
road, or on severe curves and gradients — whether the speed were 
uniform or very irregular — whether the steam were on the whole 
time, or the engine during large parts of the journey moved by its 
momentum only. The intermission of the moving force and all 
other irregularities disappear in the result. To establish equality 
between the work done in moving, and that done in retarding, the 
engine, all that is necessary is that the engine be moving neither 
faster nor slower at the end of the mile, than at the beginning 
of it. 

Another illustration will serve to show the extreme generality of 
the principle in question. If a certain quantity of water have to 
be raised a certain height, the amount of work actually requisite 
for effecting the object is in all cases equal to the weight of water 
multiplied by the vertical height. This amount of necessary 
power or work is incapable of being diminished by any mechanical 
or hydraulic contrivance. The water may be contained in a vessel 
which is drawn up perpendicularly, as from a well, or which is 
drawn up an inclined plane or by a spiral path ; or the water may 
be raised by an Archimedian screw, or by buckets attached to the 
periphery of a revolving wheel, or by a hydraulic -ram, or by a 
force-pump; or lastly, it may be thrown up in a jet, as from a 
fountain or fire-engine. But it is physically impossible, bv these 
or any other methods, to diminish the requisite amount of labour. 
It is. of course, easy to increase the amount by a waste or unpro- 
fitable expenditure of labour, such as is caused by friction of the 
machinery, or the mutual action of the particles of water among 
themselves. But supposing no waste of force to occur — supposing 
all the power usefully employed in simply raising the water with- 
out doing anything else ; then the amount of that power is in all 
cases just what has been stated — the weight of water multiplied 
by the vertical distance through which it is raised. 

The rule is of universal application, and there is no other prin- 
ciple of dynamics of such great and constant utility in practical 
science ; for it embraces all those cases of motion with which the 
engineer happens to be concerned— cases where the motion either 
ceases, or has the same values, at regularly-recurring intervals. 

The case before us, of the transit of a weight along a girder, 
is a striking exemplification of this Principle of the Conservation 
of Work. For this principle enables us immediately to compare 
the effect of a weight moving along the girder, and that of the 
same weight stationed at its centre, and descending. If the de- 
flection be the same in both cases, the work done by the descent of 
the load in both cases is the same— namely, the weight multiplied 
by the vertical descent : and this is true, whatever be the path of 
descent. Now, it has already been shown, that in the case of in- 
stantaneous loading, the work done by the descent of the weight is 
equal to that necessary to produce in tne beam the deflection which 


twice the weight would statically maintain. Hence, the travelling 
weight can do no more. 

The value of this conclusion appears the greater, when it i* con- 
sidered that it avoids all hazardous hypotheses as to the forms 
assumed by the beam during the transit. However the beam 
may be bent — whatever may be the nature of its vibrations and 
internal action, this is certain, — that when its elasticity is un- 
impaired, a weight travelling along it cannot, under any circum- 
stances whatever, more than double its corresponding statical de- 
flection. To suppose it capable of doing more, is to suppose the 
physical impossibility of a gain of power. 

But though the travelling weight cannot, under any circum- 
stances, produce more than double the statical deflection, fe is 

S uite possible that it may do less . A large portion of the work 
one by the weight may be absorbed in producing lateral vibra- 
tions and other irregularities of motion in the beam. All these 
concomitant operations act by way of diminution, and tend to make 
the dynamical deflection less than double the statical central de- 
flection. 

In determining the actual amount of this diminution, the velo- 
city of transit must be taken into account. For that there is 
some particular velocity for which the deflection is a maximum, 
is obvious from this simple consideration — that when the weight 
travels exceedingly slowly along the beam, it always exerts a 
statical pressure, and does not tend to increase by momentum the 
deflection beyond its statical amount ; — and, on the other hand, 
when the weight travels with excessive rapidity, it may not have 
time during the transit, to sink even the distance of statical 
deflection. To take the limiting case, when the velocity is inde- 
finitely great, the descent of tne weight must be indefinitely 
small ; for even if it fell freely, and there were no beam to support 
it, the distance of descent in an indefinitely short time is inap- 
preciable. 

Effect of the Inertia of the Beam. 

There is, then, between the exceedingly high and the exceed- 
ingly low velocity, some particular intermediate speed which pro- 
duces the greatest possible deflection. Before, however, consider- 
ing what that velocity is, or endeavouring to establish a direct 
relation between the velocity and the deflection, it is necessary to 
examine more particularly the case just referred to — where the 
velocity of transit is so great, that the weight has not time to 
sink beyond a certain degree. 

Now, there are two ways in which this consideration of time 
might be supposed to affect the amount of deflection. The first is 
that already stated, where the period of transit is so short, that 
even if the weight descended freely, without support from the beam, 
its descent would be inconsiderable. This case may, however, be at 
once excluded, when it is considered that at all practicable railway 
velocities, the time of transit over a long girder (50 to 80 feet) 
could not be much less than one second, that a body would fall 
freely upwards of 16 feet in that time, and that its actual desoent 
(equal to the deflection of the girder) is only a few inches. 

But there is another way in which the consideration of time 
might be supposed to affect the deflection : there might not be 
time enough to overcome the inertia of the beam. This ease 
requires more particular examination. 

A person skating over a weak piece of ice may sometimes, by 
moving rapidly, glide over it safely before it have time to break — 
that is, before the pressure of his body have impressed on the ice 
the downward motion sufficient for it to attain the point of 
fracture while he is passing over it. Now, by the general princi- 
ples of mechanics, the same pressure which, acting for a given 
time, would produce a great velocity in a small mass, will produce 
proportionably little velocity in a large mass. In order then 
that the inertia of the ice may, in the case supposed, be a cause of 
safety, it must be large in comparison with the pressure acting on 
it ; that is, the mass of ice acted upon must greatly exceed the 
mass of the man's body. 

In the same way, in order that the inertia of a girder might be 
a cause of security, the mass of the girder must be very much 
greater than that of the train passing over. But it will be shown 
that the mass of the former does not, for heavy loads, exceed 
that of the latter so greatly as to perceptibly diminish the deflec- 
tion. It has sometimes been found useful to add to the inertia of 
the girder by laying on it heavy ballast, and by this means the 
structure is rendered steadier , — tnat is, the slight lateral oscilla- 
tions and other irregularities of motion are reduced. But it 
is only these smaller or subsidiary movements that can be 
diminished by adding to the weight of the girder. Its mass, and 
that of the permanent load upon it, is not in generalso large as to 
materially influence the main, or vertical, deflection, when pro- 
duced by nearly as heavy a load as it will safely bear. 
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When the train passes oyer the girder, the centre of gravity of 
the whole system sinks, the impressed moving force downwards 
being the weight of the train, and the motion of the centre of 
gravity being retarded by the elastic force of the girder. 

To take a caee every way unfavourable to the conclusion which we 
wish to establish, let the greatest deflection be 3 inches, and the 
velocity of the transit so great that the weight nasses over the girder 
in a second of time. This would be the time o t transit over a girder 
88 feet long, at the rate of a mile a-minute. Now. the extreme de- 
flection may be supposed to be accomplished in naif the time of 
transit, or the centre of the girder sinks 3 inches in half a second. 
The centre of gravity of the whole system at no time sinks so 
much as the centre of the beam sinks, for its two ends do not sink 
at all. On the whole, it seems an ample allowance to suppose the 
maximum vertical descent of the centre of gravity of the beam l£ 
inch. Now, to find the work which would alone produce this velo- 
city, we must have an equation of vie viva, excluding the retarding 
force. 

By the ordinary rules for calculating the rectilineal motion of 
bodies, if a given mass M originally at rest be acted upon at its 
centre of gravity by one uniform force / moving througn a space 
x in the time /, 

2 M x = ft*. 

Suppose the force to be that of a small weight. The mass of this 
weight will be found (on substituting numerical values and putting 
gravity = 32) to be only the 32d part of M, if the latter move 
through l£ incn in half a second. 

The beam is usually constructed to bear a pressure considerably 
exceeding its own weight. In that case less then one 32d of the 
work actually exerted by the travelling weight would suffice for 
the mere acceleration of the beam : and we come to the conclusion, 
that even at the highest practicable velocity, the power requirea 
to set the beam in motion subtracts very little of the power 
producing deflection. In other words, when the mass of the load 
is not small compared with that of the beam, the deflection is 
never materially influenced by the inertia of the beam. 

Influence qf the Velocity of Transit on the Deflection 
in the case of a Single Weight. 

Having arrived at the important conclusion that when the 
travelling weight is large, the inertia of the beam is an immaterial 
consideration, or that the effective moving forces are inconsiderable 
compared with the impressed forces, we might suppose the mutual 
pressure between the t>eam and the weight statically equal to the 
force which the former by its elasticity exerts in an upward 
direction to resist deflection. 

But, in fact, the mutual pressure between the beam and the 
weight is an unknown force, not generally susceptible of exact de- 
termination. During the first part of the motion, the weight does 
not, so to speak, exert its full pressure on the beam, for the 
surface yields and recedes before it. During the latter part of the 
descent, on the contrary, the pressure in question exerts a supe- 
rior power, to destroy tne momentum previously acquired by the 
descending weight. The weight then moves downwards, first 
with an accelerated, and subsequently with a retarded, velocity : 
or the pressure on its under side is in the former stage of motion, 
less, and in the latter stage greater, than the effect of gravity. 

The path of the weight is likewise unknown, for the motion is 
made up of two parts— the motion along the beam, and the motion 
of the beam itself. If, indeed, it be assumed that the motion is 
always along the beam, or that at every instant the curvature of 
the beam has. at the point of mutual contact, the same tangent as 
the path of tne weight, the problem would be capable of solution. 
The investigations of Professor Moseley and M. Navier have de- 
termined the curvature of the beam sufficiently to afford means of 
tracing the curve described by the moving weight ; and therefore 
its pressure, which is equal to its centrifugal force + the effect of 
gravity, might be ascertained. 

The hypothesis which would lead to these results is, however, 
arbitrary and unsafe : and besides, the curvature of the beam as 
mathematically determined, is not exactly that which occurs in 
actual practice, where the elasticity is always more or less imperfect. 
The difficulty is however of no great importance, because, as will 
be presently shown, it does not occur where the moving body is not 
a single weight, but a long train. And the subject is here referred 
to, merely to snow the almost insuperable difficulties of determin- 
ing the motion of a single weight along an elastic beam. 

Uniformly Distributed Load. 

We have hitherto considered the effect of a single weight press- 
ing only at one point of the girder. The more important practi- 
cal case, where the pressure is applied to a considerable surface, 
remains to be examined. 


In entering upon this inquiry, the consideration of horizontal 
motion will be in the first instance excluded. The distinction 
between the effects of gradual and instantaneous loading has been 
already pointed out, in reference to a single weight ; and the 
comparison may now be extended to the case of an uniformly 
distributed load. If this load be gradually laid on, it produces less 
deflection than when laid on all at once. A series of weights applied 
simultaneously all along the undeflected girder, will move vertically 
downwards, and acquire momentum which has to be destroyed by 
an increased exertion of the elastic forces of the girder. In this 
case, as in that of a single weight, the ultimate deflection and 
pressure will be doubled, as will be demonstrated by analogous 
principles. 

The beam being, as before, supposed to be perfectly elastic, the 
central deflection is proportional to the weignt of the uniformly 
distributed load. If a be the length of the beam, x the central 
deflection, u the weight of a unit of length of the load, we may 
put ua = ax, where a is a determinate constant. 

Let x*, yf be co-ordinates of any point in the surface of the 
beam, which is supposed to have the same curvature as its neutral 
axis. Then as the curvature is always exceedingly small, udyf is 
the weight of an element of the load ? and udy dxf represents 
the product of this weight and its virtual velocity, when the 
centre of the beam is displaced through a small vertical distance 
dx. The product of all the pressures and the corresponding 
virtual velocities is equivalent to 

J * udx'dy', 

taking %f between the limits 0 and a. It_may mathematically be 
shown that this integral is equal t o ua dx, where x is the vertical 
ordinate of the centre of gravity of the load. Also, from the 
equations given by Professor Moseley, in his “ Principles of En- 
gineering, Art. 374, it may be shown by a simple process, which is 
here omitted for the sake of brevity, that x is proportional to x, 
and may therefore be put = fix, where fi is a determinate constant. 

Hence, u a dx = a fix dx. 

The integral of this, between limits 0 and x, is the total work 
done in producing the central deflection. This integral is equal to 


afi 


X* a X — 
2 2 * 


Or the “ work done* is equivalent to that produced by a weight 
which would statically maintain half the deflection, moving 
through the whole space which the centre of gravity actually de- 
scribed. Hence, by the same reasoning as applied to the case of a 
single weight, the statical deflection and pressure are doubled by in- 
stantaneous loading. 

Transit of a Continuous Load. 

By combining the conclusion just arrived at with the principle 
which has here been termed the Principle of the Conservation of 
Work, it is readily seen that the statical strain and deflection 
cannot be more than doubled by the transit, at any horizontal 
velocity, of a uniform load of the same length as the girder. 
Indeed, the dynamical will in general be considerably less than 
double the corresponding statical effects. 

It has been shown that where the weight of the load sustained 
is nearly as great or greater than that of the beam, the force 
required to produce motion in the beam is inconsiderable compared 
with the actual deflecting forces. The beam itself, therefore, is then 
always nearly in a state of equilibrium, and its form nearly the 
same as that which would be statically produced by the external 
pressures. If this be assumed to be strictly true, it follows that 
the curve of deflection is concave in every part, and therefore that 
no part of the beam sinks while another part is rising — that aU 
the parts sink together, and all rise together. The vertical 
motion is so extremely small and gradual, that there can be no 
danger in assuming that all the parts arrive at their lowest 
positions at the same instant. It follows then, as previously to 
that instant the motion was downwards, and subsequently upwards, 
the beam in its lowest position is at rest, either instantaneously or 
for a definite period. 

In this position of rest, the pressures on the surface of the 
beam are in statical equilibrium with its internal forces. At the 
same time, the pressure produced by the travelling load is the 
same as if the curve of deflection were a fixed curve. 

Effect of Centrifugal Force . 

When a body, moving along a fixed curve ? is acted upon by no 
forces but the pressure of the curve and its own weight, the 
pressure on the curve (by the known principles of mechanics) is 
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equal to the centrifugal force, plus the normal component of the 
weight. The curvature of a deflected girder is in general so ex- 
ceedingly small, that it will be quite safe to assume the pressure 
equal to the centrifugal force, plus the weight itself. Tne curve 
assumed by the surface of the Deam depends on the forces acting 
on it ; ana we here suppose the beam to be at res/, although the 
load upon it is in motion. Hence, the elastic forces of the beam 
are in statical equilibrium with the pressures on the curve. 

The origin of co-ordinates being at one end of the beam, and the 
axis of a?, measured vertically downwards, at any point (a?, y) of 
the curve, the tangent of the angle of horizontal inclination is 
d x 

— , which is always very small. Hence, neglecting the square of 
ay 

that quantity as inconsiderable compared with unity, we may 
put the inverse of the radius or curvature at the point | 

(ar, y) = — (The sign never changes, as the curve is every- 

where concave upwards.) 

d 2 x 

From the theory of perfectly elastic beams, it appears that - — - 

dy * 

is, at every part of the beam, proportional to the moment about 
(*, y) of all the pressure acting between that point and either ex- 
tremity of the beam. Here, the pressures between ( 47 , y) and the 
origin are the centrifugal forces and the weights acting downwards, 
and the pressure of the abutment acting upwards. The moment 
of all the centrifugal forces may be first ascertained. 

Each small portion of the load may be supposed to act inde- 
pendently of the rest, or to press on the curve with its own weight 
and its own centrifugal force. Let m be the unit of mass ; and 
therefore, at any point ( V \/\ intermediate between (ar, y) and the 
end of tne beam, mdyf the mass of an element of the load. 
Calling V its linear velocity, it appears from what has been 

already said about the radius of curvature, that V* ~-rmd\f is 

dy* 

the centrifugal force of that element. The moment of this 
d* x* 

centrifugal force is - V 1 . (y— y* ) 01 dy'. 

The moment of all the centrifugal forces about point (.r, y) will 
be found by integrating this expression between the limits \f = 0 
and yf =2 y. So it may be ascertained that the moment of these 
forces is 

m V 1 (y tan /9— ar), 

where & is the horizontal inclination of the curve at the origin, 
y tan is the length of a vertical line drawn downwards from 
the point (ar, y) to meet the tangent drawn from the origin ; and 
is very small. 

The weight of the portion of the load upon the horizontal 
length of the beam y, is mg y; and its moment about the point 
(a?, y) is the same as if the weight were collected at a point half 

way between (x,y) and the origin, and therefore equals 

Also, if P be the pressure of the abutment, Py is its moment; and 
representing the constant, by which the radius of the curvature has 
to be multiplied to render it equal to the sum of the moments, 
by E I, we nave— 

E I ^ = mg | — P y + to V* (y tan $-x). 

This equation is integrable in its present form ; but as the last 
term 01 it is very small, we may make an alteration which will 
tend very much to the simplicity of the results. The centrifugal 
pressures cannot under any circumstances be great compared with 
the other forces, as may readily be foreseen by considering that in 
all cases of actual practice, the curvature is very small on account 
of the very small proportion which the central deflection bears to 
the length of the beam. For any central deflection preciously assigned , 
the curve would be very little altered if the centrifugal pressure 
were uniformly distributed. Therefore, in the above equation, 
the small term m V* (y tan 8~x) is neglected in estimating the 
radius of the curvature merely. Now, it appears from the ‘‘Me- 
chanical Principles of Engineering,” Art. 374, that when the beam 
Is subject to any uniformly distributed pressures whatever, 

#x _ 24 D 

dy* = - 5 ^- (* r - «y), 

where a is half the length of the beam, and D is its central de- 
flection. The curvature of the beam, when it assumes its perma- 
nent form under the influence of a passing load, will not greatly 


differ from that which this equation indicates. Of course, this 
hypothesis does not suppose tne distribution of the centrifugal 
pressures to be actually uniform — it merely presumes that the 
curvature of the bea m,for a given deflection^ is nearly the aa 
if the pressures were so distributed. 

From the equation last given, the value of at the centre, 

24 D y 

is — — — r* Therefore, at the centre, a weight moving with 


10 a 1 


velocity V, has a centrifugal pressure = V* f times its mass. 

10 a* 

To ascertain the whole effect of centrifugal pressure, we have 
evidently the expression 

~S m v * = 

integrating between limits y = 0 and y = 2 a. 

From this, it appears that the total centrifugal pressure 

32 D 1 V 1 

= -^10 a, which becomes m g a— ^ D, ify — 39 

Now, if T be the number of seconds in which either end of the 
V V* 4 

load traverses the beam, ^ = 2 a, and — . Substituting 

this value, and remembering that the total weight on the beam 
is 2 my a, we find ultimately, 

Centrifugal pressure on whole beam = 5 Jjr, X the weight . 

What very strongly confirms this conclusion, and shows that no 
materially great error is contained in it, is the consideration that 
if the curve had been supposed to be a circular arc passing through 
the middle and two ends of the curve, the effect of centrifugal 
pressure would be almost the same as the above formula gives it. 
The only difference (as will be seen hereafter) would be, that in 
the formula we must substitute £ for £. When it is considered 
how exceedingly small the curvature of the beam must necessarily 
be in all practical cases, it becomes clear that a circular arc of 
large radius would represent the curve with at least tolerable ao- 
curacy. At all events, that assumption furnishes a safe teat of 
the foregoing conclusions. 

Rule for Calculating (he Pressure. 

The formula then gives all the information that can be generally 
required, respecting the influence of the velocity of the train, or 
its pressure on the deflected girder, when the mass of the former 
is not small compared with that of the latter. Put into ordinary 
language, the formula amounts to this — that when a long uniform 
load moves over a girder which is perfectly elastic , originally horizontal^ 
the greatest pressure on the girder is that of the weight on it at any 
time + a small fraction qf that weight, which fraction is found by 
dividing one-fifth the deflection ( in parts of a foot ) by the square qf 
the number of seconds in which either end qf the load traverses the 
girder. 

In order to give a clear idea of the value of the formula, and to 
show how small the influence of velocity generally is, one or two 
practical applications may be given. 

A heavy train moves over a girder 88 feet long, at the rate of • 
mile a minute, and the observed deflection is one-third of a foot. 
To find the pressure on the girder. 

In this case, either end of the train moves over the girder in 
one second. The square of the number of seconds is therefore 1. 
The deflection is £. Therefore, the fraction of the weight is 
Or the extreme pressure on the girder is one-fifteenth more than 
the weight on it at any time. 

A train moves off a girder in three-fourths of a second, and the 
observed deflection is one-fourth of a foot. 

Here the square of f is -fo. One-fifth the deflection is ^ ; and 
^ divided by -ft gives £ ; or the pressure is not quite one-twelfth 
more than the weight at any time on the girder. 

These instances give the dynamical pressure as large as it is 
ever likely to be with a properly-constructed girder-briage. They 
consequently show that tne dynamical pressure of heavy loads, 
even at high velocities, very little exceeds the statical ; and at low 
velocities, differs from it onlv in an inappreciable degree. 

It will be observed, that it the velocity be indefinitely increased, 
or T in the formula indefinitely diminished, the dynamical pre»- 
sure is indefinitely increased. But the formula virtually excludes 
these hypothetical cases ; for the investigation proceeded on the 
assumption that the centrifugal pressures are comparatively small, 
and that the whole pressure produces but a small deflection. 
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Defect of Elasticity . 

It now remains that something be said of the defect of elasticity, 
and the modifications of the above results when applied to jointed 
or compound structures. The ordinary mathematical theory of 
the girder is based on the law of perfect elasticity, known as 
Hooke's law — namely, that the elastic force is proportional to the 
extension or compression. 

It appears from experimental inquiries, subsequent to, and more 
extensive than, Dr. Hooke's, that this law is not quite true. The 
elastic force is in reality less than the law would assign it to be. 
Mr. Hodgkinson, in his recently published “ Researches on Cast- 
Iron,** Art. 106, seems inclined to think that the elastic force may be 
expressed by a x — b x 3 , where x is the measure of compression or 
extension, and a and b constant empirical co-efficients. That this 
hypothesis is near the truth may be inferred from the considera- 
tion, that if the elastic force be expressed by a series in ascending 
powers of ar, all terms involving high powers must be very small, 
as the elastic force is always nearly equal to the first term, and x 
is very small. It may, however, be worth while to remark, that if 
ax — bx 7 be taken to express correctly the elastic force, the 
same value of jt, which reckoned positively gives the tension, will 
not, when reckoned negatively, give the same value for the pres- 
sure. In order that this may be the case, only uneven powers of 
x must be involved. 

But whatever law of elasticity be assumed, this is easily ascer- 
tained — that where the elasticity is imperfect (that is, where it is 
less than in proportion to the extension or compression^, the de- 
flecting pressure of a girder will be less than in proportion to the 
deflection. In cast-iron girders, cast in one piece and in metal of 
good quality, the defect of elasticity is small ; and consequently 
the deflection is pretty nearly proportional to the pressure. But 
in jointed structures, compounded of several parts connected by 
rivets or bolts, this is by no means the case. In them, the defect 
of elasticity must be great ; and the deflection will therefore in- 
crease at a considerably higher rate than in proportion to the 
external pressure. If a load of £00 tons produce in a compound 
girder £ inches deflection, 300 tons will produce considerably more 
than 3 inches deflection. Or, if 300 tons produce 3 inches de- 
flection, 400 tons will produce considerably more than 4 inches 
deflection. Hwo much more can be ascertained only from actual 
experiment. 

It is very important that this distinction between simple and 
compound girders should be always taken into consideration, for 
the neglect of it would lead to very erroneous conclusions respect- 
ing the strength of structures or the latter kind. As cases in 
point, may be instanced calculations respecting the strength of 
girders formed in three pieces and supported by tension-rods. 
Formul® which determine the strength of simple, unjointed 
girders, are inapplicable to these structures, and are not likely to 
give even an approximation to the amount of their real strength. 

Where, however, the compound-girder is so well constructed, j 
that its curvature, when deflected, is regular and free from sudden 
inflections, the formula given above for the dynamical pressure of 
long trains on perfectly elastic beams, will apply with considerable 
accuracy. For the deflection being previously assigned, is a safe- 
guard against any very great error. That deflection being small, 
the curvature will also be small ; only, on account of the defect of 
elasticity, it increases coeteris paribus more rapidly towards the 
centre of the beam, than it would if the beam were perfectly 
elastic. Consequently, the pressure towards the centre is compa- 
ratively greater in the compound, than in the simple girder : and 
pressure towards the centre is more effectual in producing deflec- 
tion than pressure near the ends of the girder. 

Consequently, there are two reasons why velocity increases the 
deflection of a compound, more than that of a simple, girder. In the 
first place, on account of the defect of elasticity in tne jointed struc- 
ture, its deflection increases in a higher degree than in proportion to 
the external pressure. Secondly, that external pressure is of neces- 
sity greater for the jointed than for the simple girder, because in 
the former the curve is sharper towards its centre. Velocity of 
transit has therefore much greater influence on the security of 
girders of the former, than of the latter kind. 

It would have been satisfactory to have been able to confirm the 
results of these investigations, by reference to actual experiments. 
Unfortunately, however, there are at present but very scanty data 
for the purpose. An account of two experiments made on the 


Dee-bridge, of the Holyhead Railway, is all that can be cited. 
These experiments are described in a Report to the Commissioners 
of Railways, 15th June, 1847. An engine and tender, about 30 
tons weight, passing over the bridge at 15 miles an hour, produced 
“ a deflection nearly the same as with the engine at rest— vis.* 


from £ to l-«y of an inch." In another experiment u an engine 
and train of 48 tons, at rest, gave a deflection of £*4 inches ; while 
the deflection caused by the same train at a speed of 15 to £0 
miles an hour, was only 1 | of an inch." 

These accounts do not however furnish much information 
suited to our present purpose. In the first place, the experiments 
were made on a jointed structure of a complex nature, and of 
which the deflection appears, even from this brief account, to have 
followed no simple law. Moreover, in the first experiment, the 
deflection is not actually determined : it is merely said to have been 
from } of an inch to three-sixteenths more; and in both, the 
mass of the girder greatly exceeded the mass sustained. All the 
inference that can be drawn is, that velocity did not veiy materially 
influence the deflection, but that the deflection was diminished at 
the highest velocity, the load sustained being comparatively light. 

Means of Diminishing the Dynamical Pressure . 

When a ball moves along a perfectly horizontal surface, the 
pressure on its under side is just equal to its weight, for this 
simple reason — that if the pressure were greater, the ball would 
rise ; if less, sink. 

In the same way, if a train moved along the surface of a girder 
which remained perfectly horizontal during the transit, its pres- 
sure would be just equal to its weight. But the train generally 
sinks a little, and acquires a momentum downwards, which has to 
be destroyed by increased pressure. The simplest precaution 
against this effect is — not to remedy it — but to prevent its exist- 
ence. Suppose it be found that, when a certain weight travels 
along a certain girder which is originally perfectly horizontal, it 
produces a deflection of three inches at its centre : then, if the 
rails had a rise given them of three inches towards the centre, it 
is clear, that when the same weight travelled over them, it would 
be no lower when at the centre, than when at either end, of the 
beam. 

Suppose now the reverse case — that there is a hollow or de- 
pression originally in the beam. Then, when the weight passes 
over the beam, it sinks the distance of this original depression, in 
addition to the deflection produced by pressure. Hence, the 
downward momentum is materially greater than if the beam had 
been perfectly horizontal originally. Or, to take another view of 
the question, the original hollow or depression, added to the de- 
flection, increases the curvature of the beam, and therefore the 
centrifugal pressure of the load. Either way, then, of viewing 
the effect of the hollow, either in increasing the momentum down- 
wards, or in increasing the centrifugal pressure, leads to the same 
result — that the pressure is increased. Mathematically, these two 
views of the case coincide. 

It is seen, then, how extremely important it is that there should 
be no original hollow in the beam. On the contrary, it is advan- 
tageous that its surface should be convex, instead or concave — or 
should have a camber. In this case, the centrifugal pressure would 
act upwards instead of downwards ; so that the pressure, instead of 
being greater than the weight, would be less at nigh speeds. 

There is a very simple way of calculating this diminution, or of 
estimating the centrifugal force. And it may be remarked, paren- 
thetically, that the method about to be given is useful for many 

n oses besides that to which we are to apply it. For example, 
irnishes most simple and ready means of ascertaining the 
horizontal pressure on the flanges of the wheels of carriages going 
round railway curves. 

If a be the length of the chord of a circular arc. which is of 
large radiua and x its lineal versed-sine, or the length of the per- 
pendicular drawn from the centre of the arc to the chord, it will 

A* 

be found that the radius nearly equals — . 

Sx 

Now, if V be the velocity of a mass m, moving round this curve, 

8 x 

its centrifugal force becomes m V* — ; and if T be the number of 

seconds in which any part of the mass describes the distance a, 
V* 1 

— =r 7 ^ . Substituting this value, and putting g = 3 £, the cen- 
trifugal force is equal to X the weight. This formula applies 

to horizontal railway curves, as well as to the vertical curves of a 
beam. Confining attention however to this application of it, we 
see that a very considerable reduction of the pressure of the 
weight may be effected by curving the upper surface of the beam. 
Suppose, for instance, that the time oi transit were one second 
(T = 1 ), and that it were practicable to give the rails such a 
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convexity that the rise at the centre was one foot ( 4 ? = 1). 
Then, from the formula, it appears that the centrifugal pressure 
would be one-fourth the weight, or that only three-fourths the 
weight pressed on the beam. 

It may be remarked that this law has most important effects on 
such stupendous structures as the tubular bridges for the Chester 
and Holyhead Railway. The Conway-bridge, after it was con- 
structed, sank eight inches at the centre by its own weight ; this 
depression was anticipated and corrected by a previous upward 
convexity of the tube. But in this, and all analogous cases, a rise 
or convexity, considerably exceeding the natural depression, would 
tend greatly to security : because, the curve beiim convex, an in- 
crease of tne velocity would diminish, instead of increasing, the 
pressure of a given load. It may therefore be safely asserted, 
that it contributes to the security of girders to give their upper sur- 
faces as great a convexity as is consistent with other practical require- 
ments. 

General Conclusions. 

At the close of these investigations, it may be convenient to 
recapitulate the general conclusions derived from them. They 
comprehend the following laws for the motion of very heavy loads 
at practical velocities over horizontal girders. 

1. If the girder be perfectly elastic, the pressure exceeds the weight 

on the girder by a fraction of the weight, not more than one- 
fifth the actual deflection (in parts of a foot), divided by the square 
of the number of seconds in which either end of the load traverses 
the girder. , . 

2. In compound and imperfectly elastic girders this fraction is 

increased. # , 

3. The influence of the inertia of the beam on its deflection is in- 
considerable. . _ . 

4. In all girders, a convexity of their upper surface, or rise of the 
rails from end to centre, may be made to materially diminish the 
pressure. 

These conclusions will, it is believed, furnish a tolerably accurate 
idea of the influence of moving loads upon railway girders. The 
only subject on which no definite investigation has been here at- 
tempted, is the defect of elasticity in jointed girders. The modes 
of construction of compound girders are so numerous, that to es- 
tablish any general law respecting them is obviously impossible— 
no accurate knowledge can be derived of the law of elasticity or 
deflection in these cases, but by direct experiment. 

No pains have been spared to render the views here expressed, 
correct. They have occupied many months of reflection^ and 
have been subjected to the careful revision of the author s ma- 
thematical friends. As the great object has been to exclude all 
operose mathematical investigations, it will be readily understood 
that the subject, by constant corrections and simplifications, has 
assumed an entirely different shape to that originally given to it. 


ON MR. CLARKE'S SURVEYING PROBLEM. 

The problem proposed and solved by Mr. Clarke, in last ™ 0I L^® 
Journal, p. 230, is by no means so new as he appears to thinK. 1 ne 
form under which the problem is most usually presented, is • 

Given the base and the angles at the base ; to find the perpendicular t 
and the segments into which it divides the base. 

Mr. Clarke's angles £ and 0 are the complements of the angles at 
the base of the triangle C A D, as is obvious. his figure, p. 

following inveitigation of the question is taken, almost 
literally, from the 18th edition of “ Hutton s Course : and it will 
be at once perceived to be more brief and simple than Mr. Clarice s. 



p ~ 1 D A B 'A 

Let C D be the perpendicular from the vertex to the base*, and 
denote the angles of the triangle, as usual, by A, B, C, respectively. 
Then, by right-angled triangles, we have— 

C D cot B + C D cot A = c, or 

c c sin A sin B c sin A s in B 

^ D = cot B + cot A sin (A + P) sin C 


This value of C D is often required in problems of this class, 
giving (in Mr. Clarke's illustrative example) the horizontal distance 
of the point of observation from the observed object. It likewise 
as frequently occurs in determining the height of an object, as a 
hill, upon a horizontal plane. 

From substituting the above value of C D in the equations, 
A D = C D cot A, and BD = CD cot B, we obtain 

. _ c cos A sin B . „ ~ c sin A cos B 

AD = r- 7 s — , and BD= -r— ^ . 

sin C sin C 

I have left these expressions in sines and cosines, Instead of 
changing the denominator into the factor cosec C. There is no doubt 
that the better form of working, when C does not contain seconds 
(with the ordinary tables I mean, for surveyors seldom use tables 
to seconds), is the form which Mr. Clarke has adopted : but in the 
other case it is somewhat questionable. 

As, however, this is a mere question of experience — perhaps, too, 
of habit— every one should adopt the plan he can most easily use. 

This mode of treating such problems is, in fact, the same with 
finding the co-ordinates of the point of observation, referred to the 
horizon and the vertical object observed. I have often been led to 
think, that if the greater part of the problems (if not all) which occur 
in surveying were systematically treated, according to the calculus 
appropriate to the co-ordinate system, the processes of computa- 
tion would be considerably improved. Even were the actual work 
not materially lessened, the systematising of the entire class of pro- 
blems would be in itself a great practical advantage. 

When, however, we confine ourselves, as Mr. Clarke has done, 
to finding the difference of levels, a still shorter method of operating 
may be used, for it requires one reference less to the tables. It 
may be thus investigated. 

Let M be the middle of A B ; denote A B by 2 a, and M D by jt • 
Then (fig. 2) AD = x — o, and B D = x + a; whence 
A D tan A = CD = BD tan B, becomes 
(4? — a) tan A = (4? + a) tan B, or 

x — a tan B a sin (A + B) 

# + a tan A ^ 5 sin (A — B) 

A corresponding form, adapted to the case represented in fig. 1, 
is deducible in the same way ; but further notice of it here is unne- 
cessary. A formula so simple, and so easily derived, can scarcely 
be new. Still, I do not recollect to have noticed it elsewhere. 

Another variation of the Bame general problem is often useful. 
It is, where the segments of the base A B, and the angle C, are given , to 
find the perpendicular C D, 



Put DA = a;DB = b; AC B = 2y ; let C D bisect BCA ; 
and denote N C D by 6, and C D by 4?. Then we have 
BCD = 0 + 7, and AC D=+ (0 — 7); 
and a s= + x tan (0—7) ; b = x tan (0 + 7)* 
Wherefore, 

„ + tan ( 0 — 7 ) _ , sin ( 0 — 7 ) cos (0 + 7) _ + 8m20--8in27 

6=“tan(«-pT) -ciT(9 + 7) sin («-?) - sin 80 + sin** 

a — b . 

and hence, sin 2 0 = + - ^ sin 2 7. 

Whence the angle 0 becomes known, and is very easily com- 
puted ; and hence the perpendicular C D is obtained from either 

of the preceding equations, 

m == + o cot (0 — 7 ), * = 6 cot (0 + 7). 

_But I need not further dilate on so simple a subject. 

Ubxque. 

6th August , 1848. 
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THEORY OF STEAM-ENGINES. 

Account of the experiment* to determine the principal law* and 
numerical data which enter into the calculation of Steam-Engine*. 
By M. V. Regnault. 

(Continued from page 240 ,J 

Second Memoib. — the determination of the density of gases. 

The common method of determining the density of a gas consists 
in weighing a glass globe of great size : — 

1st. When the globe contains perfectly dry air of a known tem- 
perature, and under a known atmospheric pressure : 

2nd. After having exhausted it by means of the air-pump, so 
that the inclosed air exerts only a very feeble pressure, which, as 
well as the corresponding temperature, is noted : 

3rd. After having filled the globe with the gas perfectly purified, 
the atmospheric pressure and temperature being again noted : 

4th. After having again exhausted the globe, noting, as before, 
the pressure and temperature. 

By which four weighings, and their accompanying observations 
of pressures and temperatures, all the data necessary for deter- 
mining the density of the gas are given. But this method requires 
the exact knowledge of several elements, the determinations of 
which present generally great uncertainty. 

In tne first place, the temperatures which the air and the gas 
present at the moments of closing the globe, must be very exactly 
known ; but the method generally used of having a thermometer 
laced near the globe is very defective : the temperature indicated 
y the thermometer may be totally different from that of the air 
in which it is bathed, and still more so from that of the gas which 
fills the globe. 

MM. Dumas and Boussingault, who have lately (Ann. de Chim. 
et de Phy *., 3d *brie t tome hi., p. 270) very successfully endea- 
voured to determine the densities of certain gases, place the ther- 
mometer intended to indicate the temperatures of tne gases in the 
very centre of the globe ; and for more security, they cause that 
temperature to be almost constant, by placing the globe in an 
inclosure formed by a large cylindrical vessel of zinc with double 
walls. The annular space left between the walls is filled with 
water, at a temperature differing but little from that of the sur- 
rounding air. With this arrangement, we may admit that the 
temperature of the gas is known with sufficient accuracy. 

But the greatest uncertainties exist in the weighings of the 
globe ; for we must weigh the globe in the air, and, to have its 
true weight, we must add to its apparent weight that of the air 
which it displaces. And, in certain cases, this latter weight is 

f reater than that of the gas which fills the globe, so that it must 
e known with at least equal exactness. We are, up to a certain 
point, masters of the gas which we pass into the globe. We may 
prepare it so as to be sure of its purity ; but it is not so with the 
external atmosphere ; we are obliged to take it as it is. In a close 
chamber the air may change its composition very perceptibly ; its 
temperature, and the quantity of moisture which it contains, very 
incessantly. MM. Dumas and Boussingault thought that they had 
completely avoided the errors arising from this source, by placing 
below their balance a large chest lined with lead, in which the 
globe suspended from one of the scales of the balance floats. A 
very sensitive thermometer is placed in this chest, and gives the 
temperature of the air. This arrangement is certainly far prefer- 
able to allowing the globe to hang freely in the air of the room • 
the globe suspended in the chest is kept from the currents of air, 
which render the weighings very uncertain, and the temperature 
of the air in which it is placed changes but slowly j but it does 
not do away with the errors arising from the changes in the com- 
position of the air, and these are by no means negligible, especially 
when we are working with very light gases — such, for instance, as 
hydrogen. 

At the same time that MM. Dumas and Boussingault were 
weighing gases, M. Regnault was also engaged in the determination 
of the density of steam under different pressures, and especially 
under very feeble pressures. He was struck with the uncertainties 
which the ordinary methods of weighing gases present, especially 
owing to the alteration of the density of the surrounding air, which 
seems to have attracted but little attention from men of science, 
and he was led to a method which presents a degree of certainty 
and precision which those heretofore used do not offer. 

He avoids completely, and by a very simple artifice, the uncer- 
tainties which arise from the changes in the air in which the globe 


is weighed. In place of equipoising it by means of weights on the 
opposite scale, he balances it by means of a second hermetically*- 
sealed globe of the same kind of glass, hung from the opposite 
scale. All the variations which take place in the air then affect 
the two globes in the same way, whether they arise from changes 
of temperature, barometric pressure, or composition of the atmo- 
sphere. It is not, therefore, required at the moment of weighing 
to watch the thermometer, barometer, and hydrometer ; it i6 suffi- 
cient to wait until the two globes are in equilibrium of temperature, 
and when this is the case, it continues indefinitely. We have, in 
consequence, a very definite character by which to know when to 
read the weighings. This method presents also another advantage, 
that is, of avoiding the error arising from the different amount of 
moisture deposited upon the globe during different weighings. As 
the globes are made of the same glass, and equally dried before the 
commencement of the experiments, they may be assumed to con- 
dense the same amount of moisture when bathed in the same air, 
and consequently will remain in equilibrium. 

The globes had a capacity of about 10 litres (2*2 gallons). The 
globe in which the gas is to be weighed has a stop-cock adjusted to 
it, so that it may be exposed to the temperature of boiling water 
without leakage. It is weighed when full of water, first in the air, 
and afterwards in water of the same temperature as that which it 
contains ; thus is obtained the weight of water displaced by the 
globe. 

The balancing globe is so selected that the weight of water dis- 
placed by it is rather less than that of the first, even after the 
addition of its metallic mounting by which it is hermetically sealed, 
and hung from the opposite balance scale ; there is then added to 
it a glass tube of such capacity as that the weight of water dis- 
placed by it shall just make up tne difference. 

Before closing the second globe, a quantity of mercury was intro- 
duced into it so as to render it about 10 grammes (154*38 grains 
troy) heavier than the other. The two globes thus adjusted were 
submitted to several tests, in order to be sure that they satisfied the 
required conditions ; they were left hanging for fifteen days under 
the balance scales, and the equilibrium was rigorously maintained 
all this time, although in the interval the temperature of the air 
had changed from 0° to 17°, (32° to 62*5° Fahr.,) and the barome- 
tric pressure from 741 to 771 millimetres (29*6 to 30*8 inches.) 
The general mode of operating was as follows : — A vacuum as 
complete as possible being made in the globe, it is placed in com- 
munication with the apparatus for producing the gas whose density 
is to be determined, and the stop-cock is opened in such a way that 
the gas in the apparatus preserves a slight excess of pressure. 
When the globe is filled with gas, it is again placed in communica- 
tion with the air-pump, a verv perfect vacuum made, and it filled 
a second time with the gas. In order to avoid any correction for 
temperature — a correction which would require the knowledge of 
the co-efficient of dilatation of the gas, and that of the globe — the 
globe is placed in a zinc cover and completely enveloped in melting 
ice. Before closing the globe, it is placed in direct communication 
with the atmosphere, so that the gas may place itself in equilibrium 
with the exterior pressure. 

The globe taken out of the ice is carefully washed and dried, and 
hung from the scale of the balance. It requires a long time (often 
more than two hours) for the globe to take exactly the temperature 
of the surrounding air, and for its surface to cover itself with its 
normal amount of moisture. The balance used was able to appre- 
ciate with certainty a half milligramme when charged with one 
killogramme upon each scale. 4 It was placed over a large chest, 
such as used by MM. Dumas and Boussingault. At the end of the 
weighing, the observer did not approach the balance, but observed 
the oscillations of the index at a distance, with a telescope. 

M. Regnault then notices the electric effects produced by wiping 
the globes, and the effects upon the weighings ; he avoided it by 
wiping the globes with a napkin dipped in distilled water, and 
tested them by the gold-lear electrometer. The pressures were 
measured by an apparatus which he describes under the name of a 
barometric-manometer. It consists of two tubes, one of which ia 
an ordinary barometer of 20 millim. (0*8 in. diameter,) made very 
carefully ; the other is a glass tube of the same diameter, which 
may, by a lead tube, be connected with the vessel in which pres- 
sures less than that of an atmosphere are to be measured , they 
plunge below into a cistern of mercury having a partition, so that 
the two instruments may be separated at pleasure by drawing off 
the mercury in the cistern of the manometer below the top of the 

* That It, aenetble to one four-millionth of the total load. Qucre, whether this tenet- 
bility wee determined after the globes had been hanging from the eceies, and the balanee 
In action for fifteen days ? 
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partition ; this is necessary during the exhaustion of the globe, 
and the re-admission of the gas, for these operations produce such 
great oscillations in the barometer as to introduce small quantities 
of air into the instrument, and thus vitiate the vacuum. The ex- 
hausted globe is weighed with the precautions that have been 
indicated. If P represent the weight of the gas when the barome- 
ter stands at H, and p that weight when the elastic force in the 
globe corresponds to a barometric height h> the weight of the gas 

760 

at 0°, and under the normal pressure of 760 mil., is (P— p) 

To obtain a new weighing of the same gas, the exhausted globe, 
enveloped in ice, is placed in connection with the apparatus for 
generating the gas, and the series of operations whicn have been 
pointed out, repeated. The gas thus becomes purer at each opera- 
tion. M. Regnault found that it is only from the fourth filling 
that the gas presents rigorously the same weight. It is desirable 
to satisfy one s self whether the gas upon which we are operating 
follows the law of Mariotte, at pressures below those of the atmo- 
sphere : this verification is absolutely necessary if the density of 
the gas is to serve for the determination of atomic weights. For 
the law of the volumes of gases, and the simple ratios which exist 
between their densities and atomic weights, exist rigorously only 
at the limit — that is, in a state of extreme dilatation ; we must 
therefore see whether the anomoly in these laws does not commence 
already near the atmospheric pressure. 

This is done by measuring the weight of the gas, with great care, 
at different degrees of elastic force, as marked by the comparison 
of the manometer and barometer. 

Finally, by this means we may determine the weight of the gas 
which fills the globe at the temperature of 100° and under atmo- 
spheric pressure, and thus determine the density of the gas when 
compared with air at 100°. This new density must be exactly the 
same as that calculated for 0°, in order that it may serve in the 
calculation of the atomic weights ; for it is necessary for this pur- 
pose that the gas should have the same co-efficient of dilatation as 
the atmospheric air ; at all events the weight of the gas which fills 
the vessel at 100° compared with that which fills it at 0°, permits 
us to calculate the co-efficient of the dilatation of the gas.* 

A pain, in order to determine whether the gas follows the law of 
Mariotte, at the temperature of 100°, we have only to repeat the 
former experiments, filling the globe at this temperature, instead 
of at 0°. 

M. Regnault then recapitulates the advantages of this method, 
which are, — that it gives the density of the gases with more preci- 
sion, and far less trouble, than the methods formerly used ; it gives 
these densities at identical temperatures at 0° and 100°, that is, at 
the fixed points of the thermometer, and consequently gives 
immediately the co-efficient of dilatation of the gas ; and, finally, 
it permits us to determine with great exactness, whether the gas 
follows the law of Mariotte, at the temperatures of melting ice, 
and boiling water. 

He then proceeds to give the detail of all his experiments, with- 
out a single exception, in order to allow the reader to judge of the 
degree of precision obtained by this method. It is not necessary 
that we . should give these details — or those of the processes by 
which M. Regnault purified his gases ; they were such as might be 
expected from one so familiar with all the minutiss of physical 
science. 

He first determined by nine experiments the weight of pure 
atmospheric air, freed from carbonic acid and watery vapour, which 
filled nis globe at the temperature of 0°, and under the barometric 
pressure of 760 millim. (29*944 inches). The mean of these experi- 
ments was 12*7781 gr. The minimum, 12*7744. The maximum, 
12*7809. The difference, 0*0065 or very nearly of the 
mean ; and he remarks that it is probable that a preat part of this 
error is due to the variations which occur in the composition of 
the atmosphere. He regards it as unfortunate that men of science 
should have selected the atmospheric air, whose constitution is 
known to vary, as the standard of densities for gases, in place of 
some gas which could always be obtained perfectly pure, such for 
instance as oxygen, which would be the more convenient since this 
gas is already chosen as the basis of the tables (adopted by con- 
tinental chemists) of chemical equivalents. 

Founded upon this determination of the weight of a given 
volume of air, he proceeds to determine the densities of different 
gases, and his results are as follows 


* This la the only direct method which can be naed for thla determination. In fates 
wfc’ch attack mercury. 




Tem. at 0® 
Bar. 760 nt. 

Minimum. Maximum. 

Difference. 

Nitrogen, mean of 6 Experiment!, 

0*97137 

0 97108 6*97165 

■b\>o 

Hydrogen, 

» 3 „ 

0*06926 

0*06923 0*06932 

jrfy 

Oxygen, 

•« 3 ,, 

1*10563 

1*10561 1*10565 


Carbonic Add, 5 „ 

1*52910 

1*62900 1*62915 

tA? 

f| 

atO° and 374*13 millim. 

1*52366 



99 

224*17 „ 

100° 760 00 „ 

1*52145 



99 

1*52418 



99 

„ 383*39 „ 

1 62410 




Densities determined by Dumas and Boussmgault. 



Nitrogen, from 

0 970 

to 0 974 



Hydrogen, „ 

.. 0 0691 

„ 0*0696 



Oxygen, „ 

.. 11055 

,, 10158 



If we calculate the theoretic density of carbonic acid gas, ad- 
mitting for the atomic weight of carbon 75, (oxygen = 100, or 6 if 
hydrogen = 1,) lately found by M. Dumas, we pet the number 
1*52024, which approaches the density found for this gas under the 
pressure of 224*17 millim. (less than nine inches.) 

The density found at the temperature 0° and normal atmospheric 
pressure leads to an atomic weight for carbon 76*6 which ap- 
proaches very nearly the number 76*44 (6*1152, if hydrogen = 1) 
which chemists for a long time admitted from the experiments of 
M. Berzelius.* 

We see, by this example, how much circumspection is necessary 
in deducing the value of the atomic weight of a gas from its 
density. 

Three experiments to determine the co-efficient of dilatation of 
the air between 0° and 100°, gave as the result 0*03663 ? which 
differs but little from the value obtained in the First Memoir. 

An attempt to verify the law of Mariotte showed slight differ- 
ences, in which the weiphts by experiments were always a little 
lower than those got by calculating the density by means of 
Mariotte's law from the observed elastic force ; but these differences 
were always within the limits of the errors of observation. 

The co-efficient of dilatation of carbonic acid gas between 0° and 
100° was determined to be 0*003719. (In the First Memoir, the 
determination by the method V., in which the gas preserved the 
same elastic force at 0° and 100°, as in the present case, was 
0*0037099.) 

The experiments to determine whether carbonic acid gas obeys 
the law of Mariotte at pressures less than that of the atmosphere, 
gave the following results • 


Weight of 
the gas at 
»* 
ii 




and with au 
elastic force 


101 V 0l° 


} 


224 17 mil., 

374 13 „ 

338*39 „ 


By experiment. 

5*7345 gr., 
95845 „ 
6*8549 „ 


Calculated by 
Mariotte's law. 

5*7634 gr. 


9*6628 

6*3545 


M 

II 


so that it appears that carbonic acid gas deviates notably from the 
law of Mariotte at ordinary temperatures, but conforms to it with 
the limits of experimental errors at 100°. 


Third Memoir. — determination op the weight op the litreI* 

OF AIR AND OF THE DENSITY OF MERCURY. 


In the preceding memoir, the densities of the different gases 
were determined, referring them to that of air assumed as the unit ; 
but in a great number of circumstances, it is required to know the 
absolute weight of these gases : this is easily obtained when we 
know the absolute weight of air under the normal conditions, that 
is at a temperature of 0°, and under a pressure of 760 millimetres 
of mercury. 

The weight of the litre of dry air under the normal conditions 
was determined by MM. Biot and Arago, with all the care which 
they could take— -they found that at Paris this weight was 1*299541 
gr. ( Memoirs of the Academy of Sciences for 1806. Biot Traits dt 
Physique , tom. 1, p. 387.) This number has been generally adopted. 

But if we reflect upon the imperfections which the theory of 
gases and vapours still presented at that time, and the great num- 
ber of uncertain corrections which they were obliged to introduce 
into their calculations ; and if we note that they operated upon air 
charged with aqueous vapour, for which they endeavoured to allow 
by a correction ; and that, in spite of the most minute precautions, 
this circumstance must necessarily introduce great disturbances 
into their experiments, we shall understand how absolutely neces- 
sary it was to make new determinations of this important doctrine, 
which will be frequently used in the following investigations. 

In the preceding memoir, the weight of dry air which filled the 
globe at 0°, and under a pressure of 760 mil., was determined with 
great care ; it will be enough then to find the capacity of this globe 

* Berzelius himself now acknowledges the error of hi* former determination, and fixes 
the atomic weight of carbon at 75*12 or 6 01 (H — 1), which amounts to an admiasloa of 
Dumas’e determination. (Berzelius Trattf de Chi sale, becoede Edition Frmi^aiae, Paris, 
1845, tom. 1, p. 263.) 

4 The French litre la equal to 0*22 of the Imperial gallon. 
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at 0°, to determine immediately the weight of the litre of air. 
Now, according to the principle upon which the French system of 
measures was established, the kilogramme is the weight of a litre 
of distilled water, freed from air, at the temperature of its maxi- 
mum density, which is about 4° (39*2 Fahr.) ; it will suffice then to 
determine the weight of water at 4° which fills the capacity which 
the globe presents at 0°. 

To do this M. Regnault operated in the following way 

The open globe was weighed upon a good balance ; its weight 
was found to be 1258*55 gr., the surrounding temperature being 
4*2°, and the height of the barometer reduced to 0°, 757*89 mil. 

A small quantity of water was introduced into the globe, and 
the globe exhausted by means of the air-pump, and at the same 
time heated. In this way the atmospheric air was completely ex- 
pelled by means of the vapour of water which was constantly 
developed. The stop-cock of the globe was then closed. 

On the other hand, perfectly pure distilled water was boiled in a 
large globe to free it completely from the air which it always holds 
in solution at ordinary temperatures. Upon the tubplure of the 
first globe was fixed by caoutchouc a glass tube, twice bent, one of 
whose branches descended to the bottom of the vessel in which the 
water was kept boiling. On opening the stop-cock of the globe, 
the boiling water entered it slowly, without coming in contact with 
air ; it was consequently perfectly free from that gas. 

The globe being completely filled, the recurved tube was removed, 
and replaced by a tube having a bulb which was kept filled with 
the boiling water, and furnished the quantity of water necessary to 
keep the globe filled as its temperature lowered. 

When the globe, filled with water, had come down to the sur- 
rounding temperature, it was placed in a zinc vessel, and com- 
pletely surrounded with melting ice, care being taken to pack the 
ice in proportion as it melted, upon the walls of the globe. 

The globe was left in the ice for a time varying from 6 to 18 
hours ; the stop-cock was then closed, the bulbed tube detached, 
and the tubulure above the stop-cock carefully wiped. 

The globe was placed in a large vessel filled with water at a 
temperature a little above that of the chamber in which the balance 
was ; it was left for two hours, so that it should take nearly the 
temperature of the chamber. As the water contracts in proportion 
as its temperature rises from 0° (to 4°), the globe could be kept 
closed without danger of breaking. When the globe had acquired 
the temperature of the chamber, it was weighed, and this weighing 
(the temperature of the room and the height of the barometer 
being noted) gives the means of calculating the weight of water at 
4°, which fills the capacity which the globe presents at 0°. 

According to the experiments of M. Pierre ( Annales de Chimie et 
de Physique, 3d serie, tome xv., p. 348), if the density of water at 0° 

be taken as 1, at 4° it is - * -— • 

5 0*999881 

Whence we can calculate the weight of the water at 4° (its 
maximum density), which fills the capacity which the globe pre- 
sents at 0°. Three experiments give the following results : — 

I. 9881*060 grammes. 

II. 9881*113 „ 

III. 9881*299 „ 

The third weighing gave a number probably a little too high, 
because the globe was intentionally left but a little time in the ice, 
in order to see what influence this circumstance would have upon 
the result. On this account, M. Regnault adopts the mean of the 
former experiments, viz. : 9881*086. 

Desiring to ascertain whether the correction made to reduce the 
weight of water from 0° to 4° was sufficiently exact, M. Regnault 
made two direct experiments, which gave a mean differing only 
16 

0*152 or from the result of the calculation. The capacity 

100,000 r J 

of the globe at 0° was therefore 9*881086 lit., and since {see 
Second Memoir) the weight of air which filled it at 0°, under a 
pressure of 760 mil., was 12*7781 gr. ; the weight of the litre of air, 

12*7781 

under these normal circumstances is - ■■ ■ — gr. = 1*293187 gr. 

9*881086 ® 6 

a value notably less than that which was heretofore admitted from 
the experiments of MM. Biot and Arago* (1*299541). 

* M. Regnault remarks, in s note, that all the numerical corrections made by MM 
Blot and Arago, for the purpose of reducing the weight of air to 0°, and to absolute dry 
ness, contributed to render the number which they adopted too high. Another circum- 
stance may hare produced a similar effect. Tbese experimenters exhausted the globe 
several times with a very good air-pump, and they supposed that the slight tension which 
remained in their globe was produced by tbs vapour of water which the walls of the 

} (lobe abandoned in vacuo, which they re-condensed when the air entered again. It Is, In 
act, probable that this was the case ; but it seems to be also very probable that when the 
glsba was filled with air vary nearly saturated with moisture, it gave a new portion of 


From this and the numbers obtained in the preceding memoir 
for the densities of the gases we deduce, that at Paris 

The litre of Atmospheric Air weighs 1*293187 grammes. 

„ „ Nitrogen „ 1*256167 „ 

„ „ Oxygen „ 1*429802 „ 

,, „ Hydrogen „ 0*089578 „ 

„ „ Carbonic Acid „ 1*977414 „ 

Strictly considered, these values are only correct for the locality 
in which the experiments were made— -that is, for a latitude of 
48° 50' 14", and a height of about 60 metres above the level of 
the sea. 

M. Regnault finds the weight of the litre of air, under the 
parallel of latitude 45°, and at the same distance from the centre 
of the earth as that at which his experiments were tried, = 1*292697. 

And assuming this as the standard number, he deduces for any 
other latitude, and any other distance from the centre of the earth, 
the formula 

1 

» = 1*292697 gr. (1*00001885) 1 + 2 h (1-0*002837, cos 2A). 

R 

Or, more simply 1 

«p= 1*292673 gr. 1 + 25 (1 — 0*002837, cos 2a) ; in which ip i< 
R 

the weight of the litre of air (the litre is 61*09908 cubic inches) ; 
R, the mean radius of the earth = 6,366,198 metres ; A, the height 
of the place of observation above this mean radius, expressed in 
metres ; and A, the latitude of the place. 

Applying this formula to the level of the sea, in the latitude of 
Philadelphia (39° 56' 51*5"), and assuming the radius of the earth at 
this point 6,367,653 metres : 

The weight of the litre of air will be 1*2914392 grammes. 

And assuming the litre as 61*09908 cubic inches, and the gramme 
as 15*433159 grains troy : 

The weight of a cubic inch of air will be 0*32621 grains troy. 

Or, (assuming Mr. Hassler's determination of the weight of a 
cubic inch of water, 252*6934 gr.) water is 774*63 times heavier 
than air. 

Density of Mercury . 

The density of mercury has been determined several times by 
M. Regnault, and with the greatest care ; as he wished to satisfy 
himself whether this liquid, purified by the means employed ordi- 
narily in the laboratories, presented a constant density. 

A glass globe, of a capacity of from 250 to 300 cubic centimetres, 
was filled with mercury. The globe terminated in a capillary tube 
of about 2 mil. diameter, upon which a mark was made, and this 
tube was surrounded by a larger one which was used as a funnel. 
The funnel could be hermetically closed by a ground glass stopper. 
The globe being filled with mercury, this liquid was boiled, and 
suffered to cool. The globe was then placed in ice for several 
hours, and the level of the mercury brought exactly to the mark. 
As soon as it whs satisfactorily ascertained that tne level of the 
mercury did not change, the mercury was suffered to take the tem- 
perature of the air, and its weight determined. The same globe 
was then filled with distilled water, first boiled to deprive it of air. 
It was suffered to cool, the funnel being kept full of boiled water, 
and closed with its stopper. The globe was then surrounded with 
ice, and when the water had taken exactly the temperature 0% the 
water level was brought to the mark, and the sides of the funne^ 
wiped with filtering paper. The closed globe was then placed in 
water having nearly the temperature of the surrounding air, so as 
to bring it more quickly to the temperature of the air in which it 
was to be weighed. 

The three determinations of the density of mercury, which are 
reported, were made at very different times, upon specimens from 
different sources, and in three different globes 

I. The first specimen was mercury designed for the construction 
of a standard barometer for the observatory of Paris. This mercury 
came directly from the mine ; it had been twice distilled in an iron 
vessel. It was then suffered to stand for several days under weak 
nitric acid, to dissolve the oxide of mercury which always forms 
during distillation. The metal was then washed with much water, 
and dried in the air-pump. The density of the mercury at 0°, 
compared with that of water at 4°, was 13*59599. 

II. In the second experiment, the mercury employed was that 
used by M. Regnault, in the construction of lus manometer. This 
mercury was distilled several years ago, in an iron retort, and has 

water to the glass. This )>ortlon, which was not taken into account, was considered as 
making a part of the weight of the air, and necessarily mads that weight too great.— (Sot 
Blot's •* Traitd de Physique," tome 1, p. 867.) 

85* 
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been kept in glass vessels. It was frequently purified by shaking it 
in fi&sks with concentrated sulphuric acid, then washing with much 
water. Its density at 0°, compared with that of water at 4°, was 
13*59578. 

III. Recently, M. Regnault has determined the density of mer- 
cury prepared with the greatest care by M. Millon, by the calcina- 
tion of crystallized nitrate of mercury in a porcelain retort. The 
metal was then shaken up with concentrated sulphuric acid, to 
dissolve the oxide. Density of the mercury, 13*59602. 

Thus we find for the densities of these three specimens of mer- 
cury : — 

I. 13*59599 1 

II. 13*59578 > 13*59593. 

III. 13*59602 J 

These densities may be considered as identical. 

MM. Biot and Arago found the density of mercury, 13*588595. 

This density differs but little from those which we have found. 
The little difference ought probably to be attributed to the uncer- 
tainty of the corrections which these illustrious physical philoso- 
phers were obliged to make in their method of operating. 

It is often necessary, as in measuring heights by the Darometer, 
to know the ratio of the density of mercury to that of air. 

Now 1 lit. of air at0°, under a pressure of 760 mil ^weighs 1*2931 87 gr. 
„ water at its maximum density weighs 1000*000000 „ 
„ mercury at 0° „ 13595*93 „ 

The ratio of the densities of mercury and air at the temperature 
0°, and under the pressure of 760 mil. observed at Paris, is then 
10513*5. At the level of the sea, and in latitude 45°, it becomes 
10517*3; and at the level of the sea, at Philadelphia, 10527*735. 

(To be continued ,) 


CONTRIBUTIONS TO RAILWAY STATISTICS, 

In 1846, 1847, and 1848. — By Hydi* Clarke, Esq. 

C Continued from page 245.J 
No. III.— COAL TRAFFIC. 

Coal traffic is one of the largest and most important items of 
railway transit ; but here, as elsewhere, the returns published by the 
Railway Department are insufficient to show the whole amount. 
This is the more to be regretted, as the great reduction in the price 
of coal by railways has largely increased the demand for household 
use, as well as for manufacturing purposes. The monopolies of the 
eanal proprietors, and of the wharfingers connected with them, have 
been broken up, and each year some new operation throws open a 
fresh district. 

Coal traffic is of three kinds : from the colliery inland ; from the 
•olliery to the sea; and from the sea-shore inland. 

The following shows the gross tonnage of coals, coke, and culm 
on the undermentioned lines for the years ending 30th June, 1846 
and 1847. 


Name. 

Arbroath and Forfar, 

Ardrossan, 

Bailochney, 

Bodmin and Wadebridge, 

Caledonian (Glasgow and GarnJurk) 
Dunfermline and Charlestown, 
Dundee and Arbroath, 

Dundee and Newtyle, 

Durham and Sunderland, 

Eastern Counties : Cambridge, 

„ Colchester, 

tf Ipswich and Bury, 

„ Eastern Union, 

„ Norfolk, 

Edinburgh and Dalkeith, 

East Lancashire, 

Furness, 

Glasgow and Greenock, 

Glasgow and Ayr, 

Great North of England, . . 
Hartlepool, • • 

Hull and Selby, 

Kendal and Windermere, 

Lancaster and Carlisle, 

Lancaster and Preston, 


1846. 

1847. 

Tons. 

Tons. 

12,012 

14,025 

66,782 

70,000+ 

139,206 

185,969 

5,123 

5,129 

227,183 

335,319 

28,654 

27,626 

19.000 

500+ 

10,000* 

10,000 

394,974 

■ - ■■■ 

15,000* 

26,976 

15,000* 

20,000* 

- 

15,749+ 

— — 

18,744+ 

6,000 

15,000* 

95,571 

— — • 

— 

U81+ 

— — 

2,748 

28,429 

30,387 

180,130 

242,443 

251,484 

893,701 

789,673 

40,000* 

— 

— 

100+ 

— 

6,886 

10,000* 

— 


Lancashire and Yorkshire 59,919 66,175 

„ Preston and Wyre, 29,390 33.978 

„ Manchester and Bolton, 49,255 27,469t 

Llanelly and Llandilo, .. 97,017 84,150 

London and North Western (Birmingh.) 37,889 440,000* 

,, (Grand Junction) 323,905 

„ (Manchester and Birm.) 119,774 

London and Brighton : Brighton, 30,000* 40,000* 

„ „ Croydon, 9,118 

London and South Western, .. 18,830 31,659 

Manchester and Bolton, .. 172,230 — 

Manchester and Sheffield, • . 30,569 82,008 

Maryport and Carlisle, .. 155,106 179 748 

Midland, .. .. 305,904 370,787 

„ (Bristol and Birmingham) 89,421 110,557 

Middlesborough and Redcar, .. 4,894 

Monkland and Kirkintilloch 400,000* 400,000* 

Newcastle and Carlisle, .. 190,068 236,649 

Newcastle and Darlington, . . 689,892 — 

Newcastle and Berwick (North Shields) 29,345 33,866 

North Union, .. 395,021 233,137 

North British, .. .. 15,756 

Preston and Longridge, . . 248+ 

Pontop and South Shields, . • 596,369 — 

Slamannan .. .. 78,888 

South Eastern, .. .. 45,350 71,723 

Scottish Midland, .. .. — — 5,124 

Stockton and Darlington, .. 904,358 911,645 

Stockton and Hartlepool, .. 24,408 7,165 

„ „ (Clarence) 497,100 537,333 

Shrewsbury and Chester, .. — 1,115 

St. Helen’s, .. .. 245,573 247,734 

Tiff Vale, .. .. 284,066 314.621 

Ulster, .. .. 3,379 2,716 

West Cornwall, (Hayle) .. 24,942 28,416 

Wishaw and Coltness, .. 434,365 678,239 

Wilsontown, .. .. 500 4,244 

Whitehaven, .. .. 514 7,000+ 

York and North Midland, . . 159,608 185,982 

York and Newcastle, .. — 1,620,163 

* Supposed amount. t Imperfect return. 

The quantity enumerated amounts to about 8,900,000, or nearly 
9,000,000; the number enumerated in 1845 being 7,000,000 tons. 

The amounts received for the carriage of coals in the years lad- 
ing June 30, 1846 and 1847, were as follows: — 


Name. * • 

Arbroath ana Forfar, •• 1,749 

Ardrossan, . . . . 2,339 

Bailochney, .. .. 3,765 

Bodmin and Wadebridge, .. 616 

Caledonian (Glasgow and Garnkirk) 5,123 

Chester and Birkenhead, • . 

Cockermouth and Workington, 

Dunfermline and Charlestown, 3,078 

Dundee and Arbroath, .. 4,000 

Durham and Sunderland, .. 20,604 

Eastern Counties : Cambridge, 22,796 

„ Colchester, 7,274 

„ Eastern Union, 

„ Ipswich and Bury, — 

„ Norfolk, 700 

East Lancashire, . . 

Edinburgh and Dalkeith, .. 4,160 

Glasgow and Greenock, .. 2,917 

Great NoTth of England, .. 20,978 

Hartlepool, . . 35,958 

Lancaster and Carlisle, . . 

Lancashire and Yorkshire, .. 2,257 

„ Preston and Wyre, 3,172 

„ Manchester and Bolton, 3,043 

Llanelly and Llandilo, .. 6,579 

London and North Western (Birmingham) 4,633 


1846. 

1847. 

*. 

1,749 

4 . 

2,012 

3,200+ 

2,339 

3,765 

7,091 

616 

628 

5,123 

17,535 



120+ 

— 

105+ 

3,078 

2,910 

28+ 

4,000 

20,604 

22,796 

5,158 

7,274 



— 

200+ 

. — ■ 

1,264 

700 

2,000* 


„ (Grand Jonction) 

„ (Manchester and Birm.) 

London and Brighton (Brighton) 

„ (Croydon) 

Manchester and Sheffield, 

Maryport and Carlisle, 

Midland, . . . • 

„ Bristol and Birmingham, 
Middlesborough and Redcar, 

Newcastle and Carlisle, 

Newcastle and Berwick (North Shields) 
Newcastle and DarlingtoUf 


17,807 

5,470 

2 , 000 * 


31,477 

929+ 

4,840 

2,821 

1,142 

5,284 

36,657 


683 

■ 

1,933 

5,564 

10,513 

13,962 

63,183 

66,590 

8,668 

7,660 

— 

325 

18,259 

23,944 

1,314 

1,474 

31,679 

— 
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North Union, 


20,000* 

20,000* 

North British, 




1,571 

Preston and Longridge, 


— 

lit 

Pontop and South Shields, 


46,283 

— 

Stockton and Darlington, 


65,736 

71,842 

Stockton and Hartlepool, 


782 

247 

„ „ (Clarence) 

30,261 

33,472 

Slamannao, 


— 

2,325 

South Eastern, 


— - 

9,554 

Scottish Midland, 


■ 

349 

Shrewsbury and Chester, 

St. Helen's, 


— 

86 


10.671 

10,469 

Taff Vale, 


24,447 

28,620 

Ulster, 


406 

376 

West Cornwall (Hayle) 


3,220 

3,667 

Wishaw and Coltness, 


13,623 

19,184 

Whitehaven, 


14 

350t 

Wiltontown, 


36 

233f 

York and Newcastle, 


— 

111,384 

York and North Midland, 


16,179 

19,637 

* Estimated amount. 


t Imperfect return. 



This constitutes a total of nearly £550,000, so that the gross 
total is most probably nearly £700,000, being the sum received by 
railways on account of the conveyance of coal. Among the lines 
omitted are the following : — 

Great Western, 

Edinburgh and Glasgow, 

Glasgow and Ayr, 

London and Sooth Western, 

Eastern Connties : Colchester, 

Monkland and Kirkintilloch. 

The rates of charge vary much on the several line*, depending 
on many circumstances, so that it is impossible to institute an 
accurate comparison. In some cases, the coal-owners supply their 
own locomotives and wagons, and are charged with toll only. In 
others, they supply wagons only. In others, they are charged with 
an additional rent for wagons. In many cases the company hauls 
and supplies wagons. 

Rate per ton per mile for toll only, and for total charges— 


West Cornwall, 

Toll. 

d. 

Total charges. 
d. 
5*82 

Dunfermline and Charlestown, 


4*29 

Bodmin and Wadebridge, 

— 

4* 

Newcastle and Berwick (North Shields) — 

3*50 

Arbroath and Forfar, 

2 

330 

Cockermouth, 



3*11 

Scotch Midland, .. 



307 

Kendal and Windermere, 



3* 

Ballochney, .• 

— 

3* 

Preston and Loogridge, 

— 

2*66 

Furness, 

Maryport and Carlisle, 
Londonderry and Enniskillen, 

— 

2*50 

1-30 

2*47 

— 

2*10 

Wishaw and Coltness, 

1-60 

2*03 

Brighton, 

0*25 

2*00 

Slamanoan, 

— 

1*88 

East Lancashire, 



1 85 

London and Sooth Western, 



1*77 

Lancaster and Carlisle, 


1*75 

Whitehaven, 


1*60 

Edinburgh and Glasgow, . . 

— 

1*50 

Caledonian, t . 

— 

1*43 

St. Helen's, 

0 70 

1*40 

Llanelly, 

— 

1*35 

Ipswich and Bury, 

— 

1*34 

Shrewsbury and Cheater, 

— 

1*33 

Bristol and Birmingham, 

— 

1*32 

Eastern Union, 



1*26 

York and Newcastle, 



1*25 

Newcastle and Carlisle, 



1*25 

Glasaow and Greenock, • . 

0*81 

1*25 

Hartlepool, •• 

0*75 

1*25 

Taff Vale, 

0*66 

1*16 

Stockton and Hartlepool, 

— 

1*06 

Lancashire and Yorkshire, 

_ 

1 01 

North British, .. 

— 

1* 

Preston and Wyre, 



1* 

Eastern Counties (Cambridge) 

— 

1* 

Clarence, 

— 

0*89 

York and North Midland, 

— ■ 

0*75 


On the whole, the rates for the carriage of coal are lower than 
they were in 1845 ; only a small quantity of coal is carried on the 
higher priced lines. 


The following shows the quantity of coal carried in the year 
ending June SO, 1847, at each rate of charge : — 


3 d. and upwards, 
2d. and upwards, 
Id. and upwards, 
Under Id. 


302,126 tons. 
198,252 „ 
3,930,795 „ 
629,416 „ 


Of the 3,930,795 tons carried at prices between Id. and *d., 
3,812.7*5 tons were carried at rates less than 14<L per ton per mile. 
It will be seen that nearly all the coal carried by railway is carried 
for less than l^d. per ton per mile. 

The maximum charge for carrying coal is now 5‘82d. per ton per 
mile, being on the West Cornwall or Hayle railway. In 1845 the 
maximum charge was 6d. per ton per mile, being on the Canter- 
bury and Whitstable railway. 

Many of the companies make no return of their charges for 
carrying coal, which is the more to be regretted, as the amalgama- 
tions have caused great alterations in the carrying rates. 

The chief coal lines are the following :— 


York and Newcastle, 
Stockton and Darlington, 
Hartlepool, 

Stockton and Hartlepool, 
Midland, 

L >ndon and North Western, 
Caledonian, 

Tiff Vale, 

St. Helen's, 

Glasgow and Ayr, 

Newcastle and Carlisle, 
North Union, 


1844.5. 

Toni. 

1,616,555 

900,009 

796,486 

300,000 

492,420 


125,066 

229,775 

120,000 

205,500 

321,923 


1845.6. 

Tons. 

1,962,334 

904,358 

893,701 

521,508 

395,325 

481,568 

227,183 

284,066 

245,573 

180,130 

190,068 

395,021 


1846-7. 

Toni. 

1,654,029 

911,645 

789,673 

544,498 

481,344 

440,000 

335,319 

314,621 

247,734 

242,443 

236,649 

233,137 


The Ballochney, Monkland, and other railways in the neigh- 
bourhood, have a vast coal traffic; but from the state of the returns, 
no calculations can be made as to its extent. 


The following shows the lines on which the largest receipts for 
coal have been obtained in each of the years ending June 30, 1845, 
1846, and 1847 


York and Newcastle, 
Stockton and Darlington, 
Midland, 

London and North Western, 
Stockton and Hartlepool, 
Hartlepool, 

Taff Vale, 

Newcastle and Carlisle, 
North Union, 

Caledonian, 


1845. 

1846, 

1847. 

X. 

X. 

X. 

115,000* 

123,050 

112,858 

80,000* 

65,736 

71,842 

45,000* 

71,851 

64,250 

.. 

25,910 

36,657 



31,043 

33,558 

32,627 

35,958 

31.477 

19,939 

24,447 

28,620 

19,476 

18,259 

23,944 

— 

20,000 

20,000 

7,600 

2,917 

17,535 


* Estimated amount. 


It cannot be said that the coal traffic greatly advanced in the 
year ending June 30, 1847. Though a great advance was made in 
the previous year, there seem to bs in 1847 symptoms of the effects 
of the commercial crisis. A decline took place in the receipts of 
the York and Newcastle, and Midland, though an increase took 
place on the Stockton and Darlington, and Newcastle and Carlisle. 

The coals conveyed by railway from the several fields are as 
follows : — 


Northumberland and Durham, 

1845. 

Toni. 

3,850,000 

Cumberland, 

200,000 

Leicester, Nottingham & Derby, 300,000 

Lancashire, 

900,000 

Yorkshire, 



Bristol, 

50,000 

South Wales, 

220,000 

Scotland, 

760,000 


1846. 

1847. 

Toni. 

Torn. 

4,500,000 

4,250,000 

135.000 

190,000 

300,000 

370,000 

1,270.000 

1,000.000 

240,000 

190,000 

90,000 

100.000 

380,000 

400,000 

1,650,000 

2,100,000 


It is impossible to separate the returns accurately, but it may 
be assumed that the quantity of coal carried by railway has in- 
creased in the Scotch and Cumberland fields. The produce of the 
Staffordshire fields cannot be separated. 

The following shows the quantity of coals carried inland from 
the sea in each year : — 


1845. 

Toni. 

Eastern Connties : Cambridge, 

1846. 

Toni. 

15,000 

1847- 

Tonr. 

15,000 

»» 

Colchester, 20,000 

26,976 

20,000 

tt 

Eastern Union 

— 

16,000 

H 

Ipswich and Bury, 

— 

19,000 

tt 

Norfolk, 

6,000 

15,000 
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South Eastern, 

• 9 

35,519 

45,350 

71.723 

Brighton, 

» • 

36,000 

40,000 

40,000 

South Western, 

9 # 

4,000 

18,830 

31,659 

London and North Western, 

10.000 

10,000 

10,000 

Cornwall, 

.. 

28,000 

30,065 

33,545 


The quantity of coal carried inland by means of railways has 
increased. 

The saving in coal supplied to the city of York, in consequence 
of Mr. Hudson s railway measures, is not less than £30,000 yearly. 

In the south-east of England, which is supplied mostly from the 
Northumberland and Durham coal-fields, the quantity carried up- 
land by railway may be reckoned as follows : — 

1845, 120,000 tons. 

1846, 162,000 „ 

1847, 240,000 „ 

How trivial this is, may be seen from the quantity of coals im- 
ported into London, which is thus shown. 

1825, 1,921,091 ton*. 

1835, 2,299,816 „ 

1845, 3,461,199 „ 

It will be seen that in the supply of the inland districts the rail- 
ways have proved very effective ; but they have as yet done very 
little for those districts which are supplied from the sea. This 
must be attributed to the inability of the railway companies to 
give their attention at present to this branch of traffic ; but when 
they do, a complete revolution must be effected in the supply of 
coals. The only lines from which we have detailed returns are the 
South Eastern and South Western, which show a great increase in 
the quantity of coal carried. There is every reason to believe that 
a great traffic is growing up in the Eastern Counties district — not 
less than 85,000 tons : but the returns do not show this fully. 

No. IV.— COKE TRAFFIC. 

The traffic in coke must be considerable in some districts, but 
there is a want of detailed returns. It is a lucrative branch of 
revenue to the Midland Railway Company. 

The following shows the traffic in coke in each year on the 
under-mentioned lines : — 


1844. 

1845. 

1846. 

1847. 

Ton*. 

Ton*. 

Tons. 

Ton*. 

Midland, .. 26,826 

29,767 

57,015 

78,246 

Manchester and Bolton, 

_ 

2,200 

■ ■■ 

Newcastle and Carlisle, 3,504 

8,333 

3,312 

8,221 

York ahd North Midland, 

16,013 

50,785 

93,899 

The following shows the receipts for coke 

: — 



1846. 

1847. 


Midland, 

£20,210 

£24,198 


Manchester and Bolton, 

16 

— 


Newcastle and Carlisle, 

391 

457 


York and North Midland, 

4,772 

7,792 


No. V.— IRONSTONE 

AND IRON 

TRAFFIC. 



These form great branches of mineral traffic, but the extent of 
them is very imperfectly expressed in the returns. 

The traffic in ironstone on the following railways in the years 
ending June 30, 1845, 1846, and 1847, is shown below in tons. 


Ballochney, 

1845. 

Ton*. 

239,010 

1846. 

Ton*. 

190,352 

1847. 

Ton.. 

229,362 

Monkland, 

■ 

200,000* 

200,000* 

Newcastle and Carlisle, 

— 

7,000f 

7,000* 

Taff Vale, 

58,850 

49,231 

54,614 

Ditto, Aberdare, 



4,546 

Furness, .« 

— 



106,301 

140J 

Whitehaven, 

— — 

406 

Wishaw and Coltnesa, 

32,240 

42,231 

27,000$ 


• Estimated amount, t Half-year, 3,381 toas. T Half-year, 72. | Half-year, 13,970. 

The returns for the Ballochney railway include iron likewise. 


1 amount received in each of those 

1845. 

years was 

1846. 

as follows 

1847. 

Ballochney, 

£6,931 

£5,353 

£8,901 

Furness, 

Newcastle and Carlisle, 

- 

— 

7,221 

. 

2,700* 

- . . 

Taff Vale, 

6,786 

5,907 

6,457 

170 

Ditto, Aberdare, 

— 

Whitehaven, 

— 

11 

— 

Wiahaw and Coltneas, 

191 

526 

500* 


* Estimated amount. 
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The rates charged for the conveyance of ironstone and iron-ore 
are as follows 


Ballochney, 

Newcastle and Carlisle, 

Taff Vale, 

Whitehaven, 

Wishaw and Coltness, 

The traffic in iron for the three years is as follows : — 


Per ton per mile. 
225d. 

1*37 

1-16 

1- 25 

2- 23 


Ardroaaan, 

1845. 

Tons. 

7,881 

1846 

Ton*. 

14,065 

1847. 

Tons. 

40,000 1 

Glasgow and Ayr, 
Lancashire and Yorkshire, 

25,000 

39,679 

9,000* 

56,825 

— 

15,001 

Mary port and Carlisle, 

— 

2,937 

1,652 

Shrewsbury and Chester, 

— — 



9,488 

Slamannan 

— 

• ■ — 

881 

Taff Vale, 

88,493 

61,996 

67,039 

Whitehaven, 

— 

1,233 

1,200* 

Wishaw and Coltness, 

73,429 

77,826 

80,000$ 


* Half-year, 4,470. t Half-year, 19,738. t Half-year, 636. 
The amounts received are as follows : — 


l Half-year, 44,030. 



1845. 

1846. 

1847. 

Ardroaaan, 

£ 305 

£ 556 

£ 781* 

Glasgow and Ayr, 

2,400 

— 

— 

Lancashire and Yorkshire, 

— 

1,011* 

8,705 

Maryportand Carlisle, 

— 

657 

297 

Shrewsbury and Chester, 

— 

• 

861* 

Slamannan, •• 

— — 

— 

78 

Taff Vale, 

4,901 

6,974 

7,770 

Whitehaven, 

— 

52 

37* 

Wisbaw and Coltness, 2,096 

* Imperfect returns. 

3,371 

1,441* 


The iron carried is mostly pig-iron. 

The rates for the carriage of iron are as follows 


Bar-Iron, Pig-Iron, 

Per mile per ton. Per mile per ton. 


Ballochney, 

34. 

l*66d. 


Lancashire and Yorkshire, 

2 25 

— 


Mary port and Carlisle, 

— 

1 80 


Taff Vale, •• 

— ■ 

1-00 


Wishaw and Coltness, 

— 

1-81 


Whitehaven, 

— 

1-88 


A considerable quantity of dross 

and slag are carried, 

but there 

are only returns on the Wishaw and Coltness railway 


Dross. 




1846. 

1847. 

1816. 

1847. 

Tons. 

Tons. 

£ 

£ 

Wisbaw and Coltness, 110,084 

90,000* 

1,968 

2,000 

Slag and Char. 



Wisbaw and Coltoess, 882 

l,000t 

9 

30 

* Half-year, 45,261 tons, 1,002/. 

t Half-year, 544 tons, 17/. 


The rates for carrying dross are 1-1 2d. per mile per ton, and for 
carrying slag l*35d. per mile per ton. 

The traffic of the Glasgow iron district in coals, limestone, iron- 
stone. iron dross, and slag carried by railway was in 1846 and 1847 
as follows • 

1846. 1847. 

Tons, 2,500,000 2,900,000 

The traffic of the Welsh iron district in coals, limestone, iron- 
stone, and iron, stands as follows 

1844. 1845. 1846. 1847. 

Tons, 212,000 323,000 396,000 441,000 

The traffic of the Furness iron district consists solely in the 
shipment of ironstone to South Wales, to the extent of 106,301 
tons in 1847. 

No. VI.— COPPER AND TIN TRAFFIC. 

The traffic in copper and tin ores is confined to the Cornish lines. 
There are no data now to show this. In 1845 I estimated it as 
follows : — 

Tons, £ Rate. 

Bodmin and Wadebridge, 3,000 200 S-OOcf. 

Hayle, .. 20,o00 4,000 4*20 

No. VII.— LIMESTONE AND LIME. 

The following shows the quantity of lime carried in the years 
ending June 30, 1846 and 1847 < 
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Arbroath and Forfar, 1,000 

Middles borough and Red car, — - 808 

Mary port and Carlisle, 9,540 2,844 

Leicester and Swannington, 2,727 — . 

Newcastle and Carlisle, 2,632* 

Slamannan, .. 4,000 

York and North Midland, 4,660 

* Imperfect return. 

The following shows the amounts received for the carriage of 
lime : — 

1846. 1847. 

Leicester and Swannington, £ 190 £ 

Mary port and Carlisle, 108 122 

Middlesborough and Redcar, — 25 

Newcastle and Carlisle, 89 

York and North Midland, — 830 

The following shows the quantity of limestone and lime carried 
in the years ending June 30, 1844, 1845, 1846. and 1847 


ions. 

Arbroath and Forfar, — — i 

Ballochney, . . — 

Furness, .. 

Great North of England, 2,600* 

Llanelly and Llandilo, 338 

Mary port and Carlisle, 821 

Midland, .. 35,576* 

Ditto (Leicester and Swannington) 2,848* 
Middlesborough and Redcar, - 
Newcastle and Carlisle, 19,072* 

Slamannan, . . _ 

Wiahaw and Coltness, 10,604 

York and North Midland, 8,554 

Ditto (Whitby and Pickering) 1,362 


were not less than £ 11,000, but there has been a falling-off in the 
Midland traffic. 

The rates for the carriage of a ton of limestone and lime per mile 
are as follows : — 


13,482 18,618 13, < 
8,998 14,324 - 

1,650 — 

t Half-year, 6,773 tons. 


7,292 

13,0004 


• Lime only. t Half-year. 1,267 tona. t Half-year, 6,773 tons. 

The traffic in limestone and lime in 1847, so far as details exist, 
may be calculated as follows : — ^ 

Arbroath and Forfar, 1,000 tons 

Ballochney, .. 5,000 „ * 

Furness, .. 679 „ 

Llanelly and Llandilo, 2,500 

Maryport and Carlisle, 2^844 L 

Midland, .. 56,677 

Middlesborough and Redcar, 808 
Newcastle and Carlisle, 40,000 

Slamannan, .. 7,292 „ 

Wishaw and Coltness, 18,000 

York and North Midland, 14,000 

York and Newcastle, 2,500 „ 

Total enumerated, 146,000 tons. 

The total enumerated in 1845 was 132,544 tons. 

Much of this is used for agricultural purposes ; some for building* 
and some in the iron-works. The quantity carried for agricultural 
purposes may be reckoned thus : — 

District. Tons. 

Scotland, 40,000 

Northern, 50,000 

Yorkshire, 25,000 

Lancashire, 25,000 

Midland, 50,000 

Son them, 20,000 

Total, 210,000 

The amounts received for the carriage of limestone and lime in 
1845, 1846, and 1847, were as follows:— 

.. _ 1845. 1846. 1847. 

Arbroath and Forfar, £ 300 £ £ , 

Ballochney, .. — 

Farness, .. 2 

Llanelly and Llandilo, 12 — 

Maryport and Carlisle, 82 108 122 

5J“' a 1 nd * . •• 6.020 9,628 6,369 

Middlesborongb and Redcar, - 25 

Newcastle and Carlisle, 3,774 - 

Slamannan, .. 276 386 

Wishaw and Coltness, 124 323 - 

York and North Midland, 929 1,175 830* 

* Lime only. 

The total receipts for the carriage of limestone and lime in 1847 



Lime. 

Limestone. 

Arbroath and Forfar, 

2*5d. 

d. 

Llanelly and Llandilo, 

— . 

1*00 

Maryport and Carlisle, 

1*50 

1*30 

Lancashire and Yorkshire, 

1*33 

— 

Newcastle and Carlisle, 

1*25 

125 

Slamannan, 

1*9 


Wishaw and Coltness, 

— ■ 

1*35 

York and North Midland, 

1 50 

1*50 


The greatest traffic in limestone and lime is carried on by the 
following companies 

Tons. £ 

Midland, .. 56,677 6,369 

Newcastle and Carlisle, 40,260 1 3,774 

York and North Midland, 14,000 ‘ 830 

Wishaw and Coltness, 13,000 323 

The limestone traffic on the Midland is on the old North Mid- 
land line. 

No. VIII.— STONE TRAFFIC. 

The number of tons of building and paving stone carried in the 
years ending June 30, 1845, 1846, and 1847, distinguished in the 
returns, is as follows 


37 ,000 1 

55,907 89,540 
18,249 7,388 

26,077 13,857 
4,466 11,000$ 
100,000* 01,349 


Arbroath and Forfar, .. 20,000 14,239 11,711 

Chester and Birkenhead, .. 478 

Maryport and Carlisle, .. 2,381 3,975 3,637 

Midland (Leicester and Swannington) 10,412 8,203 

Lancashire and Yorkshire (Preston and Wyre) 852 

Preston and Lon gridge, ,, — 57,000 f 

St. Helen’s and Runcorn, 17,109 

Stockton and Darliogton, 20,936 55,907 89,540 

Stockton and Hartlepool, 18,249 7,388 

f» „ (Clarence) 26,977 13,857 

Wishaw and Coltness, .. 6,492 4,460 11,000$ 

York and North Midland, 100,000* 91,349 

Ditto (Whitby and Pickering) 30,465 — 

York and Newcastle (Great North of England) 4,000 — — 

„ (North Shields Branch) 9,484 7,Q00$ 

Total enumerated, 112,000 266,000 404,000 
• Half-year, 51,080 tona. t Half-year, 6,291 tons, 

t Half-year, 18,071 torn. * Half-year, 8,465 tona. 

The figures above given by no means represent the gross traffic 
in building and paving stones for each vear. From an examination 
of the detailed figures, there seems to have been a falling-off in the 
the use of building and limestones in 1847, although the gross 
quantity carried on railways increased. 

The total quantity of building and paving stones, limestones, 
and lime carried on railways in 1847 was as follows, according to 
the enumerated returns ; — 

Building stones, 404,000 tons. 

Limestones and lime, 146,000 „ 

550,000 tons. 

The enumerated traffic gives the enormous quantity of 550,000 
tons of stones carried, but the whole quantity carried must be 
nearer 1,000,000 tons. 

The amounts received for the carriage of building and paving 
stones stand thus - 


Arbroath and Forfar, .. 

Chester and Birkenhead, 

Maryport and Carlisle, 

Midland (Leicester and Swannington) 
Lancashire and Yorkshire (Preston and Wyre) 
Preston and Longridge, 

St. Helen’s and Runcorn, 

Stockton and Darlington, 

Stockton and Hartlepool, 

« ,« (Clarence) 

Wishaw and Coltness 
York and North Midland, 

Ditto (Whitby and Pickering) 

York and Newcastle (Great North of England 


* Half-year, 8,925/. f Half-year, 88/. t Half 
4 Half-year, 86/. I Half-year, 892/. 


1845. 

1816. 

1847. 

£ 

£ 

£ 

1,100 

945 

740 

-■ 

- — 

70f 

— 

183 

162 

269 

211 

— 

) 

■ ■ ■ ■ 

' . 


— 

2 400$ 

674 

— 

• 

— 

2,023 

3,030 

— ■ 

304 

123 

— 

780 

436 

151 

83 

170$ 

. 

7,000* 

9,463 

1,116 

■ 

— 

1) 800 

. 

— 

i) 473 

t Half-year, 1,208/. 

700| 


Digitized by 


Google 



*7* 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


[September, 


The total receipts enumerated in 1847 were about £ 18,000, and 
those for limestone and lime £\ 1,000; making about £30,000 
enumerated. 

The rates for the conveyance of building and paving stones are 
as follows 

Per mile per ton. 

Arbroath and Forfar, 2 50d. 

Maryport and Carlisle, 2*04 

Lancashire and Yorkshire, 1*33 

London and South Western, 2 50 

Preston and Longridge, 3 00 

St. Helen's and Runcorn, 1*12 

Wishaw and Coltness, 2*50 

York and North Midland, 100 

The greatest traffic in building, paving, and limestones, and in 
lime, is carried on by the following companies : — 



Tons. 

£ 

York and North Midland, 

105,000 

10,300 

Midland 

60,000 

6,369 

Newcastle and Carlisle, 
Stockton and Darlingtoo, 

40,000 

3.800 

80,640 

3.030 

Preston and Longridge, 

37,000 

2,400 

Stockton aod Hartlepool, 

21,245 

660 

Wishaw and Coltness, 

24,000 

600 


PLAN-PRICKING INSTRUMENT. 

Sib — Amongst other duties, I am engaged in making a most 
extensive and minute survey of a large city, showing every house 
and all the drainage throughout, the scale being very large — 
1 inch to 100 feet ; and I am preparing duplicate fair copies of 
each sheet, which is being done by pricking through all the sheets 
at once, the original working drawing being placed uppermost. 
In doing this with the common prickei, I found that the draughts- 
man did not hold the pricker perpendicular; consequently, the 
lower sheets could not be accurate copies of the original. To 
obviate this, I have contrived an instrument, by which any atten- 
tion on the part of the draughtsman in keeping it perpendicular 
is not required : all he has to do is to be careful that he pricks 
through the proper points of the plan correctly ; the holes are 
then sure to be vertically under one another, let the sheets of 
paper be ever so numerous. 

Elevation. 




The engraving is a plan and elevation of the instrument, the full 
size. The arch a, is of brass, with a cylindrical crown 6, in which 
a piston c, works. At the lower end of the piston the needle- 
point is fixed ; the arch is moved over the paper until the needle- 
point is precisely over the spot to be pricked through ; the finger 
then presses on d, the top or the piston, which effects the punc- 


ture; and upon relieving it of the pressure, the spiral spring 
wound round the piston immediately raises it, and withdraws the 
needle-point from the paper ; — in this way the work is done both 
correctly and rapidly. 

To prevent the needle passing far through the paper and making 
a large hole, or sticking into the drawing-board, 1 have had a sheet 
of zinc to cover the board, and fastened down to it. This zine 
sheet being a little less in size than the drawing-paper, admits of 
the latter being all (one upon the other) pinned down to the board 
round their edges, which overlap the edges of the zinc. 1 find the 
zinc to be very advantageous in use, as it causes the needle to 
make no other than extremely fine holes. 

« « * 


STREET PAVING. 

Sir — It is not necessary at this time to revive the controversy 
formerly raised between the respective advocates of wood and stone 
paving ; experience or experiment — that great test of truth — will, 
ere this, have determined the opinions of most persons, as to the 
relative value or conditions of applicability of the two systems. 
It may not, however, have been considered how far combinations 
of the two might be made with advantage — adapted especially to 
certain cases. 

The repairing of Holborn-hill, consequent on the recent removal 
of the houses on the north side of Holborn-bridge, brings to consi- 
deration the inconveniences — nay, dangers, occurring to the carriage 
traffic on declivities such as this, with any mode of paving hitherto 
adopted. 

The placing of the granite stones obliquely to the line of surface, 
whereby the edges of the stones formed a series of sharp angles or 
steps (thus giving a rough surface and good foot-hold for horses 
drawing up, and obstructions to the too rapid sliding of wheels 
down the hill), appeared a vast improvement — and truly would be 
so, if the uneven surface thus obtained were not rapidly worn off by 
the continued traffic, and especially by the action of the drags on 
the wheels of carriages descending the hill. Thus the surface soon 
becomes smooth and slippery, whatever be the material used or 
form of laying, whenever the material is of one and the same kind, 
and consequently of equal wear throughout. 

If, however, we employed materials, in conjunction, of different 
characters and rates of wear, we should then maintain inequalities 
of surface, affording continuous foot-hold for horses, and obviating 
existing defects. 

Suppose that between each course of granite paving there were 
placed a thin course of wood, then the difference in the wear of the 
two would give the effect desired. 



The annexed sketch shows the arrangement. A course of granite 
stones, A, to be laid in the usual way across the road, being about 
three inches in thickness ; following this with a plank of wood, B, 
one inch thick, and of the deuth of the granites ; then following 
on with stonfes and planks in alternate courses. 

Let us not stand arguing doubts and probabilities, but put the 
question to the true testr— experiment. This can be done within a 
small space, and at little cost. 

J. L. 

Hampstead , August 8, 1848. 

[A plan something similar to the above has been tried In Cheapslie and In Piccadilly, 
but neither was ot wood. They both produced a very disagreeable rattling and joltlug in 
the carriage.] 
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EXPERIMENTS ON COALS. 

Report on the Coals Suited to the Steam Navy, By Sir Henry 
de la Beche and Dr. Lyon Playfair. 

Experiments necessary to ascertain the true practical value of 
coal involve a very large series of observations, extended over a 
considerable period, and directed to special objects of inquiry. 
The qualities for which particular kinds of fuel are pre-eminent 
being so varied, it is impossible to deduce general results from a 
limited series of observations. Even in the economical appli- 
cation of coals, their evaporative value, or their power of forming 
steam, one variety of coal which may be admirably adapted from its 
quick action for raising steam in a short period, may be far ex- 
ceeded by another variety, inferior in this respect, but capable of 
converting a much larger quantity of water into steam, and there- 
fore more valuable in the production of force. A coal uniting 
these two qualities in a high degree might still be useless for naval 
purposes, on account of its mechanical structure. If the cohesion 
of its particles be small, the effect of transport or the attrition of 
one coal against another by the motion of a vessel might so far 
pulverise it as materially to reduce its value. Even supposing the 
three qualities united, rapidity and duration of action with consi- 
derable resistance to breakage, there are many other properties 
which should receive attention in the selection of a fuel without 
the combination of which it might be valueless for our steam navy. 

There is an important difference existing between varieties of 
coals in the bulk or space occupied by a certain weight. For the 
purposes of stowage-room this cannot be ascertained by specific 
gravity alone, because the mechanical formation of the fragments 
of coal may enable one of less density to take up a smaller space 
than that occupied by another of a higher gravity. This is far 
from an imaginary difference, being sometimes as great as 60 per 
cent., and not unfrequently 40 per cent. The mere theoretical de- 
termination of the density of coals would, therefore, give results 
useless for practice. The space occupied between two varieties of 
coals, often equally good as regards their evaporative value, differs 
occasionally 90 per cent.— that is, where 80 tons of one coal oould be 
stowed, 100 tons of another of equal evaporative value might be 
placed, by selecting it with attention to its mechanical structure. 

These facts are mentioned merely to show that a hasty gene- 
ralization should not be made^ and to account for our drawing at- 
tention to these various points as a means of preventing the 
selection of a fuel from any one quality. We do not, in the 
present stage of this inquiry, consider it proper to offer any recom- 
mendation of our own as to particular kinds of fuel, leaving the 
experimental facts to decide for themselves. 

After preliminary experiments had proved that no practical 
result could be attained by mere laboratory research, it was 
determined to test each variety of coal on a scale of sufficient 
magnitude to check the theoretical views by the practical results. 
As it was impossible for either of us to devote our whole time to 
this inquiry, our services being required by other official duties, we 
appointed assistants* to superintend its special parts, under our 
general direction. 

It will be obvious that there are several circumstances which 
must receive attention before the true evaporative value of a fuel 
can be obtained. Thus, the water in the tanks has a varying tem- 
perature during the day, dependent on atmospheric changes, and 
is always different from that in the boiler. The temperature of 
water in the boiler also varies with the external temperature, and 
the circumstances under which the experiments are made. The 
shape of a Cornish boiler favours an inequality in the tempe- 
rature of the water in its various parts, the colder and denser 
water sinking to the bottom, and having a tendency to remain 
there ; so that the temperature of water at the surface is far from 
being the mean temperature of water in the boiler, the difference 
between the surface and bottom water being, on an average, 70°. 
Other circumstances naturally affect the evaporative powers of 
the coal, as for example the fact that all the water exposed to the 
action of the fire in the boiler is not converted into steam, and 
that wood is used to light the fire. Another circumstance of con- 
siderable importance, is the expansion or contraction of the boiler 
from an increase or diminution of the temperature. In the early 
stage of the experiments those conducted by Messrs, Wilson and 
Kingsbury, it was thought unnecessary to make a correction for 
this variation in conditions ; but on ascertaining experimentally 

• Tb« Matetants employed ircrt Mr. Wilton, Principal of tho Royal Agricultural Col. 
tegs. Mr. Klncabory, lfr. J. Arthur Phillips, and Mr. Hutchinson. Mr. Wrlghtaoo, a 
pupil of Lltbif, was «n trusted with tbs analysts of tho coal, Mr. OaUoway analysed tho 
gaots, and Mr. Bows also assisted la tbs analysts. 


that the difference was as much as 69*695 lb. of water in the con- 
tents of the boiler, between the temperature 150° and 919°, it 
became desirable to make an allowance for it, even when the dif- 
ference between the initial and final temperature was not greater 
than 10°. Other circumstances of less importance, but influencing 
the results, have been neglected, because the application of such 
corrections would have onlv complicated the results, and would 
have had little practical value when the errors of observation in 
such approximative experiments remain so large. Among these 
may be mentioned the quantity of gases evolved during combus- 
tion, the elevation in temperature of the air entering the fire-place, 
the barometrical and hygrometric conditions of the atmosphere, 
the radiation from the boiler (very small in amount, owing to its 
brick covering), the hygrometric state of the fuel, or the heat ne- 
cessary for obtaining mechanical draught in the chimney. In most 
of these cases the necessary observations have been made, to en- 
able the corrections to be applied, should it afterwards appear 
desirable. 


In making the calculation for the evaporative value of a fuel, 
the quantity consumed was divided into two portions, the first 
being that necessary to raise the whole mass of water exposed to 
the fire from the mean temperature to 919 3 , the second portion 
being that required to evaporate the water taken from the tanks 
from a temperature of 919\ To enable this to be done, the mean 
temperature of the whole mass of the water is ascertained — that is, 
the temperature of the water in the boiler at its initial tempera- 
ture after being mixed with the tank-water at its average tempe- 
rature. The average of the latter was the mean of several obser- 
vations taken during the day, and is designated by t. 

Let v> be the weight of water from the tanks at temperature t ; 

W the weight of water in the boiler at temperature f", this 
being obtained from surface temperature corrected by experiment ; 
l, temperature after mixture. 

Wtr + wt 
Th en< = - w + t0 - 


The correction for the wood was made from data procured 
by Messrs, Wilson and Kingsbury, but it can only be employed 
for the particular wood used, as in subsequent experiments the 
evaporative value was found very different from another quality 
obtained. The co-efficient of the evaporative power of the wood 
may be deduced from experiment, in which a certain weight of 
water was raised from a known temperature to the boiling point, 
and then a certain portion of it evaporated. The following for- 
mula have been used by Mr. Kingsbury for the calculation 
N is the total weight of wood used in raising C W 4- u>) (the 
weight of water in the boiler, and of that let down from the tanks 
during the experiment) from the mean temperature t to 919 3 ; 
then it is necessary to nnd the weight N' necessary to evaporate 
» from 919°, 


Then ^ = a, the evaporating power. 


Let m be the weight of wood required to raise W + to from t to 
919°, the number 1000 being assumed as the latent heat of steam. 
N to evaporate W + w from 919° 

N' to evaporate W + «0 from 919° 


Then m + N' = N. 


Now 



n 

m * 


„ . n W + w XT , 10 

But N' = w * ••• N = n W+Z, i 


Z(N-N') = (21S - t)n = (212 — t) N' ( — + - ) ; 


N / = N' (212 - t) + /} 

= ^{(* 18 -0(W + «>) + /}; 

<0 _ (212 - 0 (W + 10) + Iw 
fF “ N/ - 9 

or, introducing the value of t as given by the first formula, 

(1 + 212 - t) 10 + (212 - f) W _ 

N l — *• 

If q be the quantity of wood used in lighting the fire, eq will be 
the weight of water evaporated from 919° by the wood, and must 
be deducted from the weight of water evaporated in calculating 
the work done by the coaL 

The co-efficient of the evaporating power of the coals, or the 
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number of lbs. of water which one lb. of coal will evaporate from 
212°, may be calculated as follows : — 

Let P be the total quantity of coal consumed, then the work 
done by P will be to raise W + tv of water from t to 212®, and to 
evaporate w — eq from 212°. 

Let m be the weight of coal required to raise W + w to 212°, from t 
p „ * evaporate to — eq from 212? 

n „ „ „ W + w from 212° 


Then 



E, the evaporating power. 


Now P = m + P ; 


212 - t 
l 


m 

n 


But - = 
n 


w - eq 
W + w ; 



w-eq 
W + w 


)= 


212 - 1 
= Pt 


P-P* 


QV + to) (212 - t) -f (to - eq) l __ t v- eq _ £ 

p; ~ p ~ ' 

Introducing the values from which the mean temperature t was 
obtained (first formula), we have eventually — 

(/ + 212 - f) to + (212 - f) W leq 

Pi “ E 

in which W is the weight of water in the boiler ; 

to the weight of water drawn from the tanks ; 

V the mean temperature of water in the tanks ; 
f the corrected initial temperature of water in the boiler. 
In the preceding formulae, the latent heat of steam has been 
taken at 1000, the number generally used in this country; 
but after all the calculations had been made on this subject from 
the experiments by Messrs. Wilson and Kingsbury, and the results 
sent in to the Admiralty, Regnaults excellent memoir on the 
“Latent Heat of Steam” was published. It became necessary, there- 
fore, to use these new results in the future experiments. These, 
so far as they apply to the present inquiry, are reduced in the fol- 
lowing table. 


Table I . — Showing the Specific and Latent Heat of Water and Steam. 


Air 

Ther- 

mo- 

meter 

Centi- 

grade. 

Mercu- 

rial 

Centi- 

grade. 

Number 

of 

Unities 

of 

Heat 
aban- 
doned by 
one kilo, 
of water 
1c de- 
scending 
from 
TtoOo. 

Air 

Thermo- 

meter 

Fahren- 

heit. 

Mer- 
curia 1 
Fah- 
ren- 
heit. 

Number 

of 

Unities 

of 

Heat 
contain- 
ed in one 
pound of 
water at 
T°. 

Mean 
Specific 
Heat of 
Water 
between 
0° and T 
cent, or 
between 
32° and 
T Fahr. 

Specific 
Heat 
of Water 
from T 
to 

T + rfT. 

Latent Heat of 
Steam saturated 
to the tempera- 
ture T. 

Centi- 

grade. 

Fahren- 

heit. 

o 

0 

o 

0 000 

o 

32 


32 000 


1*0000 

606-5 

10917 

10 

.. 

10*002 

50 

,, 

50-003 

1 0002 

1*0006 

509 5 

1079 1 

20 

. . 

20 010 

68 

.. 

68-018 

1 0005 

1*0012 

602 6 

1066*7 

30 

.. 

30 026 

86 


80 046 

1*0000 

1 0020 

5857 

1064*2 

40 

. . 

40 031 

104 

,, 

104 091 

10013 

1*0030 

6787 

1041-6 

50 

I 50-2 

50 087 

122 

122-36 

122 156 

10017 

1 0042 

671-6 

1028 9 


.. 

60- 137 

140 

. . 

140 246 

1 0023 

1*0056 

664-7 

1016-4 

70 

.. 

70*210 

158 

„ 

158-361 

1 0030 

1*1072 

557-6 

10(3 7 

80 

.. 

80-282 

170 


176 507 

1*0035 

1 0089 

650-6 

0911 

00 

. . 

00*381 

104 


104 685 

1 0042 

1 0109 

543-5 

978*3 

loo 

1000 

100*500 

212 

2120 

212 IKK) 

1 0050 

1 0130 

536 5 

965 7 

110 

,, 

110641 

230 


231153 

1*0058 

1*0153 

529*4 

962 9 

120 


120806 

248 

,, 

240-450 

10C67 

10177 

522-3 

040*1 

130 


130 097 

266 

. , 

267-704 

1*0076 

1 0204 

515*1 

927-2 

140 

.. 

141-215 

284 


286-187 

1*0087 

1-0232 

608*0 

014-4 

150 

130*0 

151*462 

302 

3020 

304 632 

1.0007 

1*0262 

500*7 

901-2 

160 

.. 

161-741 

820 

, , 

823*133 

1*0109 

1*0294 

493 6 

888-6 

170 


172052 

338 


341 693 

10121 

1*0328 

486-2 

875- 1 

180 


182508 

350 


360*316 

10133 

1 0564 

470 0 

862 2 

100 


102 770 

374 


379*002 

1*0146 

1 0401 

471-6 

848 9 

200 ! 

200*0 

200 

302 

3920 

307-760 

1*0160 

1 0440 

464*3 

835*7 

210 1 


213 (M0 

410 

,, 

416 588 

1 0174 

1*0481 

456-8 

822*2 

220 


224*162 

428 


435 480 

1 0189 

1-0524 

449*4 

808*9 

230 | 

•• 

2.14 708 

[ 446 

: •• 

454 474 

1 0204 

1 0568 

441 9 

795*4 


It also became desirable to introduce new corrections, which the 
progress of the inquiry showed to be needful. Thus, Mr. Phil- 
lipss careful experiments determined the alteration in the capacity 
of the boiler at different temperatures, and correction was in future 
made for this difference. The alteration in the capacity of the 
measuring tanks was also estimated, whenever the temperature 
differed v* from that at which they were gauged. Another cause 
of error, for which allowance should be made, is any difference 
which may exist between the initial and final temperature at the 
beginning and close of the experiment. This difference being 
known by observation, the correction may be applied from the 
table of expansion of the water in the boiler, given. Introducing 
these new corrections into the experiments for ascertaining the 


co-efficient of the heating power of the wood, the following are 
the formulae used by Mr. Phillips : — 

(W - w ) (/ + t) + wt + («?'- w)f _ n 
P/ ~ ** 

In which W is the water let down from the tanks during the 
experiment. 

w = The weight of water found in the boilers at commence- 
ment of experiment. 

= The weight of water in boiler at close of experiment. 

/ =r Co-efficient of the latent heat of steam. 
t = Quantity of heat necessary to raise the water in tanks 
from its mean temperature to that at which it is evaporated. 

t f = Quantity of heat necessary to raise the water in the boiler 
from the initial to the final temperature. 

f = Quantity of heat necessary to raise water at the tempera- 
ture of tanks to the final temperature of water in the boiler. 

P = Weight of combustibles consumed during experiment. 

E = The co-efficient of the heating powers of wood. 

But when the initial is lower than the final temperature, the 
formula becomes— 

(w + 1* - «o / + wt + wt + (u>'- to) r _ ^ 

pi - *- 

All the terms retaining their original value except the last, in 
which f is replaced by f" (or the heat necessary to raise the final 
temperature to that at which the water was expanded), and must 
be regarded as having a negative value, while t’ becomes positive. 
If now q is the weight of wood used in lighting the fire, the 
formula for estimating the evaporative power of the coal will be 

( W — E 7 + to — to') l 4- ( W + to — ie') t + wt + (to' — «0 f __ v , 

P / “ 

. , (W — Eg + to — w') t + Wt + — to) f" 

And ■■ - |V . — • 


As the experiments are strictly comparative, and under like 
conditions, toe want of the other corrections, to which we have 
alluded above, will not be felt in examining the results ; while 
their execution would have introduced a refinement into the ex- 
periments which never could be obtained in practice, and which, 
in fact, would be useless and unwarrantable while, as previously 
remarked, the errors of observation in all such approximative ex- 
periments remain so large. 

The only omitted correction which in appearance might be sup- 
posed necessary for practical purposes, is that for the hygroscopic 
condition of the fuel. Had wood been employed, this must have 
been done ; but the hvgroscopic nature of coal is very much less 
than that of wood. The latter contains £ its own weight of hygro- 
scopic water ; and the heat necessary for the evaporation of this 
quantity might be shown by a simple calculation to be nearly equal 
to 22 per cent, of the total heat obtained by the combustion of the 
wood. The hygroscopic water in coal is however very small, as 
will be seen by the following determinations of some of the 
Welsh specimens experimented upon : — 


Graigola Coal 

Anthracite 

Oldcaatle 

Ward’* Fiery Vein 

Mynydd Newydd 

Pentrepoth 

Pentrefcliu 


Hygroscopic wafer. 
1-06 percent. 
2*44 „ 

074 

1*27 „ 


0*67 

0-78 

0*70 


Had we introduced corrections for these small quantities, prac- 
tice would have been misled ; because the coals will rarely reach 
a vessel in the dry state that they did in the present case, when 
they were packed in hogsheads and kept under cover. — It was 
found unnecessary to correct for anv inflammable gases flying up 
the chimney, because repeated analyses of the chimney gases 
proved them not to contain any combustible constituent ; the 
only products ever found being carbonic acid, sulphurous acid, 


oxygen, and nitrogen. The quantity of free oxygen in the 
chimney varied from \ to £ of the oxygen which combined with 
the fuel ; in other words, nearly twice the quantity of air passes 
through the fire than that which is strictly necessary by theory. 


With regard to the selection of the coals for trial, we have to 
refer to Mr. Wilson's letter. This letter gives the information 
obtained in a tour made by Professor Wilson for the purpose of 
ascertaining the best coals fitted for trial in the South Wales coal 
district, and the ports from which they can conveniently be 
shipped. This district was selected because the varying charac- 
ter of the coals, from the bituminous to the anthracitic, offered 
those which were most likely to combine the qualities desired for 
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naval purposes. It was intended, as being most convenient for 
the inquiry, to have adhered strictly to districts. In the experi- 
ments this has hitherto been done, except in special cases at the 
request of the Admiralty. 

The following table (Table II.,) contains an abstract of tbe 
results, so far as regards the evaporative value of the fuel. This 
table relates only to the economical value of the coals examined, 
and to the steam generated by a unit of the respective coals, 
without however implying a unit of time. The details with refer- 
ence to time, which forms a most important element in the value 
of the respective fuels, will be given hereafter. 

Table II. — Showing the Economic Values of the Coals . 


« l ° 

3 |g, 

2.8 a « 

g g 
a*2» 2 S 

c l-S u . < 

8 S£ 

T « S*o 

Ut 

!ii 


Table III.— Showing the Mean Composition of average samples of the Coals. 


Names of Coali ~ 
employed in the £ ° £> 
Experiments. o 


mu 


WELSH 
COALS. 
Graigola .. .. 

Anthracite. Jones 
Oldcastle Vein.. 
Ward’s fiery rein 
Bluea .. .. 

Llangennech .. 
Pentrepoth 
Pentrefelln 
Duffryn .. .. 

Mynydd Newydd 
Three-quarter 
Rock Vein .. 
Cwm Frood Rock 
Civm Nanty-gTo* 
Kesolven . . . , 

Pontypool.. .. 
Bedwas . . . . 

Ebbw Vale . . 
Portbmawr . . 
Coleshllt .. .. 

SCOTCH 
COALS. 
Dalkeith Jewel 
„ Coronation 
Wallsend Elgin 
Fordel Splint . . 
Grangemouth . . 
ENGLISH 
COALS. 
Broom hill 
Lydney 

IRISH. 

Slierardagh . . 
PATENT 
FUEL. 

Wylam's.. .. 
Bell’s .. .. 

Warlich’s.. .. 


8si 

N | £ 

& 

1 

II 

a 

If 

Z" 

M 

e x 

GO 

A. 

B. 

1 C - 

D. 

I E* 

F. 


lb. 

| lb. 


1 


9-35 

60-166 

81 107 

•742 

34-8 

37*23 

9-46 

58-25 

! 8 V786 

*679 

47-26 

38-45 

894 

50-916 

80-42 

•633 

57-946 

43-99 

9-40 

57-433 

83 85 

•685 

46- 

39- 

994 

57-08 

81-357 

702 

4253 

39-24 

8 86 

56-93 

81-85 

•695 

4376 

39-34 

872 

5772 

8173 

•705 

40-17 

38-80 

636 

66- 166 

84726 

781 

28 051 

33-85 

10-14 

53-22 

8272 

•643 

55 43 

42-09 

952 

56-33 

8173 

•689 

4509 

39-76 

884 

56 388 

83-60 

.674 

48 26 

3972 

870 

55-277 

78-299 

•706 

41-648 

40-52 

8-42 

56-0 

79 859 

701 

42-60 

40*00 

953 

58-66 

82-354 

*712 

40-39 

38 19 

7-47 

557 

82 35 

*676 

47-845 

40*216 

9 79 

160-5 

82-6 

•611 

63 565 

44-32 

1021 

' 53*3 

78-81 

•676 

45 98 

42-26 

7-53 

53*3 

86722 

*614 

62-7 

4202 

8-0 

63*0 

80-483 

•658 

1 

51-85 

42 26 

7-08 

49-8 

79-672 

•625 

59-994 

44-98 

771 

51 66 

78-611 

■657 

52 17 

43-36 

8-46 

546 

78 611 

•694 

43-78 

4102 

7-56 

55*0 

78-611 

*699 

4 -92 

4072 

7-40 

5425 

80-48 

•674 

I 

48 35 

40-13 

7*3 

I52-5 

77-938 

•673 

48-55 

42-67 

8*52 

1 54*444 

80 046 

•68 | 

4702 

41-14 

9-85 

j62*8 

99-57 

•630 

1 

58 55 

35-66 

8-92 

65-08 

68-629 

•948 

5-45 

34-41 

8 53 ! 

65 3 

71-124 

•918 

891 

34-30 

10-36 j 

6905 

72284 

*955j 

4-49 

32*44 


K H 

oJa 

• 5 ^ 2t$ 


9 66 581-20 - 
97 565 02! 
.. 455 18- 

10 6 608*78 ,« 
10 3 587-92 - 
9*2 523-75 J 

8- 98 518-32 i 
7-4 489-62!: 

11-80 540 12 - 
10-59 5:16-26 - 
.. 498 46 - 

9- 35 480-90 J 
. 8-82 471*52 - 
10 44 559 02 ; 

8 04 416-07 : 

9 99 494 39 < 
10-64 544 19 !< 

7-75 401-34 1 
8 34 424 0 < 


7 10 852-58 355*18 
7 86 398-29 370 08 
8-67 460-82 43577 
7-69 415-80 464*98 
7-91 401-45 380 40 


9-74 430*51 '418*89 
8 65 557*0 549 U 
10 60 715-36 457-84 


The economical results obtained by evaporation in the best- 
applied practice are ascertained to be only a small part of the 
theoretical result following from the actual quantity oi heat capa- 
ble of being generated. Still, as a comparative statement, it is 
necessary to contrast the economical heat given out by a coal with 
the theoretical quantity. The cause of tbe difference between the 
applied and theoretical quantities is, at least in a great degree, 
obvious, and does not by the apparent difference prove the fallacy 
of calculation. Before the comparison can be made, it is neces- 
sary to have a knowledge of the composition of the respective 
coals: of this we subjoin a table .— {See Table III.) 

Chemists differ as to the mode of calculating the theoretical 
heating values of coals, but, as an approximative rule, without in- 
sisting on its absolute accuracy, their calorific values are found to 
stand in relation to the quantity of oxygen required for their com- 
plete combustion. This may be estimated experimentally by 
heating the coal with an excess of litharge ; or it may be deter- 
mined by calculation from the known equivalents oi the com- 
bustible ingredients of the coal. From the quantity of lead 
reduced by the coal, the oxygen employed in its combustion may 
be estimated, and the calorific values stand in direct relation 
to this quantity. The amount of oxygen necessary to consume the 
combustible constituents may more accurately be determined 
by elementary analysis ; and thus calculated, the results are gene- 


Locallty or name of Coal. 


WELSH COALS. 

Graigola 

Anthracite 

Oldcaatle Fiery Vein 
Ward’s Fiery Vein 

Blnea 

Llangennech 

Pentrepoth 

Pentrefelln •• 

Duffryn 

Mynydd Newydd .. 
Three-quarter Rock Vein .. 
Cwm Frood Rock Vein 
Cwin Nanty.groa .. 
Reaolren 

Ponty Pool 

Bedwaa 

EbbwVale 

Portbmawr Rock Vein .. 
Coleahill 

SCOTCH COALS. 
Dalkeith Jewel Seam 
Dalkeith Coronation Seam 
Wallsend Elgin .. 

Fordel Splint 
Grangemouth 

ENGLISH COALS. 
Broomhill .. .. 

Park End. Lydney 

Slievardagh (Iriah) 

FOREIGN COALS. 
Fonnoaa I aland 
Borneo (Labuan kind) .. 

„ 3 feet seam 
M 11 feet seam 

PATENT FUEL. 

Wylam’a 

Bell’e 

Warllch'a 


w ►. a 

! 

&& Si 

ICO O 


91-44 3-46 
87-68 |4-89 

87- 87 3-93 

88- 66 '4-63 
85-46 14-20 

88- 72 4-50 
85-52 '3*72 
88*26 '4-66 
84-71 676 
75-15 4-93 
82-25 5*84 
78-36 5-59 
79*33 4-75 
807 0 5-66 
80-61 601 

89- 78 5-15 
7470 479 
73-84 5-14 


i 

U 

3 

d 


s 

J3 

O. 

*3 

| 

•s 

< 

2 

CO 

O 






0-41 

0*45 

7*19 

8*24 

0-21 

0--9 

2-58 

1-52 

1-31 

0-09 

3-39 

2-64 

2-02 

0-83 

* 

7-04 

1-43 

0-33 

1-03 

8-96 

1-07 

0-29 

2-44 

6-54 

0-18 


3-24 

3-36 

Trace. 

012 

4*55 

609 

1-45 

177 

0-60 

8-26 

1*56 

1*21 

3-52 

3-24 

1-07 

2-85 

504 

10*96 

1-11 

1*22 

3-58 

600 

1-86 

3-01 

5-58 

5-60 

1-38 

507 

* 

9-41 

1-35 

2*39 

438 

5-52 

1-44 

3-50 

1-50 

6-94 

2*16 

1-02 

0-39 

1-50 

1-28 

0*91 

3-60 

1472 

1-47 

2-34 

8-29 

8-92 

o-io 

0-33 

15-51 

4-37 

Trace. 

0-38 

14-37 

310 

1-41 

1-53 

505 

1070 

1*13 

1-46 

8-33 

400 

1-35 

1-42 

8-58 

3-52 

1-84 

2-85 

4-37 

3-07 

2-04 

2-27 

6-48 

1000 

0*23 

676 

* 

10-80 

0-64 

0-49 

10-95 

3-96 

0-80 

1-45, 

2075 

7-74 

0-98 

1*14 ! 

24-22 

14-32 

0*67 

1*17 

19-19 

3-23 

1-68 

1-25 

6- 63 

4-84 

0-81 

071 

0-42 

4-96 

Trace. 1 1-62 

* 

2-91 


lutmu^u in me A*n. 

rally found to be about J greater than those indicated by experi- 
ment with the litharge. The calculation from the elementary 
analysis depends upon the circumstance, that 6 parts, or one equi- 
valent, of carbon requires 16 parts, or two equivalents, of oxygen 
for combustion, whUe 1 part of hydrogen requires 8 parts of 
oxygen; it is only necessary, therefore, to subtract from the 
hydrogen a quantity corresponding to the oxygen contained in the 
coal to enable the calculation to be made on these principles. 

As the calorific values are only relative, it is useful to refer 
them to the heating power of pure carbon, one part of which 
requires 2*666 parts of oxygen for combustion, and is capable, ac- 
cording to Despretz, of heating 78*15 parts of water from its 
freezing to its boiling point. The calculation may be simplified 
by multiplying each part of lead obtained by 2*265, which give s at 
once the weight of water capable of being heated between these 
temperatures by a unit of the coal used in reducing the litharge. 

On these principles the following table is constructed. (See 

Table IV. v 

With regard to the practical application of fuel, such a table 
could not supersede experiment, as the economical values of the 
coal depend also on adventitious circumstances connected with 
their physical as well as their chemical condition. This table 
while on the whole it agrees with and confirms the practical 
results of experiments, still differs in a marked degree in one or 
two instances : this difference arising as much from the chemical 
as from the physical differences of the coals. Thus, if by destruc- 
tive distillation, which occurs in furnaces before combustion a 
large quantity of the constituents of tbe coal are rendered gaseous, 
so much heat is expended in this act that the heat developed by 
their after-combustion is frequently not greater than that ab- 
stracted during their formation, in which case a thermo- neutrality 
occurs. To ascertain tbe proportion of fixed and volatile products 
in tbe various coals, a very difficult and elaborate process 
was adopted ; but tbe tediousness and chances of failure in this 
kind of analysis have induced us to include only a limited number 
of coals (those given in Table V.), especially as for steam purposes 
it was sufficient to determine the per centage of coke, as stated 
in Table II. 
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Tablc IV . — Showing t he Calorific Values of the Coalt . 


Locality or Name of Coal 
employed in tbe Experiments. 

Quantity of Lead reduced by one 
pait of Coal. 

Oxygen removed from Litharge by 
one part of Coal. 

Quantity of Oxygen theoretically 
required by Carbon and 
Hydrogen. 

Quantity of Oxygen required by 
Carbon alone. 

Relative calorific values, Carbon 
taken aa 100, calculated from A. 
and B. 

Number of lbs. of Water which 

1 lb. of Coal can raise from 22° 
F&ht. to 212° Faht., calculated 
from A. 

WELSH COALS. 

A. 

B. 

C. 

D. 

E. 

F. 

Graigola 

8208 

2*49 

2*49 

2*26 

93*4 

72*66 

Anthracite (Jones and Co.) 

33*48 

2*60 

2*69 

2*43 

97*5 

7573 

Oldcastle Fiery Velu 

31*42 

2*44 

2*71 

2*34 

91*5 

71*16 

Ward’s Fiery Vein 

31*46 

2*44 

2*65 

2*34 

91*5 

71*25 

Blnea 

81*64 

2*46 

272 

2*36 

92*2 

71*66 

Llangenneck .. 

82*66 

2*53 

2*59 

2*28 

94*9 

73*97 

Pentrepoth .. 

31*16 

2*39 

2*69 

2*36 

89*6 

70*57 

Pentrefelln 

80*52 

2*37 

2*53 

2*28 

89*2 

69*13 

Powel’s Duffrvn 

30*00 

2*83 

2*71 

2*35 

87*7 

67*95 

Bfynydd Newydd 

30*34 

2*35 

2*67 

2*25 

88*5 

68*72 

Three-quarter Hock Vein 

Cwm Frood Rock Vein 

26*62 

2*<‘6 

2*34 

2*00 

77 2 

60*29 

28*30 

2*19 

2* 62 

2*19 

82*5 

64* 10 

Cwra Nanty-Gros .. 

29*64 

2*28 

2*47 

2*08 

85*5 

67*13 

Read ven 

32*16 

2*50 

2*49 

211 

937 

72*84 

Pontypool .. .. .. 

27*46 

2*13 

2*55 

2*15 

80*2 

62*19 

Bed was .. .. 

28*20 

2*19 

2*0 

2*15 

82*1 

63*87 

Ebbw Vale 

32*00 

2*48 

2*80 

2*39 

93*0 

72*48 

Porthmawr Rock Vein .. 

24*78 

1*92 

2*33 

1*99 

72*0 

56 12 

ColeahiU 

26*14 

2*03 

2*28 

1*96 

76*1 

59*21 

SCOTCH COALS. 







Dalkeith Jewel 8e«m . . 

26*42 

2*05 

2*24 

1*98 

76*8 

69*84 

,, Coronation Seam 

24*56 

1*96 

2*32 

2*05 

73*5 

55*63 

Elgin Wallaend .. .. 

29*06 

2*25 

2*38 

2*02 

84*7 

65*82 

Fordel Splint .. .. 

29*00 

2*25 

2*47 

2*12 

84*7 

65*68 

Grangemouth .. 

28*48 

2*20 

2*46 

2*13 

82*8 

64*51 

Broom hill (English) .. „ 

25*32 

1*96 

2*63 

2*18 

73*5 

57*35 

Slievardagh (Irish) 

30*10 

2*33 

2*31 

2*13 

877 

70*44 

PATENT FUEL. 







Wylam’s .. .. 

28*32 

2*23 

2*52 

2*18 

84*0 

65*27 

Bell’s 

28*62 

2*21 

2*76 

2*34 

83*2 

64*59 

Warlich's 

31*50 

2*44 

2*84 

2*40 

91*6 

71*35 


Table V . — Showing the Amount of Various Substances jnroduced by the 
destructive Distillation of certain Welsh Coals . 


Name. 

Coke. 

, 

Tar. 

Water. 

Ammo- 

nia. 

Car- 

bonic 

Add. 

Sulph. 

Hydro- 

gen. 

Olefiant 
Gas and 

Hydro- 

Carbon. 

Other 

Gases 

inflam- 

mable. 

Graigola . . . . 

85*5 

1*2 

3*1 

0*17 

279 

Traces. 

023 

7 01 

Anthracite . .. 

92 9 

None. 

2*87 

0*20 

006 

0 04 

? 

3 93 

Oldcastle fiery vein 

79 8 

5*86 

3*39 

0*35 

0*44 

0 12 

0*27 

977 

Ward's fiery vein 


1*80 

3*01 

0*24 

1*80 

0*21 

0*21 

. , 

Binea . . . , 

88*10 

208 

858 

0*08 

1*68 

0*09 

0 31 

4 08 

Llangenneck . . 

83*69 

1*22 

4 07 

0 08 

3 21 

002 

0*43 

7*28 


It has been for some time asserted, that the evaporative value of 
a bituminous coal is expressed by the evaporative value of its 
coke, the heat of combustion of its volatile products proving in 
practice little more than that necessary to volatilise them. If 
this supposition were even near the truth, the most useful practical 
results might follow from it. By a larger and better applied system 
of gas manufacture, the volatile products of distillation miffht be 
made useful not only for the purposes of illumination, but also for 
domestic heat, and the residual coke might be used with an equal 
economy in our manufactures* ; thus preventing the emission of 
that smoke which at present is so destructive to the comfort of 
our large cities. It is easy from analysis to examine whether the 
duty performed by the coal is to be attributed to its fixed ingre- 
dients or coke, by estimating the work which the latter is capable 
of performing. This may be done by subtracting the amount of 
ashes in the coal from its amount of coke (Table III.') and esti- 
mating the remainder as carbon. This carbon multiplied by its 
heating power, 13268, and divided by 965*7 or the latent heat of 
steam, indicates the number of pounds of water which the coke by 
itself could evaporate, without the aid of the combustible vola- 
tile ingredients of the coal. These results are placed in column 
B, of Table VI., in juxta-position with the actual work done by 
the coal, and it will he seen, that notwithstanding several striking 


* In this cate it would not be necessary to carry on the process of distillstlon so far 
aa at present, as the residual coke would be more combustible and tbe gases purer. 


exceptions, which might have been expected, they on the whole 
show that the work capable of being performed by the coke alone, 
is actually greater than that obtained by experiments with the 
original coal. 

The whole system of manufacturing coke is at present very im- 
perfect. Besides losing the volatile combustible substances, which 
under new adjustments might be made of much value, an immense 
auantity of ammonia is lost by being thrown into the atmosphere. 
Ammonia and its salts are daily becoming more valuable to agri- 
culture, and it is their comparative high price alone which 
prevents their universal use to all kinds of cereal cultivation. By 
a construction of the most simple kind, the coke ovens now in use 
might be made to economise much of the nitrogen which invariably 
escapes in the form of ammonia. As an inducement to this 
economy, we have appended to Table VI. two columns (H. and I.), 
showing the quantity of ammonia (NH„), and its corresponding 
quantity of commercial sulphate (N H 4 O, S 0„), which each 
100 lb. of the respective coals may be made to produce. When it 
is remembered, that the price of sulphate ot ammonia is about 
£13 per ton, or that 100 tons in coking is capable of producing, on 
an average, about 6 tons of this salt, its neglect is highly repre- 
hensible. 

By the preceding data, the actual value of the coals will be con- 
trasted with that which is theoretically possible, supposing their 
combustion proceeded under circumstances which prevented any 
loss of heat. The actual duty obtained by a pound of coal from 
the boiler employed may be easily expressed by the number of 
ounds raised to the height of one foot. This result may readily 
e obtained by the simple formula — 

Wn X 965*7 X 782 = *, 

W representing water, of which if pounds are evaporated by a 
pound of coal. This formula is deduced from the fact that 
V pounds of water multiplied by 965*7,* or the co-efficient for the 
latent heat of steam at 2 12°, indicates the number of pounds of 
water which would be raised 1° Fahrenheit ; and the number 782 
arises from experiment on the mechanical force denoted by the 
elevation of a pound of water 1° Fahrenheit ; that force being 
equal to 712 lb., raised to the height of one foot, according to the 
careful experiments of M. Joule, on the friction of oil, water, 
and mercury. 

The theoretical value of the coals, with reference to the number 
of pounds of water which one pound of fuel will convert into 
steam, is obtained by the formula — 

C X 13268\ /H-AX 62470 \ 

“"965-7 ) + \ 9651 ) * 

in which C is the quantity of carbon, H the quantity of hydrogen 
in a unit of fuel, and h the quantity of hydrogen corresponding to 
the oxygen contained in the coal. These multiplied by their 
heating powers, according to the results of Dulong, and divided 
by the latent heat of steam, indicate the number of pounds of 
water that can be converted into the latter by a pound of coal. 
The numbers thus obtained can be changed into the expression of 
mechanical force, by the previous formulae. 

The result of these calculations are thrown into Table VI. 

The best Cornish engines are stated to raise 1,000,000 lb. to the 
height of one foot, by every pound of coal consumed ; so that only 
about £ of the actual force generated becomes available, or only ^ 
or of the force theoretically possible, is applied in practice. 
The various experiments made on boilers, with regard to the eva- 
porative power of coal, have not given very uniform results, 
omeaton, m 1772, with one pound of Newcastle coal, evaporated 
7*8t lb. of water from 212 3 ; Watt, in 1788, came to the conclusion 
that 8*62 lb. of water might be evaporated by the same quantity of 
coal; and later (in 1840), Wicksteed found that lib. of Merthyr 
coal could be made to evaporate 9*493 lb. of water from 80°, which 
is equal to 10*746 lb. from 212°. In some experiments made on 
the boiler of the Loam's engine, at the United mines, in Cornwall, 
each pound of coal was found, by a trial of six months, to evapo- 
rate 10*29 lb. of water from 212°, this being the reduction of the 
result given, viz., that 234.210 cubic feet of water at 120 5 were 
evaporated by 700 tons of coal. Statements have indeed been 
maae that 141b. of water have been evaporated by 1 lb. of coal 
burned in Cornish boilers; but as this is the utmost quantity 
theoretically possible, it is difficult to conceive that it has been 
realised in practice, even in the best-constructed steam-engines. 


* The eo-efficlent fcr the latent heat of steam at 212° is generally taken at 1000°, hut 
the above number li from the recent experiments ot Hern suit on this subject, aa give® 
in Table I. 
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Table VI. — Showing the Aetna! Duty, and that which ie theoretically 
pouible, of the Coale examined. 


Name or Locality 
of Coal employed 
In the 

Experiment*. 

Actual number of lb*, of Water 
converted Into steam by 1 lb. of 
Coal* 

Number of lb*, of Water converti- 
ble Into Steam by t be Coke left 
by the Coal.t 

Number of lb*, of Water con- 
vertible into Steam by the Car- 
bon of the Coal.t 

Gralgola .. 

A. 

9*35 

B. 

11*301 

C. 

11*660 

Anthracite 

9*46 

12*554 

11*663 

OldcasUe Fiery Vein 

8*94 

10*601 

12*046 

Ward** Fiery Vein 

9*40 

.. 

12*072 

Blnea . . 

9*94 

11*560 

12*181 

Llangenneck 

8*86 

10*599 

11*741 

Pentrepoth . . 
Pentrefelin . . 

8*72 

10*873 

12*189 

6*36 

10*841 

11*749 

Powell** Duffryn 
Mynydd Newydd 

10*149 

11*134 

12*126 

9*52 

9*831 

11*463 

Three- quarter Rock 

8*84 

7*#8i 

10*325 

Cwm Frood Rock 

8*70 

8*628 

11*300 

Cwm Nanty-Grea 

8*42 

8*243 

10*767 

Resolve n . . 

9*53 

10*234 

10*899 

Pontypool . . 

7*47 

8*144 

11-CW8 

Bed was 

9*79 

8*897 

11*075 

Ebbw Vale .. 

10*21 

10*441 

12*335 

Porthmawr Rock 

7*53 

6*647 

10*261 

Coleshtll 

8*0 

6*468 

10*145 

Dalkeith Jewel .. 

7*08 

6*239 

10*242 

DalkelthCoronatlon 

7.71 

6*924 

10*570 

Wallwnd Elgin 

8*46 

6*560 

10*454 

Fordel Splint 

7*56 

6*560 

10*933 

Grange mouth 

7*40 

7*292 

10*970 

Broouihlll .. 

7*30 

7*711 

11*225 

Park End, Lydney 

8*52 

6*567 

10-10T 

SUerardagh (Irish) 

9*85 

10*895 

10*995 

Formosa Island 

,, 

,, 

10*752 

Borneo (L&bu&n) 

, . 

,, 

8*864 

„ 3 feet seam 

, . 

„ 

7*461 

.. 11 

,, 

. . 

9*652 

Wylam** Pt. Fael 

8*92 

8*378 

11*186 

Warlich** .. 

10*36 

11*292 

'12*368 

Beil** 

8*53 

1 9*168 jl2*074 


a ►% 

8« 

if. 

W 

88 

l-SS 



2 

D. 


1*903 

2*030 

2*890 

2*542 

2*912 

2*519 

2*649 


2*038 

2*966 

3*441 

2781 

3*488 

3*165 

3*072 

3*307 

3*766 

3*300 

2*648 

2*654 

2*071 


2*202 

2*968 

2*884 

2*722 

8*638 

3*156 

1*487 


2*801 

1*388 

1*295 


1*948 

3*145 

3*596 

8*343 



E. I 

18*563 

14*593 

14*936 

14*614 

15*093 

14*260 

14*838 

13*787 

15*092 

14*904 

13*106 

14*788 

13*932 

13*971 

14*295 

14*841 

15*635 

12*811 

12799 

12*313 

12772 

18*422 

13*817 

18*692 

14*863 

13*257 

12*482 

18*533 

19*252 

8*756 

11*600 

14*331 

15*964 

15*417 


, F. I G. 
7,060,908 10,242.471 
7,143.978 11,020,803 
6,751,285 11,279.829 
7,098,667 11,036,162 
7,506,463' 11,397,892 
6,690,871 10,768,829 
6,585.146 11,205.322 
4,802.928110,411,630 
7,664,295: 11,397, 137 
7,189,288 11.255.163 
6.675,768 1 9,897,855 
6,57), 04 i 11,167.563 
6 358,593 10,521,131 
7,106,840 10,550,583 
5,641,175 10,795,260 
7,393,186 11,207,587 
7.710,361 ' 1 1 ,025, 198 
5,686,485 1 9,674.577 
6,041,419 9.665,615 
5,846,655 9.298.499 
5,822.417! 9,645.125 
6,388 800 10,135.991 
6.709,141 10,484.286 
5,688,312 10,339,888 
5,613,795 11.224.201 
6.434 111:10,011,886 
7,438,497 9.426.124 
10,234,919 
7 742,078 
6,612,313 
, 8 760,657 

'10,822,447 

.823.637 12.055,652 
1,44 1 ,663 1 1 ,642,569 


1.736.182 


H. 
0*497 
0*225 
1*590 
1*238 
1*586 
1*299 
0*218 
Trace. 
1*76 » 
1*808 
1*299 
1*347 
1*919 
1*675 
1*639 
1*748 
2*622 
1*554 
1*785 
1*214 
jTraoe- 
1*712 
1*372 
1*639 
2*234 
1*4/7 
1 0*279 
; 0*777 
0*977 
1*132 
0*813 
2*040 
Trace.] 
i 0*983 


1 . 

1*932 

0*990 

6*175 

4*808 

6*741 

6*044 

0*848 

6*885 
7*340 
5*044 
5*232 
7*448 
! 6*505 
6*364 
6*788 
10*182 
6*033 
6*930 
0*471 

6*647 

5*327 

6*364 

8*674 

9*617 

1*084 

8*017 

3*771 

4*620 

3*158 

7*920 

3*818 


* Practical. t Theoretical. t Calculated from heat obtained. 

To ascertain how far our boiler was inferior to Cornish boilers, 
as principally from its size and less efficient coating it was likely 
to prove, we requested Mr. Phillips to make some experiments on 
one of the best engines in Cornwall. It was found by these expe- 
riments, that 11 ’42 lb. of water were evaporated by every pound of 
Welsh coal corresponding in composition to that of Mynydd 
Newydd ; or, in other words, that improved Cornish boilers on a 
large scale may be assumed to have a superiority of nearly 20 per 
cent, over that used in these experiments. As the results stated 
in this Report are only relative, the comparison is not affected by 
this difference. 

We have anxiously looked to the application of these experi- 
ments to the different varieties of patent fuel, but we have not 
been able to carry our observations in this direction to the extent 
we could have desired, from our inability to procure patent fuels 
in sufficient number, although our applications to the patentees 
have been numerous. Three varieties have been already examined, 
viz., those manufactured under the patents of Messrs. Wylam, 
Warlich, and Bell, and the results are given in the tables. The 
varieties of patent fuel are generally made up in the shape of 
bricks, and are therefore well adapted for stowage; so that, 
though the specific gravity of patent fuels is lower than that of 
ordinary coals, from their shape and mechanical structure there 
are very few coals which could be stowed in a smaller space per 
ton. WTiile we look to the different varieties of patent fuel as of 
the highest importance, and, from their facility of stowage, as 
being peculiarly adapted for naval purposes, and perhaps even 
destined to supersede ordinary coal, at tne same time, the greater 
part do not appear to be manufactured with a proper regard to the 
conditions required for war steamers. It is usual to mix bitumi- 
nous or tarry matter with bituminous coal, and from this compound 
to make the fuel. An assimilation to the best steam coal would 
indicate, however, the veryreverse process, and point to the mixture 
of a more anthracitic coal with the bituminous cement. As the 
greater part is at present made, it is almost impossible to prevent 
the emission of dense opaque smoke, a circumstance extremely in- 
convenient to ships of war, as betraying their position at a dis- 
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tance at times when it is desirable to conceal it. Besides this and 
other inconveniences, the very bituminous varieties are not well 
suited to hot climates, and are as liable to spontaneous combustion 
as certain kinds of coal. To avoid these inconveniences, some 
kinds of patent fuels have been subjected to a sort of coking, and 
thus, in a great measure, obtain the desired conditions. There is 
little doubt, however^ that notwithstanding the large number of 
patents in operation for the manufacture of fuel, its value for the 
purposes of war steamers might be much enhanced by its prepa- 
ration being specially directed to this object. It will be seen, by 
reference to Table II., that the three patent fuels examined rank 
among the highest results obtained. Should it be desirable to 
continue this inquiry, we conceive that it would be advantageous 
to pay special attention to this subject, by experimenting upon 
proper mixtures of different coals. Even anthracite may be in- 
troduced into such mixtures with advantage. 

It is of much importance in an economical inquiry on coals, to 
obtain exact information as to the effects likely to be produced 
upon them by stowage and continued exposure to high tempera- 
ture, not only as regards their deterioration, but also as to the 
emission of dangerous gases by their progressive changes. 

The retention of coal in iron bunkers, if these are likely to be 
influenced by moisture, and especially when by any accident 
wetted with sea- water, will cause a speedy corrosion of the iron, 
with a rapidity proportionate to its more or less efficient protection 
from corroding influences. This corrosion seems due to the action 
of carbon or coal forming with the iron a voltaic couple, and thus 
promoting oxidation. The action is similar to that of the 
tubercular concretions which appear on the inside of iron water- 
pipes, when a piece of carbon, not chemically combined with the 
metal, and' in contact with saline waters, produces a speedy corro- 
sion. Where the “ make ” of iron shows it to be liable to be thus 
corroded, a mechanical protection is generally found sufficient. 
This is sometimes given by Roman cement, by a lining of wood, or 
by a drying oil driven into the pores of the iron under great 
pressure. 

Recent researches on the gases evolved from coal, prove that 
carbonic acid and nitrogen are constantly mixed with tne inflam- 
mable portion, showing that the coal must still be uniting with 
the oxygen of the atmosphere, and entering into further decay. 

Decay is merely a combustion proceeding without flame, and is 
always attended with the production of heat. The gas evolved 
during the progress of decay, in free air, consists principally of 
carbonic acid, a gas very injurious to animal life. It is well known 
that this change in coal proceeds more rapidly at an elevated tem- 
perature, and therefore is liable to take place in hot climates. 
Dryness is unfavourable to the change, while moisture causes it to 
proceed with rapidity. When sulphur or iron pyrites ^a compound 
of sulphur and iron) is present in considerable quantity in a coal 
still changing under tne action of the atmosphere, a second 
powerful heating cause is introduced, and both acting together, 
may produce what is termed spontaneous combustion . The latter 
cause is in itself sufficient, if there be an unusual proportion of 
sulphur or iron pyrites present. 

The best method of prevention, in all such cases, is to ensure 
perfect dryness in the coals when they are stowed away, and to 
select a variety of fuel not liable to the progressive decomposition 
to which allusion has been made. This is, however, a subject of so 
much importance to the steam navy, that it continues to receive 
our careful attention ; and, beyond these general recommendations, 
it would be premature to offer any decided course for adoption, 
from the present limited series of observations. 

Several varieties of coal were transmitted from Formosa and 
from Borneo, for analysis, the results of which are contained in 
the accompanying table. The quantity of each kind was so small, 
that no experiments could be made on their evaporative value. 
W e extract from the preceding table the following results : — 


Name. 

Carbon. 

Hydro- 

gen. 

Nltro. 

gen. 

Sulpbnr. 

Oxygen. 

Ashes. 

i 

Specific 

Gravity. 

Formosa Island 

78*26 

5*70 

064 

0*49 

10 95 

8*96 

1 24 

Borneo, Labusn kind 

64 52 

4*74 

0*80 

1*45 

20*75 

7*74 

1 2» 

„ 3 feet seam 

54*31 

6*03 

0*98 

114 

24*72 

14*32 

1 37 

,, 11 feet seam 

70*33 

5*41 

0 67 

1-17 

19*19 

3*23 

121 
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THE HOUSES OF PARLIAMENT. 

That so important an edifice and national work as the “ Houses'* 
should be a frequent subject of discussion, both in parliamentary 
debate and out-of-door criticism,is only natural, especially as opin- 
ion is divided, some speaking in terms of unqualified admiration, 
while others see much cause for dissatisfaction, and express it accord- 
ingly; and some of the rudest critics of all whom Mr. Barry and his 
building have had to encounter, are among the members of the 
“ House" itself — to wit, Messrs. Urquhart, Osborne, and Hume, and 
Sir D. Norreys, whose unfavourable opinions gain formidableness 
because they go forth to every nook in the kingdom where a news- 
paper finds its way. Last month we spoke of an article on the 
“ Houses of Parliament," which had just before appeared in the 
“ Westminster Review” — and which, by-the-by, is now known to 
proceed from the pen of Earl Lovelace; and in the interval another 
has appeared in the “ Mechanics Magazine ," of similar tendency. 
Whether this latter will call forth any remonstrance against it 
from the “ Builder” remains to be seen ; for at the present time 
of our writing, opportunity for reply to it has not arrived. The 
“ Magazine " takes up the “ Builder " pretty sharply upon two 
points. The first of them is the attempt on the part of the last- 
mentioned publication to set aside Lord Lovelace's objections to 
the position of the Victoria Tower at a corner, and the most remote 
corner, of the building, by remarking that such position for it 
was dictated by the plan adopted by Mr. Barry ; whereupon the 
“ Magazine " is somewhat sarcastic, and to say the truth, Mr. Barry 
has no cause to feel particularly grateful towards a defender who 
exculpates him, by removing the fault from him and throwing it 
upon— his design : as if defects of arrangement were to be attri- 
buted to the plan itself, and not to the architect. If the internal 
arrangement which first presented itself to the architect occasioned 
what is an incongruity in the exterior, the very natural question 
is : Why did he not, instead of adopting it, deviate from it so as to 
bring in the Royal entrance porch in some less objectionable 
situation ? — and objectionable it seems to be, for even his champion, 
as the “ Mechanic s Magazine” calls the “Builder” does not pre- 
tend to say that it is not so, but merely that it is to be excused 
by being attributed to — the plan ! 

The second point upon which the “Mechanics Magazine " is 
rather strong and severe with the “ Builder” is the unguarded 
assertion that, although it is so now, it does not follow that the 
Victoria Tower will always be at the extreme corner of the edifice. 
The actual possibility of extending the buildings and carrying them 
on farther southward, by pulling down the houses on the east side 
of Abingdon-street as far as might be required, is not to be disputed. 
The probability is a very different matter, — more than can now be 
foreseen, and is, besides, what Mr. Barry himself neither does nor 
ever has contemplated ; the Victoria Tower being the conclusion 
and finis of his plan, southwards. As the “ Mechanics Magazine” 
remarks, the south-west is now finished, at least in its lower part, 
so as to render it impossible to prolong the building, and thereby 
remove that Tower from its position as an extreme point in it. 
Done it could be, but only by undoing what is equally beautiful 
and costly — namely, the south side of the Royal porch, which would 
have to be blocked-up and built up against. 

The Royal entrance is now fixed beyond the possibility of change 
for it. Yet, it is not even now too late to re-consider some other 
points in the design. For instance, although the position of that 
important entrance may be justified by necessities of internal 
arrangement, and although it is very properly made a striking 
feature in the design, the necessity for erecting over it a tower of 
very unusual magnitude, and thereby proclaiming afar off the 
“ eccentricity," as the “ Mechanics Magazine” terms it, of that 
porch, is not at all apparent ; more especially, as that lofty super- 
structure will be more for sight than for any real service. We 
incline, therefore, to the opinion of the “ Athenceum ," that it would 
be more adviseable now to abandon the idea of that ambitious 
Tower, and terminate the Porch a little above its present height. 
Either some curtailment, we fancy, of Mr. Barry's plans must take 
place, or the ultimate completion of them must not be looked for 
by the present generation. 

Could the Tower in question have been introduced in the centre 
of the general plan, it would have given not only pyramidal group- 
ing to the whole pile, but harmonious contrast in its lines to the 
composition. Marked verticality of lines in such an imposing 
feature, so placed, would have been opposed to horizontality of lines 
in the principal front. The lofty upright mass and the horizontally- 
extended fa9ade would have balanced each other, and mutually set 
each other off. Other towers there now will be, rising up behind 
the river-front ; but how far they will agree with it, and with the 


larger tower also, is doubtful. If we mistake not, they are intended 
to be tapering and spiry in outline— consequently of quite a different 
character from the compact solidity which marks the Victoria one ; 
therefore somewhat at variance with the character of the front 
also. At least, there is reason for apprehending that the arrange- 
ment of the several towers will appear very irregular, if not con- 
fused, and occasion an unpleasant discord with the studied 
regularity and uniformity of the principal front — principal at least 
in extent, though both its situation and its aspect render it in 
some degree a merely secondary one. If there must be a tower 
that shtdl, by its superior bulk, greatly predominate over all the 
others, it surely ought to show itself in some central situation- 
central as regards one of the fronts, if not central as regards the 
entire plan ; otherwise, it will appear to have been left to chance 
to determine and “ dictate" the respective situations ’of those 
features, instead of their being arranged with some regard to that 
symmetry which is observed in the main, as far as it was possible 
to do, and which at present stamps the whole of the east side of the 
edifice. 

It will perhaps be said that the position of the Victoria Tower 
was known from the very first : it has been shown again and again 
in the various engravings and cuts innumerable, copied or made up 
from the view of the future building given by the architect himself ; 
its grandeur has been admired, without exception being taken at its 
situation. Yet, though no objection has been made all along, now 
comes Earl Lovelace with a very strong protest against that Tower . 
Wherefore was his Lordship so tardy with his remonstrances ? or 
how happens it that no one else could perceive, or perceiving, cared 
to object to what is now alleged to be a most serious defect in the 
general design ? The position of the Tower could hardly have 
been overlooked by, or indeed have failed to strike, the most care- 
less observer who glanced at any of the published views. Very 
true ; but merely seeing with the eyes, is quite a different matter 
from seeing with artistic vision. It is not every one who can see, 
in the latter sense of the word, what is actually before their eyes. 
Many, again, don’t care to see, even if they can do so. Others, 
though they may be somewhat dim-sighted, have very convenient 
spectacles of criticism through which they gaze, and perceive either 
only all beauty or all deformity — either transcendant excellence, 
or ridiculous monstrosity. 

The many, who have no opinion of their own, are overawed by 
this kind of dictatorial, one-sided stuff which calls itself criticism, 
and is presented to them in the imposing form of type and printed 
paper. While those who are capable of j udging for themselves either 
do not care to raise a dissentient voice amidst the general hubbub of 
applause, or condemnation, as the case may be ; or else have not 
the opportunity of doing so. With respect to the “ Houses^ both 
the “ Westminster Review " and the “ Mechanics Magazine* have 
ventured to dissent from the acclamations of praise bestowed 
upon them in other quarters. It must be allowed that both those 
articles dwell almost exclusively upon defects, or what their writers 
consider such : yet surely there is nothing particularly strange in 
that, the object of both being to open people's eyes to many cir- 
cumstances that have all along been kept out of sight. If to point 
out only faults and objections be invidious, by the same rule, to 
pass them entirely over, and point out only merits and beauties 
— would that all of them were where they could be seen ! — may be 
called sycophantic : so that between the two we may arrive at a 
tolerably correct and sober judgment. 


BOROUGH OF LIVERPOOL. 

Report to the Health Committee of the Borough of Liverpool, on 
the Sewerage and other works under the Sanitary Act , by the Borough 
Engineer -, (James Newlands.) 

The facts detailed in the Report of the engineer of the Liverpool 
corporation afford a strong commentary on the claims of the mili- 
tary engineers. We have heard a great deal about the irresponsi- 
bility of the Associated Surveyors, and the superior responsibility 
and guarantee of the military engineers ; and Mr. Chadwick rests 
the defence of his job on this plea. We have always held the 
contrary view, from our experience of the two classes, and this 
Liverpool affair comes in confirmation. The fact is, the military 
engineers are virtually irresponsible — they cannot be made to per- 
form their work properly or punctually ; while the civil engineer, 
at Liverpool for instance, is responsible in his professional charac- 
ter and capacity, and liable to be dismissed by his employer if he 
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do not give satisfaction. From the misconduct of the Ordnance 
functionaries, the corporation of Liverpool are put to the trouble, 
expense, and delay of a second survey — and, to make it worse, they 
have no remedy. Whether the metropolitan survey will turn out 
better we have our doubts : but it remains to be seen. At all events, 
the Treasury will have to make good any short-comings of the 
Ordnance surveyors. 

If the Ordnance have been unable to do their work properly and 
in time at Liverpool, what security have we against delay in the 
general and metropolitan surveys? To the great disgrace of 
the government, engineers have long had to use the northern 
sheets of Mr. Cary’s survey ; and now this dilatory body, having 
proved itself incompetent in its past duties, is to have more thrust 
upon it. Why do not the Associated Surveyors get Mr. Wyld to 
move for a parliamentary committee of inquiry into the general 
management of the surveys carried on by the Ordnance ? 

This Report is a sufficient specimen to show that civil engineers 
are not incompetent for sanitary duties, and we hope it will not be 
forgotten, for doubtless Mr. Chadwick will next propose that 
military engineers should be chosen to laydown the lines of drain- 
age, and carry out the details under the “ Health of Towns” Act. 

The Report may be divided into the following parts : — 

8ewage and drainage, what are the necessary conditions to pro- 
duce a perfect system. 

Description of the borough of Liverpool in relation to the river 
Mersey and the docks — the effects of discharging the sewage into 
the docks and river. 

Schemes for constructing a new sewage. 

Lists of all the existing sewers, showing their size and length— of 
new sewers required. 

Estimates for forming the new system of sewage. 

On the application of the sewage water for fertilizing the soil. 

On the form and size of sewers and drains. From this part of the 
report we make the following extracts : — 

Severs and Drains . — The proper size and forms of sewers and drains is a 
subject which of late has excited much controversy. In so far as the house 
drainage is concerned, the question lies within narrow limits ; for if all the 
liquid refuse of a house passes through a soil-pipe of 2£ or 3 inches diameter, 
there is surely no need of the drain which receives it being made much 
larger. If more than one pipe enters a drain, the question is still a simple 
one ; and although, by calculation, the corresponding increase of capacity 
for every additional pipe which enters the drain could be readily determined, 
practice will hardly admit of the refinement which would so nicely adjust 
the increments ; and it is easy so to proportion the drain pipe in each case 
with the materials in practice at our disposal, that it shall be no larger than 
the quantity of water available under the particular circumstances of the 
case shall thoroughly flash. Pipes of from three to six inches internal dia- 
meter, are amply sufficient for service drains, as one of six inches, with a fall 
at the rate of one in forty will, according to the ordinary formula, discharge, 
in half-a-minute, as much water as is due to a family of six individuals for a 
whole day, even on the liberal scale of five cubic feet per head. 



The drains of streets should, in my opinion, be double in all the streets 
above twelve yards wide ; and in such cases I would construct them in the 


bottom of the side trenches for the water and gas pipes, as shown in the 
annexed engraving. By this arrangement are insured diminished capacity 
and direct communication, and the other advantages connected with the 
I paving, elsewhere insisted on. The first cost of the double sewer is nearly 
balanced by the saving in the service drains ; and in regard to the paving, it 
is impossible sufficiently to estimate the saving, if, in connection with these 
side trenches, the more durable manner of paving recommended be intro- 
duced. The sewer proposed to be used in this case consists of a semi-oval 
uuderpart, formed of stone ware, or some of the other materials which will 
afterwards be noticed, and a semicircular cover, as shown in the above 
j engraving. The joinings I propose to form with the pitch of coal-tar, in 
rather a soft state ; and when any part of the drain requires to be in- 
spected, a hot iron or a little blazing straw will soften the cement so mnch 
as to admit of the cover being removed. Service drains are connected 
with the side drains by means of sockets formed in the latter. 

The report proceeds to denote the different forms of sewers and 
their connections, which are something similar to those described 
in the Journal for March last, p. 77. It then gives the area of land 
drained into each of the main sewers. 

From observations made while Beacon’s Gutter sewer (6ft . by 4 ft. 6 in.) 
was opened at its outlet, for the admission of the new sewer in Great How- 
ard-street, it was found that the water was only 20| inches deep, after 
twelve hours of heavy rain. 

The extent of drainage into that sewer is 983*3 acres ; of which about 
one-fourth is built, and three-fourths unbuilt. Now, by the formula roost 
approved, the diameter of sewer necessary for this drainage, with the given 
fall, would be ten feet, while the actual diameter of the sewer at its largest 
part is only 4 ft. 6 in., and the depth of water in it was somewhat less than 
a third of its longest axis, even after the continuance of heavy rain for 
twelve hours, when it may be reasonably supposed the whole earth would be 
saturated, and every drop of rain would flow into the sewer. All calcula- 
tions for the capacity of sewers proceed on the assumption, that it is neces- 
sary to provide for the contingency of a rain flood, estimated at the enor- 
mous fall of five-eighths of an inch in half-an-hour. Now, that such a flood 
may occur is possible ; but it would be easy to show, that if it did occur, it 
could not get into the sewer, and therefore there is no necessity to make 
provision for it ; and it requires merely a glance at the Btreets of a town 
built on sloping ground like Liverpool, during even a moderately heavy rain, 
to be convinced, that a great part of the rain drains directly by the surface 
of the street into the river, and never enters the sewers. As all formula: 
then, are founded on imperfect experiments, and give results so far above 
what experience shows to be necessary, they are obviously uncertain guides, 
and it is better to trust to the observations of what actually takes place. 
This, in fact, is experimeuting on the largest and most proper scale. 

The Report afterwards makes some observations on surface drain- 
age and paving. If the streets of a town be unevenly paved, putrid 
exhalations will constantly arise. A smooth, non-absorbent, hard 
surface, without hollows or joints, is what health demands. Mac- 
adamised streets are the worst : the absorbent material soaks up the 
liquid filth, which, putrifying, sends its noxious exhalations into the 
atmosphere ; and the road wears fast under great traffic — in w*et 
weather it is covered with mud, and in dry weather the air is loaded 
with dust. It is the most expensive to keep in repair, and costs 
four times as much to cleanse as a paved road. Boulder paying is 
the next lowest in the scale of roads. Streets formed with stones 
dressed in regular courses are the best : where the road is steep the 
courses should be of stone 3 inches wide, with joints l£ inch 
wide, filled up with cementitious substance, impervious to water. 
In streets less steep, the stones may be increased and the joints 
decreased. On a level, the stones may be increased to 5 inches in 
width. 

To insure stability, the courses should be made nearly wedge-form. They 
should be in contact at their base and for about one-third of their height, 
and the width of the joint should be obtained by diminishing the width of 
the upper surface of the courses. The joints should be rammed hard with 
macadam or clean shingle, and then filled with a coarse kind of aspbalte, 
composed of the pitch of gas-tar and small gravel. The joint should not be 
filled quite flush with the surface of the stones, but left slightly hollow, as in 
the figure (a). If the expense of the asphalte be objected to, lime grout may 
be used to fill the joints. The lime should, for this purpose, be such as 
will set under water. 

For the foot-pavement, Caithness stone, 1^ inch thick, with 
sawn joints, is recommended in preference to Yorkshire stone 3 
inches thick. 

A good foundation to a road is no less essential than a good surface ; 
hardness in the latter cannot be insured without firmness in the former. 
Softness or elasticity in a foundation will permit the surface to yield under 
the wheels of a carriage. The rise and fall forms a new obstacle to be over- 
come, and causes an increased amount of friction to be opposed to the 
moving power. Besides, by the sinking of the paving material, the soft 
earth is forced up between the stones, and covers the road with mud. It is 
worth while, then, to be at a little extra cost in the preparation of the 
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foundation, when to much depends upon it ; and I think the following plan 
the best adapted to secure perfect firmness. A level bed is prepared for the 
materials, and on this a pavement of common soft rock is laid by hand. The 
deepest stones are used for the centre, and the size is diminished towards 
the side, so at to bring the top line nearly to the intended transverse section 
of the road. The stones are all laid on their broadest edges lengthways 
across the road, and the thickness of the upper edge should not exceed four 
inches. When the setting is completed, the irregularities are broken off by 
hammers, and the interstices filled in with the chips. On the foundation so 
prepared, a three-inch stratum of small broken stones is to be laid, and on 
this, where the case will afford it, a coating of clean gravel should be spread, 
and the whole rolled with a heavy roller until consolidated, when it is in a 
condition to receive the covering of paving stones. The under pavement 
would be still farther improved by running the joints with good lime grout 
before laying on the ballasting ; and in the case of macadam roads, the pre- 
vious ballasting is not required, the macadam being laid directly on the 
pavement. 

The objection to a street formed and paved in a manner so permanent 
as that described, is, that it requires to be frequently broken up for laying or 
repairing water and gas pipes and making branch sewers, and cannot be 
reinstated in so perfect a manner. But water and gas pipes should not be 
laid in the carriage way, but in trenches formed along the sides of the 
streets, as shown in the foregoing engraving, and the sewers should be double 
and laid in the bottom of these trenches. The advantages of this mode of 
forming streets I have before pointed out, and shall now merely exhibit a 
statement of the comparative cost of the two modes. The calculation is 
made for a street fifteen yards wide, and the actual cost of both modes is 
given : — 


Estimated cost qf side -trenches for gas and water pipes , and sewers. 


ft Yards Brickwork, in one lineal yard, at 3a. id. per yard superficial 

.. £1 

1 

0 

10 Yards Brickwork do. do. at 2s. Od. 

»» 

cube 

•• l 

0 

0 

Cast Iron Bearers do. do. at5i. 6d. 

ii 

. . 

.. o 

5 

6 

Side Entrances (every 40 yards) at Is. 6d. 


•• 

.. 0 

1 

6 



Total, .i 

" 42 

8 

"o 


Estimated saving in the cost of laying down gas and water pipes, and 
excavating for sewers by using side -trenches. 

In the Lineal Yard. 

Main 8ewer, 10 yards excavating, aay one-half, at Is. Od 40 10 0 

Gas Pipes do. 2s. 8d 0 3 8 

Water Pipes do. 2s. 3d. ° 3 3 

Bouse Drains do. and Pipes 9s. Od. ...... 0 9 0 

Branch Pipes (Gas and Water) do. 2s. 6d. 0 2 6 41 8 

The difference of expense .. 4 10 


The excess of the cost of the trenches is £1 per lineal yard of street ; but 
to counterbalance that cost, there is the saving in keeping the street in repair 
and cleansing it — the convenience and the non-interruption .of the traffic— 
and to these it is impossible, in the present state of information, to assign a 
money value. 

For cleansing streets, the Report recommends washing them with 
water, and carrying the slush off by the sewers, instead of carting 
the sweepings ; by which means an enormous saving will be effected. 

The water channels ought to be formed with smooth-faced stones 
10 inches wide and (5 inches deep, and from 2 to 4 feet long, laid, to 
the general curved line of the cross-section of the street, which 
can be laid at 6a. 6d. the superficial yard . — (See b in the engraving 
on previous page.) 

Gully -Orates should all be trapped, and the grating-bars either be so 
close as not to admit stones and other matters which might impede the flow 
of water in the drains, or the longitudinal openings may be crossed under- 
neath by small wires, forming, with the bars, a series of reticulations, which 
will prevent the passing of any large substance. The kind of trap which 
experience proves to be efficient is alluded to in the next paragraph. 

All traps which depend on the agency of water, are liable to get out of 
repair, and require care and attention to maintain their efficiency. . For if 
the water be allowed to dry up, the gases have free passage j and if it be 
allowed to remain long in the trap without being changed, it becomes im- 
pregnated with the gases, and yields them again to the air ; constant change 
of the water is thus essential to the perfect action of such traps. The forms 
of water traps are very numerous ; but probably the most simple and efficient 
for house drains, when the drain pipe is not too large, and the supply of 
water abundant, is the plumber's trap, which is a pipe bent to the sigmoid 
curve, as in fig. 5. „ . 

Where the quantity of water passing through a pipe is very small, and 
yet the pipe requires to be large enough for an occasionally-increased dis- 
charge, some trap, which can be opened to admit of any deposit being 
cleaned out, is probably to be preferred, and I have hitherto used the one 
represented at g , fig. 4. This is merely a modification of the former, and 
answers well. It is made of earthenware. Where the fall of a sewer is not 
great, and the house drains are apt to be filled with back-water, the flap 
valve is the most effectual preventive which I have tried. It answers ad- 
mirably for keeping out back-water, and fits so tightly that no gas can escape. 
These valves can now bo had made entirely of earthenware. The gully 
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grates should hive no water traps, bat in their place shonld hare flap valves 
of the same kind as the house drains. Figs. 6 and 7 show the kind of 
gully grate and valve used. The grate, it will be seen, is vertical, the face 
of it being in the same place as the face of the curb, and the top of it form- 
ing a portion of the curb ; the flap hangs vertically, and acts so promptly, 
that the smallest quantity of water opens it. This form of vertical golly 
grate answers very well for streets which have not a great fall ; but where 
the fall is great, the water would shoot past them without entering. I have 
prepared drawings for a gully grate, valved on the same principle, to suit 
steep streets where new gullies are required ; hut to existing gullies I propose 
to apply the valve, in the simple manner explained by the drawings. Fig. 9 
shows a proposed alteration in a gully grate, which is removed to a short 
distance from its original site, and a length of pipe with a flap attached 
connects the new opening with the former cesspool, which is bricked up 
until its bottom forms a continuation of the drain ; this I have used in a 
gully at the fever sheds with perfect success. Fig. 8 shows the proposed 
new grates for steep streets. 

For flashing and washing the sewers it is proposed to lay a main 
along the summit of the town, kept continually full of water from 
a reservoir ; and when a sewer requires flashing, a sluice is to be 
opened, and the water allowed to rush down in a flood, carrying all 
impurities along with it. 

Besides flashing for the underground filtb, it Is necessary to provide the 
means of washing all impurities from the surface of streets and courts. For 
this purpose every court should have a branch, with a stand-pipe at its upper 
end for the washing of it daily. Every street should also have stand pipes, 
at such distances apart that its whole surface may be washed over with the 
aid of a short hose. From these stand-pipes also the streets should be 
watered. Ultimately fountains should be erected in every available situation, 
purifying the atmosphere by the motion of their jets, and cleansing the 
water channels and sewers by their constant flashing effect. 

In my former report I submitted the following method of arranging 
stand pipes in the streets, by which their situation might be so readily 
and distinctly indicated that, in the event of a fire, no loss of time would 
ensoe from the difficulty of discovering thep. At present, the water-pipes 
have three kinds of apparatus to which hose may be attached — the common 
plug, the hydrant, and the Gavin-plug. The common plug consists of a 
conical socket fitted on the pipe, which, when not in use, is closed by a 
wooden plug. When a hose is to be attached, the plug is withdrawn, and 
an apparatus, called a stand-pipe, inserted in its place. This is a copper 
pipe, tapered at its lower end, to fit into the socket, and furnished at its 
upper end with one or more screwed nozzles, projecting horizontally, to 
which the hose is attached ; it has also a cock for regulating the discharge. 
These stand-pipes are portable, and are carried by the firemen to the plug 
nearest the place where the water is required. The hydrant is a more 
simple apparatus ; it consists merely of a branch from the main pipe, with a 
stop-cock and an upturned end, with a screw coupling, to which the hose is 
directly attached. The Gavin plug differs from the other two in being also 
a cock ; a stand-pipe is required in using it. All these have their con- 
veniences. The Gavin plug is a ready apparatus ; but besides the disad- 
vantage of acting too quickly for high pressures, it is liable to the objections 
of exposing a large surface of metal in the roadway, of being subject to be 
acted on by frost ; and from its cover being attached to the pipes, the latter 
are apt to be injured by vibration and concussion. The stand-pipe is liable 
to derangement from a pebble or dirt getting into its socket \ and as these 
sockets are in boxes under the surface of the ground, there is sometimes not 
a little difficulty experienced in finding their places. Further, the eye which 
requires to be formed round the metal box seldom wears uniformly with the 
general surface of the road (in the macadamised roads especially), but pro- 
jects above the surface, and forms a very serious obstacle to the traffic. 

My opinion is, that the apparatus, in any proper system of supply, should 
be conspicuously placed, readily distinguishable, by night or by day, from 
everything else, and always ready for nse, without any appliances, which 
may be mislaid or forgot at the very instant they are wanted. With this 
view, I beg to submit the apparatus exhibited in figs. 1, 2, and 3. I propose 
that several lamp-posts in each street should be made receptacles for the 
water apparatus, the pedestal being made of a size sufficient to contain it. 
In each lamp pedestal I propose that an upright hydrant be fixed, with a 
coil of hose, sufficient for washing the streets, or filling the watering carts, 
constantly attached. The cock-box I would fix in the footway, always on 
the same side of the lamp-posts, and at a constant distanoe from them. In 
the event of a fire, the firemen’s hose would be instantly attached to the 
hose of the stand-pipe by a coupling screw. The pedestals for the water 
apparatus being square, and those for the common lamps being round, would 
point out at once the place of the water apparatus ; and, if necessary, the 
side pane* of such lamps might be of coloured glass, as a still greater dis- 
tinctive mark by night. Every superintendent of scavengers and every fire- 
man would be provided with a key to the door of the pedestal, and in the 
pedestal thp key of the cock would constantly remain ; thus there would be 
no delay in using the water for any purpose. In places where lamp-posts 
are not required, the pedestals merely (fig. 3.) might be used, and these might 
also be used as guard posts at the entrance to narrow streets. 

The lamp-irons thus made prominent, might be rendered still more useful 
by the label attached to their tops, as shown on the sketch. On these would 
be east the names of the streets, and on the centre panel the distance in 


miles and furlongs from the Exchange. Coach and car fares might be thus 
regulated. On the plinths too would be msde the permanent bench marks 
necessary under the Act, with their height above the dock sill, expressed in 
feet and decimal parts. By these mesni, the simple lamp-post may be made 
a very useful as well as a very ornamental object. 

The Report contains some judicious advice on the best mode of 
cleansing streets, emptying cesspools, dust-bins, lay-stalls, &zc . ; 
regulations for the wiatn oi streets and height of houses ; limiting 
the population. 

The limitation of population per acre being once established, is easily 
convertible into a rule to determine the area that a house should occupy. 
The width of a street due to the class of houses being fixed on the principle 
laid down above, the remainder should be allotted to the houses, the passages 
before-mentioned, and the gardens or back-yards, as the case may be. On 
examining the statistics of health in Great Britain, we shall find that, in 
towns exhibiting the average rate of health, the aiea allowed to every inha- 
bitant is about 25 square yards. If we assume 5*38 (the Liverpool average) 
to be the number of inhabitants to each house, and allow 25 yards to each 
inhabitant, we shall have 150 yards as the minimum area which health 
demands to be allowed to every house. Now houses of the class usually 
built in third-rate streets are 5 yards wide in front, and the width of the 
street due to these is 6*6 yards. Of the quantity allotted to each household 
we have thus 42£ yards due to the street and lane, and 1174 yards, or an 
area of 23| yards deep by 5 yards wide, due to the house and yard. Of 
this the house will probably occupy 10 yards, leaving 13 yards in depth, or 
65 square yards for the garden or back-yard and its erections. This, then, 
is what would be required to insure a state of health of the town districts of 
Britain, when houses are built in streets without any other source of air and 
light than what the streets afford ; if, however, open spaces are left, such 
as courts, squares, and the like, the problem being simply to allot a certain 
number of yards to every inhabitant, a deduction commensurate with that 
area may be made from the amount allotted to the yards or gardens, pro- 
vided that, as before stated, the houses be so arranged in respect of these 
open spaces as to receive the full benefit of them. 

From the remarks on buildings we give the following extracts : 

Every house should have a water closet ; but the water closet should be 
adapted to the place it is to occupy, and the habits of the users. Water 
closets at present in common use are essentially of two kinds, the valve and 
the pan closet. The former has been long held in high esteem and is ex- 
pensive ; the latter is the cheaper article, and I think undeservedly under- 
valued. Both are open to the objections which I am about to point out. 
As these apparatus perform an important part in sanitary improvement, it is 
necessary to inquire how they can be made to fulfil their design in the best 
possible manner, that is, to carry away the soil instantly, not only into bnt 
through the drain and sewer. This will obviously depend on the quantity of 
water that is discharged along with the soiL Now, in the closets in use the 
quantity of water retained in the basin and discharged with the soil is so 
small as to be inadequate to carry the soil away, and reliance is generally 
placed on the vxuh or stream that is sent after it. This stream is generally 
discharged by a 1 J inch pipe, while the soil pipe is 3 inches in diameter, and 
consequently it can have little flashing power. This is the defect in all 
existing closets, the attention of the makers being directed invariably to the 
increase of the wash, and not to the maintaining a sufficient quantity of 
water in the basin. When, on the contrary, the basin retains a large quantity 
of water, and the opening for discharge is made with the requisite sudden- 
ness, the full flashing effect of the water is obtained, and the stream acts,, aa 
in the other closets, in rinsing the basin and refilling it. It is on this prin- 
ciple that the water closets shown in the figure are designed. Both nave 
answered completely. They combine the advantages of cheapness sod sim*» 
plicity, and can hardly be put out of order. 




Figs. 10 and 11 show the oloset adapted for the interior of a house, sod 
fig. 4 that adapted for a yard, a court, or public necessary, Jn the figures, a 
represents the basin, which, with its supports and the pipes behind, g, are 
formed of glased earthenware in one piece, fn the pipe at c is fixed a box 
containing a collar of leathers, through jrbicJj a brass or copper tube i slides i 
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this tube it open it both ends. To the end of the pipe b the toil pipe it 
ittached. When the sliding tube it in the position shown in dotted lines in 
fig. 11, water admitted into the basin will rise to the height of the top of 
the tube, and if more be added it will escape through the tube, which thus 
forms an overflow. When the tube is depressed by the closet handle to the 
level of the bottom of the basin, the whole of the water and soil is instantly 
discharged. This simple and ingenious water closet, which may also serve 
as a sink for cottage dwellings, is the invention of Mr. Kirkwood, plumber 
aod mechanist, of Edinburgh. I have fitted up several of them, and one 
which has been in constant use at the new offices in Cornwallis>street since 
their opening, has given perfect satisfaction. 

I have proposed to use tubes of earthenware or glass, ground, io place of 
the brass tubes, for the sake of cheapness. 1 have also proposed to modify 
it so far as to convert the sliding tube into a turning one, so as in fact to 
form a stopcock, the tube of earthenware being ground into a socket of the 
same material, thus dispensing with the stuffing-box. Other modifications 
will present themselves to those who give attention to the subject, the prin- 
ciple being steadily kept in view of receiving the soil in a large quantity of 
water, which, when discharged, shall be sufficient to carry it, not only into 
the drain, but through it. 

The other water closet is adapted for back yards, courts, and public neces- 
saries. It is designed on the same principle. In fig. 4, a a, is a large tank, 
formed of stone, slate, iron, or other non-absorbent material. Its bottom is 
made to slope to one end, where the mouth of the soil pipe b is inserted, and 
closed with a loaded plug valve e. To this valve a chain is attached, and, 
being passed over a pulley, it has a handle fixed to its other end. D is a 
supply pipe, from which the tank may be filled ; e is the overflow pipe ; f 
the seat of the closet. The tank in the case of cottage dwellings may extend 
between two cottages ; in courts it may serve for as many separate water 
closets as there are bouses ; and, in like manner, for public necessaries, any 
number of separate closets may be over it. The supplying of the water, and 
the discharge of the contents of the tank are not under the control of the 
user, but in every case, of the scavenger of the district. The cock of the 
supply pipe and the handle of the discharge valve are contained io a small 
lock-up cupboard, accessible only by him, and once a day, or oftener, as the 
case may be, he pulls the handle which lifts the valve, and allows the soil 
and water to be discharged in a torrent ; this being done, the valve is allowed 
to drop, and the water laid on by the supply pipe until the tank is full, 
when it is again ready for use. The soil beiug received into so large a body 
of cold water as the tank contains, is not liable to decompose ; from the 
time it is allowed to remain it becomes to a certain extent dissolved and 
diffused in the water, and when the contents of the tank are discharged, 
being nearly fluid, they pass off without impediment. Such water closets 
emit no bad odour, they cannot go wrong, and, from being directly under 
superintendence, and their action being independent of the user, they cannot 
suffer from ignorance or neglect. A closet on this principle has been fitted 
up at the public offices for the work people out of doors, and answers its 
purpose admirably. 

To the advocates for employing the Ordnance for making the 
Survey of London, we beg to direct their particular attention to 
the following observations, which ought to have, if anything would, 
some weight with the government, in reference to sanctioning the 
employment of the Ordnance in doing that which can be much 
better done by civil surveyors and engineers. 

With regard to the survey of the borough, I beg to state, that I have 
been actively employed on it, with a large staff of surveyors, since June 
last (1847.) There is now completed the triangulation of the greater part 
of the whole area within the Parliamentary boundary, and the detailed 
survey of about two* thirds of that area; about half of which is plotted to 
a scale of twenty feet to the inch. The reasons which led to the adoption 
of a scale so much larger than that recommended by Government are 
known to the committee; but as the necessity for the large scale has been 
questioned, and, as in the investigation of the subject by the Metropolitan 
Sanitary Commissioners, evidence has been adduced involving grave 
charges against the Corporation of Liverpool, 1 shall take the liberty, 
briefly, to allude to the subject, and shall show by a simple statement of 
facts, how rash and groundless these charges are. 

1 have first to remark, that in tbe evidence referred to, there is an 
obvious confounding of two things— general sewerage schemes, and the 
sewerage of a town. For the one a contoured, general, or block plan, on 
a small scale, so that the whole area may be comprehended in one view, is 
what is required ; aud for the other, the details of the structural arrange- 
ments to a large scale— the larger tbe better, so that every minute pecu- 
liarity may be seen and provided for. In designing improvements, there- 
fore, both plans are necessary, the small index map for tbe ascertaining 
the drainage areas, tbe outfalls, aod the main lines of sewers and gas and 
water pipes ; the large plan for the details. For tbe first purpose, for 
extensive areas, a scale sixty inches to the mile is totally useless, as being 
too large, and for the second, it is equally useless, as beiug too small, and 
us adoption would necessitate the re*surveyiug of every portion of the 
town in detail, as the works are carried on. Thus, even for the sewering 
of the town alone, tbe sixty-inch soale would not be sufficient ; but the 
Council of Liverpool, under the Sanitary Act, have not only the control of 
the sewers, but are also surveyors of highways, guardians of public pro- 
perty aud have the control of the wa er supply. In adjusting the levels 


of streets, plans aod sections are required drawn to a scale so large as to 
exhibit, clearly and distinctly, the details of accesses and approaches to 
the buildings on each side. Such a plan admits also of the boundaries 
and divisions of property being minutely detailed, and allows of the 
details of sewers, service drains, water and gas mains, and service pipes* 
and in short the whole structural peculiarities of the Locality to be repre- 
sented without confusion. It is in fact a workiog plan, i shall briefly 
recapitulate these reasons. 

I. It obviates the necessity of separate detailed surveys for improve* 
meets. 

II. It enables the perfect detail to be shown of parts which most require 
improvement in lines, levels, and sewerage, and also for the supply of gas 
and water. 

III. It admits of the perfect measurement of the boundaries and divi- 
sions of property, enabling the authorities to guard against future en- 
croachments. 

IV. It shows the structural arrangement of the streets, with the compli- 
cated lines of water and gas-pipes, sewers, and service drains. 

Doubtless, all these might be shown oo a plan of (H) inches to the mile ; 
but such a plan, like many other efforts of ingenuity, would be more 
curious than useful. 

I here cite the portion of tbe evidence referred to. 

Captain Yolland says — “ At the present moment the Corporation of Liver- 
pool, who are engaged in carrying out sanitary measures for the town of 
Liverpool, have abstracted a number of assistants from the Ordnance 
Survey that will answer the purpose of carrying on this very necessary 
work, at rates of pay varying from 500 to 700 per cent, over that which 
they received on the Ordoance Surveys ; and this, after having been fur- 
nished by the Ordnance Survey Department, almost at a nominal price, 
with a skeleton plan of the town of Liverpool on this scale, with some 
altitudes inserted at the corners of streets.” 

“ How do you account for the Corporation of Liverpool desiring to have 
an additional and accurate survey, they having already those outlines 
which are sufficient for all purposes of drainage ?— I imagine it is to pro- 
ject their schemes. 

“ Tbe Commissioners are anxious to ascertain what it would cost to 
survey the metropolis sufficiently for the purpose of drainage and sewer- 
age ; therefore it was that the question was asked, why the people of 
Liverpool should be anxious to have a more complete survey than is neces- 
sary for those purposes T— All I stated, as having been given to the Liver- 
pool Corporation, were skeleton plans, not embracing every alley and every 
court. 

“ The Liverpool Corporation own a great deal of property in Liverpool, 
do they not ? — 1 do not know.” 

First, as to the abstraction of surveyors : — the only surveyors employed 
in tbe survey of Liverpool, who were known to me to be on the Ordnance 
Survey, are two, and these applied for employment, recommended to the 
favourable consideration of the Committee by the officer under whom they 
were at the time. One other surveyor applied as a person out of employment, 
whom I afterwards discovered to be engaged on the Ordnance Survey at the 
time of his application, and we have other men who at some period or other 
have been employed in tbe Ordnance surveys of England and Ireland, but 
all of whom had been engaged in railway survey between leaving the 
Ordnance and being employed by me. All the surveyors, with tbe one ex- 
ception stated above, were engaged on application io writing, accompanied 
by testimonials of their character and capability from persons in whose 
employment they had previously been. So far then for the truth of the 
statement as to the “ abstraction of a number of assistants.” 

With regard to the amount of salary paid the assistants, I may state, 
that it is invariably commensurate with the work done, and ranges from 
£48 to £150 per annum. This highest amount is, I suppose, somewhere 
about 200 per cent, above what is paid in tbe Ordnance Department to . 
civilians. Capt. Yolland asserts that tbe salaries paid in Liverpool are 
700 per cent, above those of the Ordnance staff ; where he got his infer- 
mation as to the amount of these salaries .1 know not : he certainly did not 
apply for it either to the treasurer or to me— the only parties who could 
have informed him rightly. 

Tbe whole of the evidence relating to the getting up of sorveys for 
sanitary purposes is an attempt to prove that it can be moro correctly and 
more cheaply done by the Ordnance than by corporations or local surveyor*. 
But, to verify calculations of this kind, let tbe actual and not the eiiimmlid 
cost of Ordnance surveys be produced. Every one knows that to produce 
anything in extreme haste increases immensely the cost of production. 
The Council of Liverpool, finding that the detailed Ordnance survey of 
the town was not completed, and being refused liberty to make a tracing 
of the portion alleged to be finished, urged by necessity, had no alterna- 
tive but to proceed with a survey of their own, although perfectly aware 
that the necessary haste would much increase the cost. Now, however, 
that the expense of what is done is known, and the cost of completing 
the whole can be correctly calculated, it would be useful, as a test of the 
comparative expense of what may be called private and public plans, to 
ascertain from the proper authorities in the Ordoance office' what the 
country has already paid for the incomplete plan of Liverpool, and bow 
much it will yet cost ; how long it lias been in hand, and when there is a 
reasonable prospect of its being finished. 

In ten months the work which I have already detailed has been done; 
and, in addition, a map of the town and surrounding district, embracing 
au area of 27 square miles, has been compiled on a scale of 19 \ inches to 
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the mile, and on this contour lines at fonr feet altitudes have been laid 
down. These contours involved the observation of a great many levels, 
and a laborious calculation. A copy of this has been made for Mr. 
Hawkesly, for the purposes of the water supply. 

Besides this work, belonging especially to the survey required by the 
Act, a very great number of detached surveys and the sections, to meet the 
emergencies of the time, working drawings of sewers, and of the new 
offices in Cornwallis street, and many highly-finished drawings to illustrate 
the reports made by me, have been executed by the surveyors and 
draughtsmen ; and although these are, for the most part, valuable docu- 
ments, their execution has not a little interfered with the progress of the 
larger work. The street surveys and sections required for the adjustment 
of the levels in laying out new streets alone amount to 150. 

The work being now so far advanced, and the completion of the contour 
plan having enabled me to make the necessary estimates of the cost of the 
sewerage, a reduction may be made in the surveying staff, if it should be 
thought desirable. The list of the new staff I have submitted in the 
estimate of the expenses of the Engineer’s Department for the ensuing 
year. 


PROCEEDINGS OF SOX ENTXFXO SOCIETIES. 

INSTITUTION OF MECHANICAL ENGINEERS. 

The following papers were read at the last monthly meeting held at 
Birmingham 

BONE CRUSHING MACHINE. 

Mr. Buckle premised that, in selecting his present subject, he bad had 
in view the desirability of imparting an agreeable variety to their proceed, 
iogs. The object of this communication was to endeavour to direct th* 
attention of agriculturists to the usefulness of a machine for preparine 
bone dust, which has been found to be a most efficacious manure, g 
machine which is alike available to renovate the nobleman's estate or tha 
peasant's cottage-garden. An ash plant, an iron bar, a pebble from the brooke 
and a hand sieve, furnish him with a bone-mill for all he requires. The ar- 
rangement of this machine reduces bone to a state of meal, and thereby 
prepares it for a rapid change into a state of solubility — the rapidity of the 
effects of phosphate of lime on the growth of plants depending upon its 
greater or less solubility. In all other mills which he had examined, their 
construction will merely crash the bones into lumps ; and when laid on the 
land in that state they remain many years undecomposed, with little benefit 
to the crops. 

In the year 1833 his attention was directed to this subject by the stew- 
ard of a large estate in Oxfordshire requesting him to construct a mill to 
grind bones as fine as possible ; for be found, in practice, that the bones 
prepared in the usual manner were of little benefit : be also objected to 
the usnal method of boiling the bones before they were crushed by the 
rollers. For this gentleman he constructed a mill driven by two horses, 
which succeeded so well that he was requested to increase its powers, and 
to work it by a water-wheel of three-horse power. The first crop of 
turnips averaged 47 inches in circumference and 32} lb. weight, 
from seed of the red tornip, received from Messrs. Drummond and Son, 
Agricultural Museum, Stirling; sown in May, and producing as above in 
October. In the year 1839. he constructed a second bone-mill, which was 
erected on an estate in Surrey, driven by a water-wheel thirteen feet in 
diameter and fonr feet wide, with additional conveniences to the former 
ooe. After a careful course of experiments, he received a letter from the 
proprietor of the estate, of which the following is ao extract : — “ I am 
much obliged by all the attention yon have given to my bone-mill, with the 
performance of which 1 am entirely satisfied. We produce thirteen 
bushels of fine dnst per hour, and seventeen bushels of fine dust appear to 
be the product of half a ton of raw bones. Thus we shall be able to pro- 
duce 136 bushels of dust, the product of four tons of raw bones, per day 
of ten hours." In the sketch of a mill or machine laid before the meeting, 
Mr. Bnckle made several additions aud improvements which were not in- 
troduced in the former ones. The positions of the stampers were altered 
in consequence of the result of experiments, and elevators were an 
addition of much usefulness, as he thereby lessened the duties of the at- 
tendant, whose only care is to admit water on the wheel, and observe that 
the store of rough raw bones is ample, and the machine performing satis- 
factorily. The rough bones are recommended to be heaped up in a shed 
adjoining the mill ; they are permitted to slide down the inclined platform, 
from whence they drop into the stamper-trough. The middle stamper is 
recommended to be heavier than the outside ones, to enable it to break the 
large bones in pieces ; those pieces pass on in the trough from ooe stamper 
to the next, and when it has moved to the outside stamper it is reduced 
into meal. It then passes into the dressing cylinders, which are placed on a 
descent, and by their velocity force the fine dust through the wires. The 
coarse dust falls from the end of the cylinders into a box, where it is raised 
by the elevators, and descends into the stamper-trongh, to be crashed fine 
enough to pass through the wire meshes of the dressing machine. Mr. 
Buckle also recommended the application of elevators for conducting the 
grouod bone dust from the bios or store in the cellar into the wagons, to be 
by them conveyed to the drill or sowing machines. 


HIGH-PRESSURE BOILERS. 

u On High- Pressure Boilers , and on Boiler Explosions ." By Mr. 
Smith. — "At the last meeting I laid before you a tracing aud description of 
the steam-boiler which recently exploded near Dudley, and though time did 
not permit any discussion as to the merits or demerits of the construction 
of the said boiler, 1 think it very evident that boilers of similar construc- 
tion, formation, and dimensions, cannot be BAfely used for high-pressure 
steam, say 40 lb. or 50 lb. per square inch. 1 make this assertion, because 
the great diameter of the outer shell renders it very liable to be torn 
asunder by the internal pressure, and the internal vertical-fine being also 
of such dimensions that it may be forced out of form and suddenly col- 
lapsed by external pressure, and if that system of boiler were to be made' 
safe by a large reduction of the diameter, it would make steam insignifi- 
cant in capacity, heatiog surface, and generating power, and consequently 
unfit for the purpose they are intended — namely, to use the great quantity 
of lost heat that escapes from the paddling furnaces. 

14 1 have prepared the accompanying drawing of a boiler which I recom- 
mend in preference to those on the above principle, being much better 
adapted for generating and safely containing high-pressure steam, and I 
think more convenient in every other respect for the above system of 
heatiog. The boiler is 32 feet long, and 4 ft. 9 in. diameter, with two 
tubes or flue-pipes under it, each 36 feet long, and 1 ft. 8 in. diameter, and 
attached to the boiler by vertical pipes 10 inches diameter. The flue-pipes 
are made in a bent form, so as to be highest in the middle, and dropping 
at each end, to keep circulation in the water. The drawing will suffi- 
ciently explain every other particular connected with this boiler, so that 
further description is unnecessary ; I shall therefore now only point ont a 
few of the advantages it possesses over the system of boiler before re- 
ferred to 

“ 1st. The diameter of this cylinder being small, they may be made of 
much thinner plates, and still be perfectly safe with a greater pressure of 
steam. — 2nd. The heatiog surface is large, and concentrated without 
winding flues, so that much steam will be generated.-— 3rd. The area of 
water surface being much larger, there will be less difficulty in maintain- 
ing its proper level.— 4th. The steam and water spaces and heating sur- 
faces harmonise in their proportions. — 5th. The great facility for cleaning 
out, which is an object of the first importance in the construction of all 
kinds of steam-boilers, as it is well known that where any difficulty exists 
in performing that operation, the chances are that it will either be imper- 
fectly done or left undone altogether, which is one cause of many of the 
fatal explosions that so frequently happen with land boilers:— I, 
Mai- formation for the working pressure and quantity of vapour re- 
quired ; 2, Want of proper care to fit every boiler with proper steam 
and water indicators ; and 3, Neglect of cleaning out at proper times. It 
is a lamentable fact that many boilers are still in use, which are extremely 
liable to accident from either of the above-named causes ; and I think the 
following reasons will to a great extent account for so bad a state of things 
existing in a country where so much engineering skill may always be pro- 
cured to rectify such defects. 

** I. Respecting mal-formation, I would state that parties about making 
erections for steam-power, generally make the first outlay of capital a 
leading consideration, and consequently cramp the dimensions of their 
engines so that they are just calculated to do the work required, and 
nothing to spare. Shortly afterwards, however, some extra machinery is 
introduced into the establishment, and the engine being found defective in 
power with the original pressure, an extra load is immediately pat upon 
the safety-valves of the boilers, and this practice is repeated from time to 
time, as each little additional machine may require the extra power. It 
follows that the boilers, which were prudently arranged to do the work in 
the first instance, are at last a mal-formation for the increased pressure, 
and working in a highly dangerous state, while the unsuspecting opera- 
tives may he seen crowding round to warm themselves at meal times, 
when the danger is probably at the greatest pitch. 

“ II. Respecting defective steam and water indicators, I have always 
observed that land engine boilers are not so efficiently fitted with these in- 
struments of safety as marine and locomotive boilers, although I think it 
very necessary that they should be so, seeing that a number of them are 
frequently left to the charge of one individual, with other duties besides 
that require much of his time and attention ; whereas the indicators of 
marine and locomotive boilers are constantly under the eyes of one or 
more engineers of well-proved character and ability for the duties re- 
quired ; and, moreover, engineers of a higher class are always resident in 
the principal stations, invested with power to examine engineers, and 
inspect the whole machinery. I have shown, on the present drawing, all 
the indicators which I consider necessary for a high-pressure boiler in 
ordinary circumstances, which are as follows;— One feed-cock or valve ; 
one float- water gauge, with staud and wheel, and counterbalance weight; 
one glass water gouge ; one steam-whistle, also for a water gauge ; and 
two safety-valves, one locked up. For low-pressure boilers, I think the 
open top feed-pipe, with open pipe also for the float-wire to work through, 
is a very perfect apparatus to prevent the steam from rising too high, or 
the water getting too low. 

3rd. Respecting keepiog of boilers clean, I have seen that process very 
imperfectly performed, and often altogether neglected in establishments 
where a sufficient number of spare boilers are not provided, and time not 
permitting to get the boiler cooled down for men to remain in it to do the 
work properly. But 1 believe the greatest cause of neglect in this most 
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important matter is its being generally looked upon as a thankless sort of 
job, the engine-man always considering it an extra doty, for which he 
claims extra allowance, and the roaster considering that he pays him suffi- 
ciently to include that work with bis other duties. The results consequent 
upon inattention to boiler cleaning, require no comment here ; every prac- 
tised engineer being well acquainted with them, knows that if actual 
explosion does not happen, the tear and wear upon those parts most 
exposed to the fire roust be greatly increased, and so keep up a heavy ex- 
pense in repairs, independent of the immense quantity of extra fuel that is 
required to keep up the steam. 

“ I trust these remarks will suffice to draw the attention of the Institution 
to this very important subject, and that the proprietors of steam-power 
may be convinced that the small extra outlay required to make the boilers 
perfectly safe, will be more than repaid by the economy in working.” 

ON THE FALLACIES OF THE ROTARY ENGINE. 

Before entering on this consideration of the subject, the President in- 
vited Mr. Onions, who is not a member of the Institution, to describe a 
disc engine, of which he is the inventor, and to state wherein it differed 
from other rotary engines. He claimed for his engine a superiority over 
the crank principle in power and saving of fuel ; the chief peculiarity, 
however, being an improvement in the mode of packing, so (as was 
alleged) as to make its parts perfectly tight. Mr. Onions asserted, that 
the loss of power in the use of the crank was estimated by some eminent 
men at -f^ths. This, he staled, was saved by his engine. There was no 
friction, and yet by this mode of packing, all leakage was obviated.— 
After a few remarks condemnatory of the principle, the President pro- 
ceeded to read bis paper on this subject. As the explanations were ac- 
companied by references to diagrams, we adopt so much of the paper as 
will give an idea of Mr. Stephenson’s argument. He remarked that, as 
all levers gave out their power at right angles to their folcrums, it would 
be seen that a right-angle line from the eounecting-rod to the centre of the 
beam would be the tree measure of the length of the beam when the crank 
was at half-stroke — therefore, the g^th of half the length of the beam 
would be gained by the piston-end of the beam. Tbe crank being 3 feet 
long, the op and down stroke of the piston would be 12 feet ; the crank- 
pin would, of coarse, have passed through a space of nearly 19 feet. 
Now, a weight banging upon a drum nearly 4 feet diameter, would 
balance the same weight on the piston-end of the beam ; each would 
move at the same velocity, and pass through the same space in the same 
time. It would be observed, that from C to D on the diagram was a little 
more than one-third longer than from G to D ; it would, therefore, be seen 
that the weight at the piston-end of the beam had a little more than one- 
third advantage over the weight of the drum. And it woold also be seen 
that from C to E was half-way from half-stroke to the bottom centre ; at 
this portion of the stroke the leverage of the crank would be nearly 2 feet. 
Tbe increased power that existed iu the crank from half-stroke to this point 
would gradually be lost from E to H ; it was, therefore, clearly proved 
that no power was lost by the crank-motion, as the weights resolved them- 
aelves into a simple lever. There would be a little loss of power when the 
engine was turning the centres, which is compensated for at the connecting- 
rod end of the beam by the segment of tbe right-angle line. Now a rotary 
engine could only give out its power on the arm like any other lever; and 
if tie piston passed through a space of 19 feet, it would just balance a 
weight equal to the same power passing through the same space. The 
President, in continuation, said that no man could improve the lever ; it 
was useless to talk at that time of day of the loss of power by the crank : 
there was no such loss. He asked, what had been tbe performance of Mr. 
Ooioos* engine at Derby, where it was tried? 

Mr. Onions said that in those experiments the saving was equivalent to 
*0 per cent. Would the President believe tbe fact if he saw it? 

The President, with good-humoured warmth, exclaimed, “ No, I 
wouldn't, Sir. I would believe I was mad first, or that there was magic 
in the experiment.” 

Mr. Miller, of Black wall, remarked that there was no loss of power 
by the crank; and he might also add that nobody, he believed, objected 
to the principle of tbe rotary -engine, except so far as regarded the diffi- 
culty, or rather tbe impossibility, of packing it perfectly tight. No doubt 
the rotary-eogiue bad its advantages, such as its application to tbe screw 
in marine engineering, and wherever small space and considerable power 
was necessary ; but the rock upon which inventors split, was the packing. 
He would as soon thiuk of inventing perpetual motion as of overcoming 
that difficulty. 


BRITISH ASSOCIATION. 

Notes /irom the Proceeding of the Meeting held at Swansea, August, 1848. 

Application of Heated Gases from Furnaces. — At the Ystalafera 
Iron-works near Swansea, under the management of Mr. Budd, a valuable 
application has been made of tbe heated gases that are usually permitted to 
escape from blast furnaces. The heated gaaes are in the first instance con- 
ducted through horizontal passages at the top into a stove, where they heat 
the compressed air in its passage to the furnace to form the hot blast. The 
air which is conveyed to the stove in a convolution of pipes is heated in this 
manner to about 700° ox 800°. The heated gases after having done doty in 


tbe stove, are conducted under the boilers of the engine employed for com- 
pressing the air, and experience has proved that the boilers can be heated la 
this manner more effectively than by fuel, with the additional advantage 
that there is no corrosion of the iron. Only one of the boilers at the 
Ystalafera works is as yet fitted up in this manner, bat the experiment hat 
answered so well, that all the boilers will shortly be heated in a similar 
manner ; and thus the power for compressing the air and the means of heat- 
ing it will be procured by using the mere waste heat of the furnaces. The 
“ hot-blast” will by this means cost literally nothing, and it is estimated 
that if tbe plan be carried out through all the iron-works in England and 
Wales, there will be an annual saving of XI, 200, 900, without taking into 
account the saving arising from the diminished wear of the iron in the 
boilers and tbe heating tubes. Even this saving might be increased, for at 
present the heated gases are permitted to escape unconsumed ; and by a 
judicious admission of air to supply the required oxygen for combustion, the 
heated gases might be advantageously burned. In this manner some of the 
furnaces in Belgium were economically managed several years ago, the heat 
of the consumed gases being employed in various processes. 

A Drt Condenser. — Mr. Joseph Price made a communication fin the 
Mechanical Section, of a plan that he has lately adopted in the construction 
of marine engines, and which he then made public for the first time. The 
engines constructed by Mr. Price combine the effects of high- pressure and of 
condensing engines. The steam is worked at a pressure of about 20 lb. to 
the square inch, and it issues from the cylinder, after having done its work 
there, into a dry condenser. The condenser consists of a chamber containing 
several pipes, through which the water passes as the vessel is propelled for- 
ward, and by this means tbe pipes are kept cool. The steam emitted from 
the cylinder meets, as Mr. Price expressed it, with a “ cold reception” in the 
condensing chamber, and the water of the condensed steam collects at the 
bottom, whence it is forced again into the boiler by a small force-pump. In 
this manner the boiler is constantly supplied with fresh water, even at sea, 
and there is consequently no incrustation. This arrangement of tbe condenser 
would admit of the use of spirits of wine instead of water, if the waste by 
leakage could be avoided. 

Low-Pressure Atmospheric Railway. — A large model of a low- 
pressure atmospheric railway was exhibited in the Mechanical Section, by its 
inventor, M. Struvd. In this plan the original mode of atmospheric pro- 
pulsion is adopted, the carriages and passengers being all inclosed within the 
atmospheric pipe. It is proposed, however, to construct the atmospheric culvert 
of brick- work, and it is to be illuminated by windows; so that the passengers, 
though inclosed, will not be excluded from daylight. A shield is fixed to 
the carriages, against which the pressure of the atmosphere is to act ; and as 
the requisite pressure need only be very low, there is no necessity to be 
particular about the shield being air-tight at the edges — indeed, it is intended 
that it should move without any friction against the sides. With an area 
large enough to admit the railway carriages, it is calculated that a pressure 
of six-tenths of an inch would be sufficient for ordinary speeds, and it is 
proposed to obtain that amount of exhaustion by large pumps formed some- 
thing like gasometers, which work up and down in water, and expel the air 
from the large pipe. The estimate for constructing a railway of this kind is 
£7,009 per mile. 

The Iron Produce op Pennsylvania. — It was stated by Professor 
Rogers, of Pennsylvania, in the Geological Section, that the annual quantity 
of iron produced in that state exceeds the whole annual produce of South 
Wales; the estimated quantity being 700,000 tons. 

The Colouring Property of Madder. — Dr. Edward Schonck pre- 
sented to the Chemical Section his third report on the colouring property of 
madder. The extractive matter of madder-root contains seven different sub- 
stances, only oue of which, however — tbe alizarine — is of value for its colour; 
all the others, indeed, tend to impair the colour yielded by alizarine; and 
the chief use in adding lime to madder in dyeing is, that it combines with 
the other substances, and renders them harmless. Potass, or other alkalies, 
would have a similar effect ; but as lime is cheaper, there would be no 
advantage gained in substituting alkalies. It was suggested that a practical 
application might be made of the analysis, by extracting the alizarine in a 
separate state, freed from the injurious adjuncts, in which condition it was 
hoped a better and more durable pigment might be obtained, especially in 
the madder lakes. The experiments have, however, been so recently made, 
that no practical results can as yet be expected. 

The Effect of Light in Photography, — M. Claodet and Mr. Hunt 
brought before the Chemical Section some curious facts relative to tbe effect 
of light on photographic pictures. In taking a Daguerreotype picture, it it 
well known that the plate, after being exposed for the proper time in the 
camera, presenta no image, and that it ia not till after exposure to the 
vapour of mercury that the picture is developed. M. Claudet has ascertained 
that tbe red, yellow, and orange rays have nearly the same effect at mercury 
vapour ; and that 00 a plate exposed to those rays, after having been in the 
camera, the picture ia developed nearly as powerfully as where mercury is 
used. Not only have the red, orange, and yellow rays the property of bring- 
ing out the invisible picture, but they act also as accelerators, ia the same 
way as bromine ; thus, if a prepared plate be exposed in the camera too 
short a time to produce a distinct picture by mercury vapour alone, the 
effect may be increased, and tbe picture be rendered distinct by exposure to 
yellow, orange, or red light. Red light alone, however, teems to produce no 
effect on a sensitive Daguerreotype plate, and tome curious images of the 
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ton, reddened l*y a London fog, were exhibited by M» Glsndet, which exem- 
plified that fact in a remarkable manner, for the tan appeared as a black 
apot in a lnminoua *ky. In an image of the tolar specWuro the red raya 
were black, the orange and yellow dark, and the brighteat parta were thoae 
in the blue and violet band* of the apectrnm, and in a apace conaiderably 
beyond the extent of lnminoua raya. Mr. Hunt announced that the reaulta 
of investigation* in which be ia atill engaged lead him to the conclusion 
that light has no part in the production of photographic pictures, and that 
in fact light obstructs the formation of such pictures instead of producing 
them. In confirmation of this opinion, be stated that when attempting to 
take the solar spectrum on photographic paper, all parta of the paper were 
blackened excepting that whereon the spectrum fell, the paper on that part 
bating been protected from change by the action of light. 

Minkkal Guano. — A» the sources of animal guano become exhausted, 
fresh supplies of that manure are discovered in the mineral kingdom, which 
promise to last for ages. The discovery of a large bed of phosphate of lime 
in Spain was two years ago considered an important addition to agricultural 
wealth, but since that time beds of phosphate of lime have been found much 
more available^and Captain Ibbetson in a recent examination of the green 
sand formation of the Isle of Wight has discovered a rich stratum of the 
mineral manure, containing about 30 per cent, of phosphate of lime. As this- 
is very accessible, it promises to become of great value, and there is no doubt 
that similar stores of the phosphate may be be found in other parts where 
the green sand formation is situated. ; ‘ 


REGISTER OF NEW PATENTS. 


EXPANSIVE ROTARY STEAM-ENGINE. 

Robcbt Wilson, M. A., of Greenock, for “ Improvement* in cer- 
tain kind* of rotary steam-engines, part of which improvement* are 
applicable to rotary engine* worked by water or by the wind ; also an 
improvement in safety-valve* for steam-boilers!* — Granted January 
13; Enrolled July 13, 1848. 

The chief object of this invention is to introduce the principle 
of working steam expansively into rotary engines. This is proposed 
to be effected by causing the steam which has first acted by impact 
in one direction against the vanes of a wheel, to operate again by 
reaction in opposite directions in issuing out of the intervals 
between the vanes. The figure represents a side elevation of an 
engine cooatructod according to this part of the invention, and 



having one-half of the cover or aide removed, in order to exhibit 
the internal construction. The circular case is rendered steam- 
tight, and has an entrance-passage at I, for the steam. There is 
also an eduction-passage at K, through which the 6team in an 
expanded state is allowed to pass away into the air, or else into a 
condenser ; and although the induction-passage k appears very 
near to the entrance-passage I, yet the steam does not pass directly 
to K, but pass®* nearly all round within the case, in order to impel 
Hie vanes g g, by acting over and over again with more and more 
expansive action at several different places around, within the 
circumference of the case, in succession, before the steam arrives 
in a very expanded state at the eduction-passage K. In addition 


to the curved vanes g a, there are other curved vanes r r, fixed 
within chambers n n, which the patentee calls reversing-chambers, 
and which with the said fixed vanes are for giving to the current 
of steam the directions in which it is to act over and over again 
against and between the curved vanes g g, of the wheel. Some of 
the reversing-chambers are disposed in an outer circle m m, which 
are also furnished with stationary vanes r r ; the moving vanes g e. 
therefore revolve between two separate circles of fixed vanes. All 
these vanes being truly arranged in their several circular rows, 
with the edges of the vanes in conformity therewith, the interior 
edges of the fixed vanes in mm, and the exterior edges of the 
vanes r r, in the chambers n n, are close to the edges of the moving 
vanes g g : but at no part of its circumference is it allowed to touch 
or come in contact with the fixed vanes r r. In order to give 
firmness to the vanes, which are made of thin metal plate, they are 
united by means of flat circular rings, which are as close as possible 
to the moving parts without actually touching. Tbe effect of these 
rings is not only to strengthen the vanes, but also .to subdivide the 
whole of the passages into narrow semicircular, courses, in order to 
direct the currents of steam. The steam from* the boiler enters 
the ease at I, and is first directed into a curved course wt m, which 
is divided into three spaces in order to compel the steam to proceed 
in three currents towards the axis of the wheel ; hut owing 'to the 
burth^ure of the vanes, the three currents of steam, when they are 
bashing out from those spaces, are caused to assume nearly the 
dii’Cctipn of tangents to the semicircular curv ature of the moving 
vanes g g, against which the steam will first make its impact by 
acting against the concave sides, which deflect or turn the course 
of the steam which now issues from the spaces between the vanes 
g g, at the interior circumference, and is received into the chamber 
n % when the direction again becomes reversed owing to the semi- 
circular curvature of the boundary of that chamber, so that the 
steam will be turned towards the vanes g g, proceeding in a tan- 
gential direction to the wheel in order to act again on the vanes g g, 
by impact. The steam, permitted to expand whilst in the reversing 
chamber n 3 , in its second impact will, therefore, be in an expanded 
state, and will enter into a greater number of spaces between the 
vanes g g , exerting a re-action in so issuing, when it is again re- 
ceived into another reversing-chamber wherein the steam is 
still further expanded, and becomes again reversed in its direction 
to the chamber m s , from which it passes as before to chamber w 4 , 
where it is still further expanded, reversed, and divided into 
numerous streams continuing a similar course through the different 
chambers m 5 , n ®, m 7 , n 8 , and so on throughout the circumference, 
being proportionately expanded in each chamber till at last it 
escapes through the eduction-passage K. By the continual impact 
and reaction of the steam, a rapid rotary motion is communicated 
to the wheel. Another part of this invention relates to improve- 
ments in rotary -engines of impact, the object of which being to 
combine together two revolving wheels, having curved vanes affixed 
to the wheels, in circular rows in a very similar manner to the 
vanes g g, already described, but the circular row of vanes is larger 
than on the other wheel, so that one circular row is surrounded by 
the other. These two wheels are inclosed within a case, the vanes 
in the one being reversed to that of the other. The current of 
steam which has passed through the curved spaces between the 
vanes of one wheel, and has changed its direction in so doing, will 
enter into the curved spaces between the vanes of the other wheel ; 
and the steam in so doing will act by impact and reaction to turn 
both wheels round, but in contrary directions of rotation. The 
fourth improvement relates to rotary-engines to be worked by 
water or wind, the mode of action being by impact and byre-action. 
They are arranged in a similar manner to the last described. The 
| fifth and last part of these improvements relates to safety-valves 
[ for steam-boilers, w hich the patentee constructs w ith columns of 
j mercury contained w ith a cluster of numerous tubes of iron or glass 
I disposed side by side, the passages through which tubes are Kept 
| effectually stopped by having the orifices at their lower ends im- 
mersed to different levels beneath the surface of mercury, contained 
in a cistern to which the steam has admission. The mercury will 
effectually prevent any escape of steam, so long as the pressure is 
no greater than intended. But if the pressure of the steam depress 
the level of the mercury below the lower end of one of the tubes, 
then the steam w ill force its way up that tube ; and if the steam 
still increases in pressure, the surface is depressed still lower, so as 
to get below the level of the low er end of another tube, and so on ; 
more of the tubes will become opened, one after another^ as tb* 
pressure may require. 
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PROPELLING BLADES. 

Gardiner Stow, late of King-street, Cheapside, now of New 
York, gentleman, for “ Improvements in apparatus for propelling 
ships and other vessels.” (A communication.)— Granted January 11 - 
Enrolled July 11, 1848. 

In this invention an attempt is made to combine the screw-pro- 
peller with the paddle-wheel. The propeller, though placed at the 
sides of the vessel, like the paddle-wheel, is formed on the screw 
principle. Its form consists of a series of curved blades, set at an 
angle of 45° with the propeller-shaft, which is placed parallel with 
the vessel's course, similar to the ordinary screw-propeller ; but 
instead of being submerged, it is sustained by bearings projecting 
from the vessel s sides ( there being one on each side of the vessel), 
at such a height from tne line of dotation, that simply the curved 
blade, or about one-seventh of the whole diameter, will be immersed. 
These curved blades are severally portions of a screw, and are sup- 

E orted from the shaft by radial arms, being further strengthened 
y stays extending in the direction of the length of the shaft. 
These propeller-shafts are each furnished with bevelled wheels, 
which gear into corresponding wheels on the main or engine-shaft 
lying across the vessel, as the ordinary paddle-shaft. As these pro- 
pellers are caused to rotate, the curved blades will be successively 
brought into contact with the water, one end thereof entering first, 
the concurrent angle propelling the vessel onwards, and as it leaves 
the water, the next blade in succession will be immersed, main- 
taining a continuous and uninterrupted propelling power. 

MARINE STEAM-BOILERS. 

Thomas, Earl op Dundonald, Vice-Admiral in Her Majesty's 
Navy, for “ Improvements in marine steam-boilers, and apparatus 
connected therewith — Granted February 11 : Enrolled August 11, 
1848 ; 

The principal features of this invention are the application to 
marine-boilers of the principle adopted for consuming the smoke 
in other boiler-furnaces, by admitting a stream of hot air 
behind the bridge, to burn the gaseous products, and the removal 
of the steam-chest from the top of the boiler to the end of it, 
thereby lessening the height. His lordship clhims seven separate 
parts, which may be thus briefly noticed. ^Firstly : — The more 
perfect combustion of the gaseous products at their entrance 
into a tube-chamber, constructed according to a former patent 
granted to him. by combining a stream of undecomposed hot air 
with such products. Secondly, the constructing boilers with the 
steam-reservoir placed below the level of the water in the boiler 
in lieu of the steam-chest as usually constructed above the boiler. 
Thirdly, the drying of the steam by its being exposed to a portion 
of the fire-place, or bypassing the flue or chimney through it. 
He claims, Fourthly, a mode of preventing the priming of steam- 
boilers by means or a plate or separator placed within the boiler, 
the end being below the surface of the water in the boiler. 
Fifthly, the right of making and using a spiral or centrifugal sepa- 
rator ; which, however, may be made square or other shape, and 
still retain the principle of the invention — namely, the separation 
of the water from the steam, and the mode of carrying off such 
separated water back to the boiler, without being obstructed by 
a contrary current of steam, by means of a pipe or channel from 
such spiral separator to the boiler. Sixthly, ne claims a mode 
of working the propellers of steam-vessels by means of short pro- 
peller-shafts. And, lastly, a mode of constructing boat-boilers and 
apparatus. 

VALVES AND PLUGS. 

John Frederick Bateman, of Manchester, for M certain im- 
provements in valves or plugs for the passage of water or other fluids.” 
—Granted January 18 ; Enrolled July 18, 1848. 

The chief object of this invention is to make a valve suitable 
for the water-pipes, the valve being made of smaller specific 
gravity than water, and being opened by being forced down by a 
plug. The claims of the patentee will sufficiently explain the 
structure of the valve. He claims, first, the application for the 
passage of water and other liquids, of a globular valve, of a 
lighter specific gravity than water, constructed of a coating of 
vulcanised india-rubber, gutta percha, or other suitable elastic 
substance, so that the valve shall be closed by the pressure of the 
liquid. Secondly, the use and application of a globular valve of 
the same or a greater specific gravity than the fluid, constructed 
with a coating of vulcanised india-rubber or other elastic substance, 
so that the valve shall be closed without the aid of machinery, by 


the pressure of the liquid. Thirdly, the opehing of the valve 
agaiust the pressure of the liquid, by means of a plug or key, 
through which the liquid will flow from the valve, the plug or key 
being attached to the fixed part, without the aid of any screw or 
thread. 

PREPARATION OF BAR-IRON. 

William Russell, of Lydbrook, Gloucestershire, iron-master, 
for “ an improvement in the preparation of such bar-iron as is used 
in the manufacture of certain kinds of rod-iron.”— Granted January 
29 ; Enrolled July 29, 1848. 

This invention may be very briefly described. The object is to 
remove from the surface of ordinary bar-iron the spill or scale, 
which is found to be very injurious in making the billets from which 
wire-rod-iron and horse-shoe-nail rod-iron are manufactured. 
The scale is removed by passing the bar-iron through a kind of 
draw-plate called a “ cleanser,” composed of grooves formed in the 
shape of the letter u V.” In conducting the operation, the iron is 
first made into lumps of about one hundredweight and a quarter. 
It is then removed to the hammer, where it is reduced by hammer- 
ing to short bars of five or six inches square. It is next passed 
through the rolls in the usual manner, and reduced to bars of 
about one inch and a quarter square. In passing through the two 
last and finishing grooves in the rolls, opposite which the cleanser 
is placed, the lower half is slightly lowered in order to admit of 
the entiance of the bar to the rolls which draw the bar through. 
During this finishing operation, pressure is exerted to bring up 
the cleanser by means of the lever and shaft, thereby scraping 
the iron on all its four sides, and effectually removing all the spill 
and scale from the surface. The bar is then passed over the upper 
roll, and is introduced through a smaller groove in the rolls, when 
the operation of scraping is repeated, as before. 


THE GRESHAM PROFESSORSHIP. 

We have seen with great regret the decision as to the Professor- 
ship of Geometry in Gresham College, because it is an indication 
of a return to the old system, which it was held forth should be 
abandoned, and the College restored to its former efficiency and 
rank in the scientific world. A decision more lamentable than 
that now made could hardly have been come to, for it is a total 
abnegation of scientific attainment and exertion as a qualification 
for the Professorship. 

Among the candidates were Professor Moseley, the Rev. Morgan 
Cowie, Mr. Potts, the Rev. Pelham Dale, and Mr. Edkin. 

Professor Moseley took high honours in mathematics at Cam- 
bridge, is the author of a work on the “ Mechanical Principles of 
Engineering,” and is a professor in King' s College, London. 

The Rev. Morgan Cowie took higher honours, and was the 
senior wrangler of his year. He was afterwards elected Fellow of 
St. John's College, and Moderator of the Examinations in the 
University of Cambridge. He now holds the appointment of 
Principal in the College for Civil Engineers. 

Mr. Potts and the Rev. Pelham Dale have devoted themselves 
to mathematical studies, and have published papers on scientific 
subjects. 

Mr. Edkin took a low degree at Cambridge, and has since been 
a teacher in the City of London School. 

The Gresham Committee have appointed Mr. Edkin to the va- 
cant Professorship. 

It is not attempted to be put forward that Mr. Edkin is entitled 
on the ground of his scientific superiority, but he is said to have 
given satisfaction as a master in the School. It may be added, 
that he is related to an influential member of the Common- 
Council 

It may happen, albeit Mr. Edkin has as yet given no proof of 
his competency, that he may make as good a professor as Mr. 
Moseley or Mr. Cowie ; but whether he do or not, the appointment 
is equally unjustifiable. 

These professorships are not simply appointments of men com- 
petent to discharge the duties, but they are rewards for previous 
exertion ; and when properly awarded, their beneficial influence is 

f reat, because, as all candidates must comply with the condition of 
aving given practical and public proofs of competency and die* 
tinction, a powerful stimulus is given to the industry of those who 
are enterprising, and there is a curb on the indolent. 

In University College, the way in which the appointments ere 
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made is very simple. A committee is appointed, not of members 
of the Council, but of the professors or the faculty in question, 
urho draw up a report, stating the education of the candidate, the 
honours he nas taken, the appointments he has held, the works he 
has published and the character of them, and the unpublished mss., 
illustrative of his studies and researches, which he has submitted 
to them. Thus all the materials for coming to an impartial deci- 
sion as to the merits of the candidates are laid befoie the Council, 
and their appointment is made in accordance with the report. 
There can, therefore, by this system, be no canvassing and no 
jobbery. 

The Trustees of Gresham College have not adopted any such 
course, and they have not even the poor and usual plea of favour- 
ing a member of their own College, because their College has no 
alumni. 

The appointment resolves itself into the gross breach of a public 
trust, ana it is necessary that measures should be taken to prevent 
its recurrence. The University of London has no legal jurisdic- 
tion in this case, but it has a moral interest in seeing justice done ; 
and we recommend that a memorial should be addressed to the 
senate, and another to the Committee of Council on Education, 
praying that they will take measures to obtain relief. These 
memorials should be signed numerously by literary, scientific, and 
professional men, and by citizens of London, and they may result 
in some better system for the future. It will be easy for the Uni- 
versity of London to provide for the examination of future candi- 
dates, leaving the appointments to the Trustees, who will thus be 
put under a moral and public responsibility, to which they are not 
now subjected. 

If Gresham College were properly administered, how useful 
might it be to the younger professional men and mechanics of the 
metropolis. The Chair of Geometry, once held by Briggs and 
Wren, ought not to be without a competent successor ; and by 
giving an evening course of proper lectures, great benefits would 
be conferred, and the very serious want of mathematical instruc- 
tion in some degree be supplied. Those who know the good that 
has been done by Lord Brougham’s Evening Classes for School- 
masters, at University College, would earnestly wish the system of 
cheap evening instruction to be extended. As a recent example of 
the way in which these classes work, we may mention that a school 
has been opened in the Mechanic’s Institution, under the direction 
of one of these graduates, and in which the children of members 
are taught at fourpence per week. 

Those who advocate literary institutions for the working-classes 
have been seriously impressed by the evident consequences of 
giving desultory instruction, which prevails in such places, and 
which has the tendency of unsettling rather than of strengthening 
the minds of young men ; but no measures have been taken to 
establish colleges or institutions in which, for a guinea a-year, one 
or two lectures shall be given, in regular courses, on the higher 
branches of education in the faculties usually known as wits and 
philosophy. This can be done and ought to be done. 


NOTES OF THE MONTH. 

The Ordnance Mope are now undergoing the process of being electrotyped ; 
they are to be sold at the low price of 2s. per sheet, or Od. per quarter- 
sheet, and are to be issued as they are electrotyped, quarterly. The first 
series has just been published, and comprises part of Middlesex, Keut 
Surrey, Sussex, Lancashire, and Cheshire. 

The Metropolitan Sewers Act has passed the House of Commons, and is 
now in the Lords. The purport of the Act is to embrace into one Comrais- 
sion all the Commissions in Middlesex, Surrey, and Kent, excepting the 
City and the Regtnt’s-park Commission ; — why the latter is to be omitted, 
we are at a loss to conceive. The measure, which we long ago advocated, 
will be incomplete if that division be not included, as the district runs 
right through and bisects the Westminster division. It has a sewer of 
ample capacity and depth to drain all the upper division of the old 
Westminster Commission. It commences near Primrose- hill, passes 
through the vicinity of Regent’s-park, Portland-place, Regent street, 
and Cbariog-cross, and discharges its contents in the Thames near White- 
hall and Scotland -yard. If transverse sewers be formed in the New- 
road, Oxford-street, and Piccadilly, nearly the whole of the Borough of 
Marylebone and Westminster may be drained into it, without any great 
expense being incurred. We trust it is not too late to iotroducc that Com- 
mission into the Act. The district of the new Commission is to extend 
to the distance of 12 miles in a straight line from St. Paul’s Cathedral. 
We do not like the idea of the Commission being empowered to make 
their own bye-laws as to penalties— 'this is very objectionable, to say the 
least of it. 


Payne's Process for rendering Wood Fireproof, — On Wednesday, 
August 2, an experiment was exhibited at Wbitehall-wbarf, Westminster, 
for testing Mr. Payne's patent process for rendering wood fireproof, and 
for showing that his wood- preserving process is as effectual for the 
preservation of wood from destruction by fire as from the ravages of 
insects, dry-rot, Jtc. Two small houses were constructed, one of ordinary 
deals well dried, aod the other of deals prepared by Mr. Payne’s process, 
and each filled with fire-wood and shavings. Both were kindled at the 
same time. The house composed of the unprotected wood caught fire 
very soon, and in about half an hour was completely consumed ; while the 
Payneized house remained standing nearly as perfect as ever, — the fire iu 
it having gone out of itself, and left only some slight marks of charring 
on the inside of the boards. The liquid employed by Mr. Payne (by 
preference) is sulphuret of barium or calcium. 

The Conversion of Diamond into Coke. — Professor Faraday lately gave a 
lecture on this subject at the Royal Institution, in consequence of M. 
Jacquel&in having, in the course of last year, succeeded io converting 
diamond iuto a substance possessing the appearance, physical cha- 
racter, and electrical properties of coke by the following process 
Having attached a piece of hard gas-retort carbon to the positive wire of 
Bunsen’s battery of 100 elements, he placed on it a small piece of 
diamond. He then armed the negative wire with a cone of the same car- 
bon, and, by dexterous manipulation, enveloped the diamond with electric 
flame. After a short interval, the diamond underwent a sort of ebullition, 
became disintegrated, softened, and was actual coke. (Comptes Rend us, 
June 14, 1847; An, de Chimie , tom. xx., p. 459). — On this experiment 
Prof. Faraday made the following observations. 1 . As to the property 
possessed by certain substances to assume totally different forms without 
undergoing any chemical change. The Professor adverted to the case 
of sulphur, which becomes brittle when suddenly cooled from its first 
state of fusioo, but is soft aud pliable when similarly cooled from its 
second state of fusion. — 2. As to the source qf heat employed, Professoi 
Faraday dwelt oo the beauty and power of the voltaic arc as a furnace, 
showing by experiment that diamond could be burned ioto carbonic acid 
gas by means of a current of oxygen gas directed on it when highly 
heated. The Professor stated that neither this heat nor any short of that of 
the voltaic battery, except that of the solar lens, was sufficient to convert 
diamond into coke. The fusion of rock crystal by a current of oxygen 
sent through an ether flame was noticed ; and it was shown that this 
powerful heat was inferior in intensity to that of the battery.— 3. The 
condition of the diamond when thus converted into coke. It becomes ab- 
solutely lighter. The spec. gr. of ordinary diamond is 3 368 when 
changed into coke its spec. gr. is 2*670. It loses its insulating power. 
Professor Faraday here alluded to some experiments by M. Karsten 
Archives des Sciences , 1847). proviag that certain compound bodies were 
conductors or not according to their preparation. He stated that this was 
the only case analogous to carbon.— 4. As to the philosophy of the change 
qf the diamond's structure. Referring to M. Gassiot’s demonstration that 
the heat is greatest at the positive pole of the battery, Professor Faraday 
suggested the possibility that the particles of diamond might, under the 
influence of the intense heat, tend to form vapour having a sensible and 
assisting expansive force, and that in their axial position as regarded the 
enveloping discharge they might assume a state having relation to a dia- 
magnetic condition, lie requested to be understood, however, as offering, 
tiiis idea merely as a philosophical conjecture. Finally, he referred to 
Graham’s supposition, that the difference between diamond aod coke 

might depend on their known difference of specific heat. In reference 

to the above experiments of M. Jacquel&in, on the conversion of diamond 
into coke, Mr. Nasmyth states, in a communication to the Mining Journal , 
that he “had long since discovered that coke was diamond, io as far as 
that coke is possessed of one of the most useful and remarkable properties 
of diamond io respect to its power of cutting glass~owing, doubt- 
less, to the extreme hardness of its ultimate particles, or minute 
crystals of which a mass of coke is formed. We are apt to coosider 
coke as a soft substance, because we can crush it, and pulverise it 
with facility ; but if we examine into the actual hardness of the minute, 
plate-formed crystals, which compose a mass of that substance, we 
shall find that they are possessed of a most remarkable degree of hard- 
ness, aod can cut glass with that clean-looking cut which is so peculiar to 
the diamond.” He feels certain, that when the extreme diamond-like 
hardness of coke is made known, that the fact will be laid bold of, and 
turned to good accouot as a most cheap material for all grinding purposes, 
such as required for many processes in the arts — to say nothing of its 
useful application to the sharpening of a razor, as a very superior strop 
powder; for which purpose, however, the coke must be reduced by t 
evigation to the most minute aod impalpable powder. 

Dover Refuge Harbour, — This great national work is progressing with 
much spirit, aud begins to show what it will be. The first portion, bOO 
feet of a massive sea-wall, has been contracted for by Messrs. Lee of Lon- 
don ; and the works are carried on under the superintendence of their 
agent, Mr. Scott. The plan is that of Mr. James Walker, the eminent 
engineer; aod the execution of the engiueering department also devolves 
on him and his partner, Mr. Burgess. The works now extend 130 feet 
ioto the sea, aod the curve to the eastward has beeo commenced. One 
diving-bell was lately put iuto requisition iu the process of levelling the rocks 
for the foundation, and another will be speedily brought into use. Of the 
immense quantity of stone (8,506 tons) wfoick lias been landed here within 
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a few months, nearly one-half has already been pnt down. The blocks 
are uniformly of large dimensions, some exceeding 10 tons weight. 

Sunderland Docks . — The extensive works now in progress for the for- 
nation of the new docks at Sunderland are proceeding in the most rapid 
and successful manner. The sea has been most effectively banked out of 
the tidal basin, and nearly the whole length of the large dock ; and there 
is the fullest confidence that this gigantic undertaking will be brought to 
a successful completion within the time fixed ; and, what is still more un- 
usual, there is a well-grounded expectation that it will be finished 
considerably within the estimated cost. The works begin to have a noble 
appearance, and when finished will be a magnificent undertaking. A 
dock of this magnitude, gained from the sea within the range of the tides, 
is an enterprise now proved to be practicable, and a safe undertaking. 

Blasting Rocks. — ' The Plymouth Times observes: u The vast improvement 
effected in the mode of blasting limestone rock in this port, within the last 
37 years, is almost surpassing belief. Last week, with a charge of 
1 cwt. of powder, placed in a bole in the rock, 18 feet deep, no less than 
1,000 tons of limestone rock were blasted at one blast, and that, too, 
without aoy accideot occurring to the man engaged in firing the rock. He 
was six hours engaged in the operation, and was seven times pulled up 
from the side of the hole to the top of the quarries, before the fire took 
effect, and this huge blast was made. 0 

Opening of Railways.— The Chester and Holyhead Railway was, with 
th9 exception of 3£ miles adjoining the Menai Straits, opened on Tuesday, 
August 1st., throughout, for goods and passenger traffic. — The Leeds, 
Dewsbury, and Manchester Railway, lessening the distance between the 
former and latter town 10 miles, .was opened for public traffic on the 4tb of 
August.— The opening of the Rouen and Dieppe line took place on Satur- 
day, July 29. — The Castlecary branch of the Caledonian Railway was 
opened for public traffic on Monday, August 7, thus completing the direct 
line between Loodon, Perth, Dundee, Arbroath, and Montrose. The 
express train from Dundee arrived at the Euston-square terminus in 15 
hours, and from Arbroath in 15f hours. 

A New Turn-Table has been invented by Mr. Turiff, of the Vulcan 
Foundry, Paisley. An engine and tender, weighing 36 tons, placed on 
one of the turn-tables, can be turned by two men by means of two wheel- 
pulleys, with comparative ease, in about a minute and a half, without any 
jar. The great advantage of this invention of Mr. TuriiTs is, that with 
former turn-tables there were two frictions, while with this table there is 
only one ; it is relieved by a powerful weight resting on the centre, which 
contains four large bolts, that lift the table from the side rails beneath. 
The machinery i9 very simple, composed of massive beams of iron, aod 
can be worked by circular rollers, in cases of emergency. The turn-table 
itself is 36 feet in diameter, weighs 25 tons, and sustains 51 tons revolving 
weight. 

Indurated Gypsum.— It is known that calcined gypsum, after being 
moistened with a solution of alum and again burnt, acquires much greater 
hardness and solidity. M. Kreating recommends for the same purpose a 
solution of I lb. of borax in 9 lb. of water, which is poured over the cal- 
cined fragments of gypsum. They are then kept at a strong red heat for 
six hours, grouod to a powder and worked. The effect is said to be still 
better if a pound of tartar and twice the quantity of water are added to 
the solutioo. — Liebig's Annalen . 

Suspension bridge at Niagara Falls . — The Albany Journal states that 
the foot-bridge at the Falls was to bo ready for crossing on the 4th of 
July: — “ It consists of 16 cables; the number of strands in each cable, 
600 ; ultimate tension, 6,500 tons ; capacity of the bridge, 500 tons ; 
number of strands in the ferry cable, 37 ; diameter of the cable, fths of 
an inch ; height of stone tower, 68 ft. 1 in. ; height of wood tower for 
ferry, 50 feet ; base of tower, 20 square feet ; size at the top, 1 1 square 
feet ; span of the bridge, 800 feet ; whole weight of the bridge, 650 tons ; 
height from the water, 230 feet; depth of water under the bridge, 250 
feet. This suspension bridge is the most sublime work of art on the 
continent. It makes the head dizzy to look at it, and yet it is traversed 
with as much security as aoy other bridge of the same width. We were 
present while the workmen were engaged in hanging the planks over the 
fearful chasm. It looked like a work of peril, bat it was prosecuted with 
entire safety. Not an accident has happened since the first cord was car- 
ried across the river at the tail of a kite. It is impossible to give the 
reader a clear idea of the grandeur of the work. Imagine a foot-bridge 
800 feet in length, hung in the air, at the height of 230 feet, over a vast 
body of water rqshing through a narrow gorge at the rate of 30 miles an 
hour. If you a jre below it, it looks like a strip of paper suspended by a 
cobweb. 0 

Nature's Gas Works.—" An immense volume of natural gas, sufficient 
for the supply of a city, was discovered a few days since, near Detroit, 
Michigan, by the Messrs. Granger, while boriog a 4-inch shaft for water. 
At a depth of 70 feet they struck a vein or cavity, from which issued a 
violent current of air, which threw up stones as large as hens* eggs, 10 or 
15 feet high, accompanied by a volume of water, rising 10 or 12 feet. On 
applying a light to the air, it burnt furiously, the flame rising 20 feet. It 
is proposed to conduct this gas in pipes to Detroit, and light that city with 
jt. — New York Sun. [Very much like a romance.] 


LIST OF NEW FATBWT*. 

OR ANTED IN ENGLAND FROM JVLT 20 , TO AUGUST 22 , 1848 , 
Sue Mouths allowed for Enrolment , unless otherwise expressed. 


Chevalier Alexandre Edouard le Molt, of Conduit-street, Middlesex, for certain " Im- 
provement* In apparatus for lighting fay electricity, parts of which may be made use oi la 
other applications of electricity ."—Sealed July 30. 

David Napier, and James Murdoch Napier, of York-road, Lambeth, engineers, for 
“ Improvement# in mariner** compasses, also In barometers, and la certain other men- 
toring Instruments.”— July 20. 

William Thomas, of Cheapside, London, merchant, for " Improvements In the manu- 
facture of stays, boots, and shoes, also In fastening and connecting fabrics and garments." 
— July 2*>. 

John King, foreman to Messrs. Shears and Sons, Bankable, and Henry Medhnrst# 
operative engineer to the said Messrs. 8hears and Sons, for " Improvements in gas 
meters.**— July 26. 

Charles Hancock, of Brompton, Middlesex, gentleman, for ** Improvements In appara- 
tus or machinery for giving shape and configuration to plastic anbstanoee.**— July 23. 

John Grist, of the New North. road, Middlesex, engineer, for " Improvements In Air- 
Daces and fire-places.**— July 29. 

James Robertson, of Great Howard-street, Liverpool, Lancashire, cooper, for m Im- 
provements in the manufacture of casks and other wooden vessels, mid In machinery for 
cutting wood for those purposes.”— July 29. 

George Walter Pratt, of the city of Rochester, state of New York, In the United States 
of America, gentleman, for " Improvements in the manufacture of printing-ink.**— July 
29. 

Richard Abbey, of Slough, Buckingham, brewer, for " Improvements In preserving 
fermented and other liquids and matters In vessel*.”— July 29. 

Edward Gribben Wilson, of Bury, Lancashire, tin-plate worker, for " certain Improve- 
ments in the construction of tin drums or rollers used In the machinery for drawing, 
•picntng, dowling, twisting, and throwing cotton, wool, silk, flax, and other fibrous sub- 
stances.” — August 1. 

Duncan Mackenzie, of Goodman's Fields, manufacturer, for " certain Improvements In 
Jacquard machinery for figuring fabrics and tissues generally, and apparatus for trans- 
mission of designs to said Jacquard machinery, parts of which are applicable to playing 
musical instruments, composing printing types, and other like purposes.” (A communi- 
cation.)— August 5. 

David Newton, of Macclesfield, Chester, merchant, for M certain Improvements In the 
application of glass and glazed surfaces to nautical, architectural, and other similar pur- 
poses.**— August 7. 

Samuel Thornton, of Birmingham, merchant, and James Edward M "Connell, of Wol- 
verton, Buckinghamshire, engineer, tor '* Improvements in steam-engines, and In the 
means of retarding engines and carriages on railways, and in connecting railway carriage# 
or wagons together j also improvements in effecting a communication between one part 
of a railway train and another, by signals or otherwise.'*— August 7. 

John Medcalfe, of Little Bolton, Lancaster, machine maker, and Robert Halllwell, at 
the same place, mechanic, for " certain machinery or apparatus for preparing and spin* 
ning cotton and other fibrous substances.**— August 8. 

Moses Poole, of London, gentleman, for " Improvements In the manufacture of casks 
and other similar vessels of wood.'* (A communication.)— August 8. 

Samuel Lees, of the firm of Hannah Lees and Sons, of Park-bridge, Lancaster, Iron- 
manufacturer, for "certain Improvements In the manufacture of malleable Iron.” — 
August 8. 

Joshua Couch, of Harleston, Northamptonshire, agricultural Implement maker, for 
" Improvements in sackholders.*'— August 10. 

William Thomas Henley, of Clerksn well, philosophical Instrument- maker, and David 
George Foster, of Clerken well, aforesaid, metal merchant, for "certain Improvements in 
telegraphic communication, and in apparatus connected therewith, patts of which Im- 
provements are also applicable to the moving of other machines and machinery.’*— 
August 10. 

Samuel George Hewitt, of Buchanan-atreet, Glasgow, N.B., engineer, for “ Improve- 
ments In the construction of certain parts of railways.”— August 11. 

John Varley, of Bury, Lancaster, engineer, for "certain Improvements in steam-en- 
gines.” — August 14. 

James Henderson, of Surrey Canal Dock, millwright, for " Improvements In machinery 
for cleansing and polishing rice, pearl barley, and other grain and seed.**— August 14 

Joseph Slmpeon, of Manchester, civil engineer, and James Alfred Shlpton, of the same 
place, engineer, for " certain improvements in steam-engines."— August 14. 

Edwin Thomas Truman, of the Haymarket, London, dentist, for an " Improved method 
methods of constructing and fixing artificial teeth and gams j and of supplying deficiencies 
in the mouth.*'— August 15. 

James Warren, of Montague- terrace, Mile-end-road, Middlesex, gentleman, and Wil- 
loughby Theobald Monsanl, of St. James's- terrace. Blue Anchor-road, Bermondsey, gen- 
tleman, for " Improvements In the construction ot bridges, aqueducts, and roofings.*'— 
August 15. 

Thomas Delarue, of Bunhill-row, Middlesex, manufacturer, for " Improvements la 
producing ornamental surfaces to paper and other substances.”— August id. 

William Galloway and John Galloway, of Knott- Mill Iron- Works, Hulme, In th 
borough of Manchester, aod county of Lancashire, engineers, for " certain Improvements 
in steam-engines,"- August 17. 

Moaea Haym Plcciotto, of Flusbury-square, Loadon, merchant, for " a method or me- 
thods of purityiog and deoolorising certain gums.'*— August 17. 

Thomas Richardson, of Newcastle-upon-Tyne, chemist, for "Improvements in the con- 
densation of metallic fame*, and in the manufacture of white lead.'*— August 31. 

William Young, of Queen -street, Cheapside, lamp manufacturer, for " Improvement# 
In closing spirit and other cans or vessela."— August 2L 

Isaac Taylor, of Stanford Rivers, Essex, gentleman, for " Improvements in preparing 
and engraving surfaces, also In the construction of cylinders adapted for engraving, ana 
also in machinery for printing and ornamenting surfaces.”— Au gust 21. 

Richard Shaw, of Gold** Green, Weet Bromwich, in the county of Stafford, railway-bar 
finisher, for " Improvement* in the manufacture ot iron into tyre-bare, round-bars, 
square- bars, and flat-bars, T-lron, angle-iron, and trough-iron.*'— August 21. 

John Bethell, of Parliament-street, Westminster, gentleman, for " Improvements In 
preserving animal and vegetable substances, and also stone, chalk, ana plaster, faom 
decay,*'— August 21. 

Alexander Angus Croll, of the Gaa works, Tottenham, for " Improvements In the 
manufa c tu r e of gaa, and In apparatus to be used In transmitting gas,"— August 22. 

Alonso Buonaparte Woodcock, of Manchester, for ** Improvements fa sliain i ngjnii, 
and In apparatus for raising, forcing, end conveying water and other fluids.'*— August 21. 
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STEAM PILE-DRIVER. 

(With an Engraving , Plate XII. ) 

Patented by Mr. James Nasmyth, and Manufactured by Messrs. 
Nasmyth, Gaskell, and Co, of the Bridgewater Foundry , Patrierqfl , 
near Manchester. 

Public works are acquiring such magnitude even in their details, 
and their several parts are so numerous, that they are constantly 
making greater requirements on the resources of mechanical en- 
gineering. It has been a matter of dispute frequently whether a 
particular class of works belonged to the architect or the civil 
engineer ; and Professor Hoskingr goes the length of claiming the 
whole domain of £jyil ?flgineering as belonging to Archi tectu re. 
Others may now come forward ana claim many of these works as 
the province of mechanical engineering. Thus, a still greater 
tendency to the separation of the professions of the architect and 
engineer is created. The tubular biidges over the Conway and 
the Menai, the High Level Bridge at Newcastle, iron and screw pile 
lighthouses, and suspension-bridges, are more the production of 
the mechanical engineer than of the architect. As a specimen, we 
gave in our August number an account of the ingenious patent 
Jacquard machine, invented by Mr. Roberts, for punching the 
plates of the tubular bridge at Conway, for the purpose of saving 
time and labour ; and in our present number we publish the en- 
gravings of another powerful machine, invented by Mr. James 
Nasmyth, for driving piles by the aid of steam, and which has been 
used with great success in the construction of the High Level 
Bridge at Newcastle, the Docks at Plymouth, and other works of 
magnitude. It is gratifying to see this mutual aid of civil and 
mechanical engineering, for it is this combination of talent which 
is best calculated to elevate the character of both branches of the 
profession, and to extend their application. Whatever mechani- 
cal processes diminish the cost of production, whether of a railway 
or of a pin, contribute to increased U6e ; and we look forward to a 
great reduction in railway expenditure from the progress of im- 
provement, and consequently to an extension of the system under 
circumstances where, from considerations of economy, its applica- 
tion is not now contemplated. 

Any consideration of the great works of civil engineering, even 
in such a case as the Eddystone Lighthouse, will show how much 
depends on overcoming the mechanical obstacles which stand in the 
way. Time is money, and money again often saves time ; and a 
due attention to these points enables an engineer to execute his 
works cheaply and well. At the present time, a great deal depends 
upon the rapid and economical prosecution of works, and it be- 
comes doubly important to call in the aid of mechanical science 
wherever, as in the cases already named, it promises to do the 
work more efficiently and more economically. 

The merits of the steam pile-driver now before us consist, 
in the first place, in the direct manner in which the elastic 
force of steam is employed as the agent by which the “ monkey^ 
(qr block of iron whicn strikes the head of the pile) is lifted 
to the height requisite for that purpose. Secondly, in the 
very peculiar and original manner in which the pile itself is 
made to act as the only support for the active or blow-giving 

S ortion of the apparatus ; Dy which arrangement, the entire 
ead weight of tne apparatus in question is turned to most im- 
portant account as a “ persuader ,** to assist the pile in sinking 
into the ground when in the act of being driven ; this dead weight 
also acting very importantly as an anti-recoil agent, so far as its 
entire weight (three tons) can accomplish that object. — Thirdly, 
in the peculiar manner in which the pile-driving part of the ap- 
paratus is permitted to sink down along with the pile, and guiae 
it in its descent, so as to remove all chance of the pile twisting, or 
in any respect swerving from the true position given to it at the 
commencement of the operation of driving, — Fourthly, in the 
peculiar manner in whicn a vast increased degree of energy is 

g iven to the blows of the monkey beyond that which is due to the 
eight through which it falls. 

The engraving exhibits an arrangement of the “ Patent Steam 
Pile-Driver,** for driving two piles in two continuous lines, without 
the necessity of a previously-existing gangway, the machine mak- 
ing its own way as it is moved forward. Fig. 1 is a side elevation ; 
fig. 2, a section on a b; fig. S, front elevation ; fig, 4 a plan, 
showing the engine and platform ; fig. 5, a plan of the timbers 
which carry the platform and saws ; and figs. 6 and 7, enlarged 
views of the steam-cylinder and driving-hammer. 

The apparatus and machinery consist of the following parts 
Firstly , the steam-boiler, A. similar to a locomotive-boiler, with 
Steam-chest on the top. This -boiler stands upon a platform R, 
Mo. 133— Vol. XI.— October, 1848. 


supported on iron wheels 6, running on iron rails 6 1 , placed on 
balks of timber &*, fixed on to the top of the piles as they are 
driven; and vertical guide-posts C C, with pulleys, ec, e l e 1 , on 
the top. 

Secondly , a small steam-engine D, placed horisontally in the 
centre of the platform, with connecting-rod d, driving a crank d 1 , 
and pinion d 2 , on the crank-shaft, that takes into a cog-wheel e. 
fixed on one end of a shaft E, with pinion e l on the other end 
that takes into another cog-wheel / fixed on the long shaft F, 
upon which are fixed two pinion-wheels/ 1 ,/ 1 , that take into cog- 
wheels f l f\ fixed on the axles of two spiral-fluted barrels/* /*, 
upon which are coiled the chains f* /*, for lifting the steam-pile, 
driving-cylinder, and hammer. Upon the ends of the shaft D, are 
two smaller barrels G, for the ropes or chains g l to lift the piles into 
their places. 

Thirdly , the pile-driving apparatus, consisting of a cylinder 
H, with its piston-rod passing out at the bottom, and directly at- 
tached to a 'block of iron or monkey I (weighing about 35 cwt.), 
placed inside of a square wrought-iron case J, which acts as a guiae 
to the hammer in its rising or falling, and rests upon the shoulder 
of the pile K at jj ; aud at the same time, grasps the neck and 
shoulders of the pile with great tightness, so that it cannot twist 
or swerve from the position which the vertical guide-posts C 
give to the case J, and which is clamped to the posts by the 
sliding-clamps j 1 j 1 . L, L, are steam-pipes from the top of the 
boiler Ay to the pile-driving cylinder H, jointed together by swivel 
joints of cast-iron. 

Fourthly , horizontal saws M, M, fixed on to the underside of 
the platform, for cutting off, to a level surface, the heads of the 
piles as they are driven. The saws are worked by the bevel 
gearing m, fixed on to the middle shaft, E. 

With respect to the action of this machine, in order to describe 
it with clearness, we shall suppose that the pile-driving part of 
the apparatus seen in fig. 1, ana enlarged view figs. 6 and 7, marked 
H, I, J. has been wound up by the small engine D. and the gearing 
F, and let down upon the shoulders of the pile K, and the steam 
admitted under the piston in the cylinder H, by means of the jointed 
wrought-iron pipes L, L, L, which serve to convey the steam from 
the boiler A to the cylinder H, at whatsoever height the cylinder 
may be at in respect to the boiler. The steam being let in under 
the piston, the steam-hammer action is commenced^ and the 
35-cwt. block I, is made to give 75 to 80 blows per minute with a 
fall of 3 feet, upon the head of the pile, with such earnest energy 
as to cause the pile to sink into the soil at an average rate of 
from 5 to 10 feet per minute (according to the nature of the 
soil). As each blow is given, the apparatus H, I, J, follows down 
along with the pile, as the shoulders of the pile are the only means 
of support to H, I, J, and they are therefore free to slide down, 
the face of the vertical pole C, the instant a blow is given to the 
pile -head and drives it aown ; and this action is so rapid, that the 
eye can scarcely appreciate the interval. The jointea steam-pipe 
at the same time accomodates itself to every new position which 
the sinking pile causes the driving-apparatus to assume. For the 
purpose of opening and closing the steam-valve, there is a small 
inclined plane on the hammer-block, inside the case, which coming 
in contact with the end of a small lever passing through an open- 
ing in the side of the case J, shown in figs. 6 and 7, causes the 
valve in the valve-box (cast on the steam-cySnder H) to open and 
shut. When the steam has raised the piston to its proper height, 
the steam-valve, by the action of this lever, is closed, and an 
outlet-valve opened which allows the steam to blow out into the 
air and the hammer-block to descend. 

As soon as the pile is driven to the required depth, the apparatus 
is again wound up by the small engine D ; and tne next following 
pile K* which may have been in the mean time hoisted by the 
engine D and Hearing G, ready for driving (as seen in fig. 1), is 
then “ pitched 9 or placed in its proper situation. The locomotive 
gear is then put in motion, and the apparatus lowered down on to 
the shoulders of the pile in question. The hoisting-chain /*, is 
then let free, so that the apparatus may be free to rest on the 
shoulders of the pile, and i&llow down along with it as before. 
The steam is now again let into the cylinder H. and the driving 
proceeded with as before. The ease and dispatch with which the 
entire process is proceed with requires to be seen to 6$ duly appre- 
ciated. Piles have been driven by this machine into descriptions 
of soils and under circumstancen which would have put all the at- 
tempts of the ordinary pile-driving machines at utter defiance. 

It may be proper to observe, that notwithstanding the energetic 
blows which this maehine showers down on ^he beads of the piles, in 
consequence of these blows being given by so massive a hammer a$ 
35 cwt., and at the moderate velocity acquired by a fall of only 
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3 feet, they do not the slightest damage to the pile-head: so much 
is this the case, that the pile-heads have actually a neater appear- 
ance after being driven than before. 

In respect to the means employed for giving to the blow of the 
monkey a greater degree of energy than such as would be due to 
its fall through 3 feet, this object is accomplished by having the 
top of the cylinder H made air-tight, and by having a set of 
openings at h. The instant the piston passes these openings in 
its unward action, all further motion in that direction is termi- 
nated by the compression of the air then confined in the space 
between the top of the piston and under-side of the cylinder 
cover ; which compressed air, on recoiling, adds to the force of 
the blow all the energy it would have acquired by falling from the 
height to which the monkey would have been carried by the mo- 
mentum given to it in the upward direction by the lifting action 
of the steam acting on the under-side of the piston. 

We have much pleasure in appending to our description a copy 
of a certificate by Mr. Stephenson. 

u Nasmyth's Steam Pile-Driving Machine has for some time past 
been employed in piling the foundations of the High Level Bridge 
at Newcastle-upon-Tyne, and at the Viaduct over the river Tweed, 
near Berwick. Its operation has been triumphantly successful. 
Piles have been driven with great economy and remarkable dis- 
patch, where the ordinary methods would have entirely failed. 

“ I consider this machine to be one of the most valuable and im- 
portant auxiliaries which have recently been invented for the con- 
struction of engineering works. 

Robert Stephenson. 

24, Great George-street, Westminster , 

May 2, 1848.” 


CANDIDUS’S NOTE-BOOK, 
FASCICULUS LXXXVI. 

“ I must hare liberty 
Withal, aa large a charter as the winds. 

To blow on whom I please.** 

I. The lately-opened Catholic Cathedral of St. George's does 
not say very much for Mr. Pugin's artistic talent and taste. Sa- 
tisfactory as are many of the separate parts and ornaments when 
considered merely by themselves, just as articles of furniture are 
looked at and examined in a show-room where they are exposed 
for sale, — they are there brought together without any regard to 
artistic keeping and effect. The consequence of which is, they do 
not serve to set each other off to advantage ; but, on the contrary, 
there is much that is quite at variance with all the rest. We see 
a collection of studies of various ornamental details, and other 
mere material of design, but we miss a well-studied and consistent 
whole. The most opposite and conflicting sorts of architectural 
character are brought into contact with each other. Barn and 
ball-room are strangely mixed-up together. In the chancel, and 
the two chapels at that end of the church, decoration is not only 
carried to such extent as to cause all the rest to look unusually 
cold and bare, but fails to produce the amount of richness aimed 
at. When added up, the total does not answer to the value of 
the several items as taken by themselves. 

II. In architecture, incapacity for producing new ideas shelters 
itself under the plausible pretence of a reverential regard for old 
ones. Because excellent ideas have been produced before our 
time, we are told that we have no occasion for any of our own. Aught 
that partakes of innovation is set down as both unorthodox and 
dangerous ; which is assuredly most comfortable doctrine — highly 
convenient, and therefore comfortable, because merely to copy is 
easy and safe ; whereas, to attempt to emulate is a difficult as well 
as a doubtful matter. W e do well, therefore, to protest against inno- 
vation — that is, for ourselves, since those whom weprofessto look up 
to and admire, were in their day very gross innovators ; by gross, I 
mean wholesale innovators. T he history of the art shows a series 
of innovations from first to last ; that “ last ” — finale and conclu- 
sion of it as a creative art, seems to have been already reached ; and 
all that is now left for us is merely to repeat, perchance to mimic, 
what has been done before. Whatever may be the case with the 
twentieth, the nineteenth century will not shine in the history of 
architecture ; or if it is to do so, it must now set about it in earnest, 
for half its time is already gone. Bad or good, the Elizabethan 
period had a distinct architectural character of its own ; whereas, 


the present Victorian one has none, but is “ everything by turns," 
of most chamelion quality, but witnout any distinct, sSf-acquired, 
character. The present age is content with merely making use 
of those hoards of art which its more industrious predecessors 
wrought out and accumulated. Satisfied with being able to live 
upon the interest, we do not seek to improve the capital. In fact, 
to such a pass has architecture been brought, that further progress 
for it in any direction is impossible, so long as we persist in our 
present perverse views of it— of its nature and powers as a fine 
art. No matter what style we take up, we treat and are expected 
to treat it literally — to adhere to it servilely, instead of being 
allowed to infuse any fresh ideas into it, or even, by varying 
its toumure , to adapt it to greatly-altered purposes and occasions. 
Provided the separate features and details he but correctly copied 
from those in former building^ we are quite satisfied, though the 
structure so compounded be mil of incongruities as a whole, — 
prosaic and unartistic. 

III. One consequence of the present rage for the merest copyism 
is, that we ourselves produce no structures that will deserve to be 
studied hereafter as original models and architectural records of the 
age in which they were erected. Even our most monumental edifices 
will not be monuments of our own time,— -of our own ideas moulding 
and organising the fabrics we rear. Future antiquaries will be 
greatly puzzled some centuries hence, to determine dates from the 
styles which buildings exhibit. At any rate, they will set down this 
nineteenth century as that in which architectural talent displayed 
itself chiefly in mimicry and masquerade. This is what is not 
particularly pleasant to contemplate, though it is what we have to 
thank the present race of antiquaries for, and others whose 
opinions and influence as employers control the free-agency of 
architects, who, whatever they might have done by timely resistance 
to such domineering dictation, can hardly help themselves now. 
They have suffered their necks to be put into the yoke; so, however 
hard it may be to bear, they must now endure it with what 
patience they can. All that we can look forward to, is to its being 
shaken off by some bold and independent spirit, gifted not with 
enius only, but with the opportunity of manifesting it decidedly, 
owever it may run counter to the minikin theory and doctrine 
of established rules. But as miracles are not to be looked for and 
calculated upon like the return of comets, we cannot with any 
sort of reason look forward to such event. Nay, instead of being 
looked forward to with anxious hope, even the possibility of its 
occurring is contemplated with real apprehension by many, who 
accordingly deprecate most earnestly what they are please^ to 
call “tampering" with existing styles. Incapable of forming a 
valid judgment, they take refuge in prejudice. By their croaking 
cry of “ rash " — “ absurd " — “ extravagant " — “ chimerical ! " they 
endeavour to intimidate ; and by denouncing before-hand all aim 
at originality, and every deviation from ordinary custom and rule, 
seek to insure the accomplishment of their ill-omene<^ predictions. 
The merely aiming at it does not insure success in achieving origi- 
nality ; but if, instead of being aimed at, it is sedulously shunned, 
it will never be achieved by any one ; and were there no possibility 
of failing, there would be no particular honour gained by succeed- 
ing. Many act most discreetly in not attempting to signalise 
themselves and their works at all by any unborrowed ideas — by 
which are to be understood not mere fancies for which they can 
assign no sufficient reason even to themselves, much less to any one 
else, but ideas that have germinated, have been meditated upon and 
matured, in their own minds. In not attempting or affecting to do 
what they are conscious lies far beyond their power of reach, such 
persons manifest their prudence ; it is, on the contraiy, only dog- 
matical presumption, when measuring the powers ana abilities of 
others by their own, they pronounce that which is to themselves 
impossible to be equally impossible to every one and all. Rather 
ought they, if at all sincere in the regard they profess for the 
interests of architecture and its advancement, to welcome the 
doctrine of its being possible to enlarge the present boundaries 
of the art almost indefinitely. How far he as an individual can 
contribute to such progress and amplification, must be left to each 
individual to decide for himself. Those who feel no impulse from 
w ithin, may be left to jog on as they can secundum artem — that is, 
ploddingly and mechanically : but they have no right to prescribe 
the same limits to others. As matters are managed at present, a 
prohibition is actually laid upon original genius, it being demanded 
of it that it should forego its very nature, and exercise itself only 
in the same track of ideas as has been previously trodden : in 
other words, it must conform to routine. A good deal has been 
argued about the Emancipation of Woman ; I wish somebody be- 
sides myself, and of far greater authority and influence, would 
stand up boldly for the Emancipation of the Architect, who is at 
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present fettered by prejudices — in reality the merest cobwebs, but 
twisted together till they become as bulky as cables. If my views and 
opinions are erroneous, let them be opposed ; yet no one it seems 
cares either to oppose or to second me. Well ! if I am not 
flattered, even by contradiction, neither am I discouraged. Happy 
are those who expect nothing, for they shall not be disappointed ; 
and that state of beatitude is mine. 

II. As it is now too late to protest against the barbarism of 
stripping the Quadrant of its colonnades — and they have assuredly 
contributed not a little to the architectural character of Regent- 
street, the Quadrant being by far the most scenic part of the whole 
line, — let us hope that the columns themselves will be preserved, 
that is, re-erected, so as to form some ornamental structure else- 
where, — on some spot where they will not give any umbrage to 
shops and shop-keepers — and the latter show themselves to be some- 
what unreasonable, because it was they who came to the colonnades, 
and not the colonnades to them. Their removal would be less 
matter of regret, were we but assured that the columns would now 
be so applied, that ample amends would be made to us for what we 
shall lose in Regent-street. If no better and more utilitarian pur- 
pose can be suggested for them, they might be employed to form an 
open screen of two lines of columns, inclosing the court-yard in front 
of the British Museum. Sir Robert Smirke's building itself would 
gain materially thereby, inasmuch as it would be seen from the street 
very picturesquely through the range of Doric columns in front, 
which being, besides, on a lesser scale, would serve to give greater 
importance to the Ionic colonnades behind. To the very excellent 
suggestion here volunteered, it will be objected — and objections 
are always as cheap as suggestions themselves — that the Quadrant 
oolumns are only Koman-Doric, while the facade of the Museum 
is pure Greek-Ionic. That ultra-Grecianism is affected for it, 
is not to be denied ; but there is even now a great deal in the 
general design that is anything but pure Greek in physiognomy. 
Neither the wings, with their homely and ordinary house look, 
nor the two little bits between them and the main buUding, would 
be able to reproach the Quadrant columns with being too undigni- 
fied and unclassical to bear them company. Still, one thing may 
be confidently predicted : I therefore prophecy that my idea will 
not be adopted, nor even so much as taken into consideration. 
Happy the prophet whose predictions are sure to be verified, and 
such state of beatitude, I repeat, is mine. 


THE NATIONAL GALLERY. 

Whatever general truth there may be in the paragraph which 
appeared in last month's Art-Journal , informing us that the present 
National Gallery is to undergo extensive alteration by Mr. Barry, 
its correctness as to particulars may be questioned. What seems 
to vouch for such piece of intelligence Deing more than a mere 
vague, unauthorised report, is the express statement of the sum 
to be expended — viz. £ 50,000 ; to which the architect is to be 
limited. And for that the entire fa9ade is to be altered, and 
another story added to the building. How the latter can be ac- 
complished without destroying the lantern lights in all the rooms 
now constituting the upper-floor, puzzles both ourselves and 
others to conceive. There appears to be no other alternative or 
mode of alteration in that case, than that of lighting the pre- 
sent rooms from their sides, or rather their two ends, in the front 
and back of the building ; which would hardly be anv improve- 
ment as far as they are concerned, nor perhaps much, if any at 
all, to the exterior. 

It has all along been th e fashion — we can call it nothing else — to 
decry and abuse the National Gallery, more especially its facade, 
as if that were, not merely the chief, but the sole disfigurement 
of Trafalgar-square, — as if St. Martins Church, and the other 
buildings on the east and west sides of the “ Square," were abso- 
lute paragons of architectural taste and excellence. Even those 
who affect excessive admiration for the “Church." affect to .be 
scandalised at Wilkins's facade of the w Gallery. * Ask them, 
why ? and they soar upwards — fly into a towering passion, — and 
from that altitude, look down upon you with scorn most supreme. 
Even that lump of architectural cockneyism and dulness, the 
u College of Physicians and Union Club-house," if it does not 
obtain, admiration, at least escapes censure, which is levelled 
exclusively against that scape-goat of Trafalgar-square, the 
National Gallery. However, tne latter is to become a “Deformed 
Transformed and poor St. Martin will need the whole of his 
cloak to spread over and shelter the insignificance of his Church. 


As to one material point connected with the purposed alteration 
we are left in entire doubt, not being informed whether the whole 
of the additional story is to be appropriated to the “ Gallery," or 
the portion of it at the east- end of the plan, bestowed upon the 
Royal Academy. 

Whatever may be done to it, the building can never, in our 
opinion, be rendered adequate to the now greatly-increased, and 
henceforth likely to become still greater, requirements for the 
national collection of pictures, unless the whole of it be given up 
to the “ Gallery,” and the Academy turned out to provide for 
itself elsewhere. For exhibition rooms, the Academy needs only 
longitudinal extent of plan at the rear of a very moderate-sized 
front towards the street, for the walls being invariably covered 
from top to bottom with pictures, the rooms themselves might be 
of the very plainest description, — both in construction and ap- 
pearance not at all superior to ordinary show-rooms, auction- 
rooms, and similar places. Therefore, if the space now required 
for the “ Gallery " demands it, we should say, turn the Academy 
adrift to shift for itself. It does not throw open its doors gra- 
tuitously to the public : why then should it expect to be . in any 
way supported by the public, — or, what is just the same thing, by 
government ? At any rate, there is no necessity for the Academy's 
continuing to occupy so considerable a portion as it does of the 
building in Trafalgar-square, now that the whole of it is required 
for the national collection of pictures. 

The paragraph in the Art-Journal does not speak at all doubt- 
ingly, as of rumour that requires confirmation ; therefore, unless it 
should be contradicted, we may presume that there really exists a 
definite intention of enlarging and otherwise altering Wilkins's 
edifice ; and that, consequently, government do not entertain any 
idea of erecting a new National Gallery, as has been talked of by 
many, and by some fully expected. There have been various 
rumours on the subject, one of them being that a structure 
for the pupose was to be built upon the inclosed area in 
Leicester-square. In what is now stated, there is far more of 
probability and likelihood, although the Art-Journal speaks 
only upon a u we understand." Let it be based upon what it 
may, that “understanding" assumes some degree of shape and 
colour, several particulars being distinctly touched upon. Mr. 
Barry's design has been “ submitted to the proper authorities,” 
and not only approved of, but, as it would seem, actually deter- 
mined upon before the public were aware that anything of the 
kind was in contemplation. It is not, indeed, very easy to recon- 
cile this with what is said in another page of the same publication, 
where we are told that Mr. Pennethorne being directea to examine 
the lower rooms of the present Gallery, with a view to the Vernon 
Collection being deposited there, reported their total unfitness for 
such purpose, and recommended that a plain temporary building, 
calculated to last about a dozen years, should be erected, and that 
in the interim parliament should make an annual grant of from 
£15,000 to <£20,000 for a permanent edifice. One tide contradicts 
the other : either Mr. Barry's design, or Mr. Pennethorne's sug- 
gestion, is thrown out. If there is to be a new building in some 
other situation, the present Gallery will remain untouched ; and 
vice versa, if the latter is to be greatly enlarged, and to have 
£50,000 expended upon it, another structure will not be erected. 
Between the two schemes lies doubt : error there is as to one of 
them, and error there may be as to both. Still, something appears 
to be in agitation or contemplation ; therefore, it is not at all 
amiss that public attention should be directed to it at an early 
stage of proceedings. 

Most may be of opinion, and some are or have been in full ex- 
pectation, that let be done whatever might — whether a new 
National Gallery is to be built, or the present building enlarged, 
the work would, like the “ Houses of Parliament,” be made the 
subject of competition. The occasion itself is a public one, and 
of a kind to exercise talent in no ordinary degree ; a structure 
for the purpose being something altogether «it generis. Of almost 
every other kind of buildings the examples and instances are so 
numerous, that general conventional ideas may be taken from 
them ; but with respect to Picture Galleries the case is quite 
different. For them there are no models; neither have any 
studies been provided, or aught of any moment on the subject 
been written and published. Some of the most celebrated public 
collections of pictures in Europe are in buildings which, besides 
being tasteless or in exceedingly bad taste themselves, are so 
badly arranged and devoid of all contrivance, that they do not 
seem to have ever been intended for the purpose to #hich they 
are applied. Besides accommodation with regard to actual space, 
effective lighting the rooms, and other obvious matters of that 
kind, the providing for a judicious arrangement of the pictures is 
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* e quires considerable study and foresight. In temporary 
exhibitions, pictures must be hung up as well as they can be. The 
disposing them on the walls is of necessity a work of such hurry, 
that it is little to be wondered at if it is frequently attended with 
awkward mistakes, such as putting a good painting nearly out of 
sight, and an inferior one just upon the line. Even if it be de- 
tected, there is no time for correcting the error, because to do 
so might render it necessary to alter the situations of a score of 
other pictures. 

In a permanent gallery, on the contrary, more especially one 
claiming to be considered a public museum of art, where nothing, 
it is to presumed, is admitted but what is worthy of being studied 
—•at least, of being noticed as a work of art, — the utmost attention 
ought to be given, before-hand to what is required by the collection 
itself. Should this last be already fully formed, to provide pro- 
perly for ^ it becomes a comparatively easy task ; whereas, for 
one that is increasing, regard should be had to future growth. 
When Mr. Wilkins— or rather, perhaps, those who employed him— 
took measure of it, our national collection was merely in its 
infancy. Thanks to Mr. Vernon, the child has nearly all at once 
started up into a tall stripling, — has quite outgrown his former 

fit, which suit suits him no longer • so Mr. Barry is now it 
seems to enlarge it, and convert it as well as he can into a becoming 
togavirtUa . If he can do so without reclaiming from the Academy 
the piece of stuff they have got possession of, he must have far 
more talent in point of contrivance than most of his professional 
brethren. 

After all, we may possibly have been put quite on a wrong 
scent. Should which turn out to be the case, all we can say is, 
that the mistake does not lie at our door. We leave those from 
whom we got it to trace out the author of it ; nor should we be 
greatly surprised to find it traced home— if mistake it really be — 
to that confounded, universal mischief-maker, Mr. Nobody ! 


COLLISION OP TRAINS.— No. II. 

I? . our . la *t paper (p. 197), we considered the law and amount of 
collision in a train of carriages of equal weights, and provided 
with a single engine in front. We now propose to examine the 
effect of an engine behind, the other circumstances of the problem 
remaining the same. 

t As a first and introductory example, let us suppose a single car- 
riage, weight 4 tons, having a pair of buffers in front, with a foot 
play to each, and each with an extreme strength of 4 tons (the law 
of resistance of the buffers being assumed to vary as their com- 
pression), to impinge on a fixed obstacle with a velocity of 60 feet 
per second. Let us now determine how much of this velocity will 
be destroyed by the time the buffers have ceased to act. 

Let m be the mass of the carriage ; p, the pressure on the head 
of either buffer when it is compressed to an extent x ; v, the 
velocity, in seconds, of the carriage ; — then, the mass of the buffer 
being neglected as small in comparison with the mass of the 
carriage, 

dv 

mv dw = 

Now, 4 tons is the value of p when x = 1 ; 'and since p has 
been assumed to vary as x 

. dv 

p = 4*; .*. mu— = - S x ; mu* = c — 8 s?*. 

If the accelerating force of gravity be taken at 82 feet per 
second, 

4 1 e« 

m = 32 = g; - = c - 8**; u* = 8c— 64*«. 

When a? = 0, u = 60 ; . • . 8 e = 3600. 

When x = 1, the buffers cease to act, and u* = 3600 - 64 ; 
or, u — 69$ nearly ; consequently, only half-a-foot of velocity is 
destroyed. 

Let us next consider the case of a train of n carriages, each 
provided with a pair of buffers before and behind ; and with an 
engine, weight r tons, attached to the last carriage ; and let us 
suppose this train to impinge on a fixed obstacle at the rate 
of V feet per second ; and from these data seek approximately 
the amount of velocity destroyed in the rearward engine by the 
time all the buffers are used up. 

In order to make the problem general, we will assume the 
weight of the carriages each =3 w, and the extreme strength of 
the buffers nh tons; also their extreme play h feet. By the time 


the engine behind has moved forward a space #, after collision has 
commenced, let 2p be the pressure on the buffers of the rearward 

engine. We shall now show that p is always less than ^ , where 

ri is the number of pairs of buffers, and P the pressure on any 
buffer compressed to an extent x . For let x„ x„ &c., be 

the extent to which the buffers are simultaneously compressed 
reckoning from the carriage which first sustains the shock; nxj 
px„ nx ,, &c., the pressures of the buffer-heads corresponding to 
the compressions j? a , x„ &c. Now we have shown in our last . 
paper that the pressures of the buffers, and therefore x iy x 2 , x % 
&c., decrease as we recede from the end of the train nearest 
collision. 

,\ x { is > x t ; ^ is > x t ; &c. is > &c. 

P = M**/; pis < /***_,; p is < px M /- 2 > &c. is < &c. 
rip is < fi (xri + Xh'-i + &c.) is < px is < P; 

P 

.'. p is < -. 

ri 


r pdx is < /*° P dx is < /*° 

Jrih r Jrihri J ri i 


fixdx 
'h T ri 


is < 


Mn'A* 

2 


Therefore, if v be the velocity of the rearward engine, by the time 
the buffers are all used up, 


S (V*— *2) i s < Sftrik*. 

As an example, let 6= 1, as before; n= 19; .*. ri 
eluding buffers of engines before and behind) ; r =z 20 ; 


= 40 (in- 
V= 60; 


/. V* — e* is < — X 320 is < 32 X 16 is < 612. 

If V = 60, y 1 is > 3088 ; .*. v is > 65. Or, the velocity of 

the rearward engine has been diminished by less than 5 feet a 
second. 


If V had been put = SO, which is equivalent to about 20 miles 
an hour, still v would have had a value of 20 feet a second, or 
twelve miles an hour. In either case, it is clear that the shock of 
the engine behind would have been most destructive — in the first 
case frightfully so. 

To recapitulate the results of our investigation, it appears, first, 
that when a train with a single engine is violently checked, the first 
carriage will sustain the greatest damage, and the effect of the 
buffers will be to increase the number of blows on the first and 
succeeding carriages, but to diminish their intensity. Secondly, 
that when an engine is attached behind ; the last carriage after all 
the buffers are used up— having first to sustain the shock of the 
rearward engine proceeding with a diminished but still considera- 
ble velocity, if the original velocity of the train had been great, — 
will probably be the most seriously injured of all the carriages. A 
double shock will in this case have passed along the train — at first, 
by the sudden stoppage of the first carriages before all the buffers 
are used up ; and then from the blow from the rearward engine 
after all the buffers are used up. 

Since writing the former paper on this subject, we have seen a 
model of a break, by Mr. Bishop, which by an ingenious and simple 
contrivance is capable of being applied to all the carriages simul- 
taneously, and almost instantaneously. We earnestly recommend 
the adoption of some such method of suddenly occasioning a 
powerful retarding force, as a most efficient means of avoiding 
casualties and coroners* inquests. 

J. H. R. 


NOTES ON ENGINEERING.— No. XI. 

By Homersham Cox, B.A. 

The Strength of Hungerford Bridge . 

The security of a Suspension Bridge erected in the very centre 
of the metropolis, and liable to sustain the weight of a very large 
number of persons, is a subject possessing a scientific interest 
commensurate with its practical importance. The moment of the 
question has been greatly increased by two independent circum- 
stances— first, that it has been the subject of serious doubt and 
scientific discussion; and secondly, that the traffic of the bridge 
has recently received an important accession by the opening or a 
railway terminus in its immediate vicinity. 

There are some parts of the theory of suspension bridges exceed- 
ingly complicated and difficult, and others perfectly simple. Among 
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the latter is the estimation of the statical strain to which a chain is 
subjected when its weight and all its dimensions are known. This 
particular branch of the question may be set at rest without much 
difficulty. The object of the present paper is to do this by methods 
distinct from those which have been adopted in the previous dis- 
cussions of the question. 

Sir Howard Douglas, who first publicly moved the subject of the 
sufficiency of Hungerford Bridge, has ably calculated the strength 
of the chains, on the assumption that Abe form of them is the 
44 common catenary : w this method, the most scientific and exact 
of any, involves however considerable mathematical skill in its 
application. The mode about to be employed may be readily used 
in general practice, as it does not require a knowledge of mathema- 
tics; and the agreement of its result with that obtained by the 
process referred to, tends to their mutual confirmation. 

In suspension bridges, the central deflection is always small com- 
pared with the span between the points of suspension. It follows 
that the curvature of the chain is very small ; and whether it be 
considered a catenary, a parabola, or even the arc of a circle, the 
deviation from the real form will not be considerable. It is very 
usual, for the sake of simplicity, to assume the curve to be a para- 
bola, and that assumption will be here adopted after a few remarks 
tending to prove its accuracy. 

If the horizontal distribution of the weight of the chain and its 
load were uniform, the curve would be exactly a parabola, as may 
be easily ascertained by reference to any standard treatise on 
mechanics which refers to the subject. Now, when the bridge is 
crowded, the load on the platform is uniformly distributed hori- 
zontally. This is also the case with the weights of the platform 
and the parapet, which are considerable. Tne only mass not so 
distributed is that of the chains themselves, of which the links are 
horizontal at the centre, and inclined more and more up to the 
points of suspension. But practically this inclination is never 
large ; for instance, in Hungerford Bridge at the points of suspen- 
sion, as will be presently shown, the tangent of the angle of in- 
clination is about T V This gives the cosine of the angle less than 
-H | ; or 18 feet measured along the chain there, nearly corresponds 
with 1 7 feet measured horizontally. This shows that tne hypothesis 
of horizontal distribution, even for the chain alone, does not involve 
any considerable error ; and when the additional effect of the mass 
of the lead and platform, which is really so distributed, is taken 
with it. the deviation from the truth must be inconsiderable. 

On this assumption, then, the vertical line through the centre of 
gravity of half the chain and its load is situated midway between 
the centre of the chain and the extremity of the platform ; or the 
horizontal distance of this centre of gravity from the abutment is 
equal to oae-fbuith the span. Therefore, the moment about the 
point of suspension of the weight of half the chain and load, is the 
product of tnat weight and one-fourth the span. 

At the centre of the chain the tension is horizontal : its vertical 
distance below the point of suspension is equal to the deflection of 
the chain. Therefore, the moment of this tension about the point 
of suspension is the product of the tension and the deflection. 

The moments just determined are equal, the total effect to turn 
the half-chain about the point of suspension being produced by the 
weight, and this effect being resisted by the effect of the horizontal 
tension. (The platform not being rigid, contributes, nothing to 
the ultimate support of the load.) Also, in Hungerford Suspension 
Bridge, the deflection is 50 feet, and the quarter-span 169 feet. 
Consequently, 

Horizontal tension X 50 = weight of half-span X 189. 

Hence the weight of the half-span is Aft, or very nearly five-seven- 
teenths of the tension at the centre of the chain. 

On the authority of Mr. Cowper, who is believed to have ob- 
tained authentic and accurate information, it is stated, in Part 93 
of this Journal (June, 1845), that the total sectional area of 
the chains at their centre is 296 square inches. The Bridge is 
supported by four chains, two on each side of the platform, and 
the above is the sum of the sectional area of all four together. 
The horizontal tension is supposed to be uniformly distributed 
over these 296 inches. 

Wrought-iron bars become sensibly stretched and impaired 
when subject to a tension of 17 tons per square inch. They will 
not bear that strain permanently ; and in practice it is not con- 
sidered safe to subject them to a greater tensile force than 9 tons 
per square inch. Taking the latter measure, the greatest horizontal 
tension which the four chains together can safely bear is 296 X 9 = 
2664 tons; and the greatest weight of the half-span must, by 
what has already been said, be Aftths of this, or very nearly 
788 tons. Consequently, for the whole-span, 

The greatest total load = 1576 tons. 


This is, in fact, nearly the load to which the bridge is actually 
liable to be subjected. The weight of the chains (715 tons) added 
to that of the platform, parapet, rods, &c., and a crowd covering 
the platform with a weight of 100 lb. to the square foot, gives* 
according to Mr. Cowper, the maximum load at about fifteen 
hundred tons. We come to the conclusion, then, that when the 
bridge has its full load, the statical tension at its centre is nine 
tons to the square inch. 

The following method was adopted to test the accuracy of the 
hypothesis on which this conclusion is founded. By a known 
principle which applies to catenaries of every form, the tangents 
at any two points of the curve meet in the vertical line through 
the centre of gravity of the intervening portion of the chain. 
Consequently, if the assumption be true that the vertical through 
the centre of gravity of the half-chain bisects the half-span, the 
tangent at the point of suspension ought, if produced, to meet the 
platform midway between its centre and extremity. The observa- 
tion ^of this fact would be a crucial test of the above conclusions. 
This test was satisfactorily performed in the following manner. 
The inclination of the chain at its summit was observed with a 
telescope from various positions on the Bridge, and that position 
was noted in which the inclination of the chain at its highest point 
coincided with the axis of the telescope. That position of the ob- 
server 8 eye for which one end of the highest link covered the link, 
was of course in the line of that link produoed. By these means 
(applied for the sake of mutual confirmation to the points of sus- 
pension at both towers), it was ascertained that the centre of 
gravity of each half-chain was about six feet nearer the end, than 
the centre, of the platform. The advantage of this method of 
observation was, that it did not require particular accuracy : an 
error of 10 or even 20 feet would not have made a considerable 
difference in the result, while the errors of observation were cer- 
tainly far within those limits. 

It is important to observe, that if the Bridge were loaded with 
its full weight, the actual position of the centre of gravity would 
coincide with that above assumed, even more closely than it did at 
the time of the observation. 

To ascertain the tension at the points of suspension, we have 
the following rule, applicable to catenaries of every form. Add 
the squares of the horizontal tension and of the weight on the 
half-span: the square root of this sum is the tension at the 
summits of the chain — which, therefore, in the case before us, is 
= V { (2664)* + (778)* } tons. 

After obtaining this square root, divide it by 9, and the result is 
308, for the number of square incnes over which the tension at the 
summit must be distributed if the tension be 9 tons per square 
inch. The actual sectional area of the chain at the points in 
question is very near this — namely, 312 square inches. 

In the above caculations, the structure has been supposed to be 
in a state of equilibrium. The vibrations of the several parts of 
the chain, arising from the rapid motion of traffic, or the action of 
the wind, would certainly increase the strains greatly, though no 
means of calculating that increase have been yet ascertained. The 
foregoing method shows, with all the precision requisite for practi- 
cal purposes, that both at the centre and extremities of the chain 
the tension of the metal is 9 tons per square inch, when the bridge 
is fully loaded. The fairest way of stating the conclusion from 
these investigations appears to be this: — If the permanent tenacity 
of the metal be so great that it may be safely subjected to a greater 
strain than 9 tons per square inch, then the excess is a provision 
against accidental disturbances. If, however, 9 tons per square 
inch be the utmost strain which the metal will safely bear, no 
margin is left for security against the effects of rapid motion. 


THE WATER-GAS. 

Some lime has elapsed since a patent was obtained for a 
process of making illuminating gas from water; but the plan 
was not carried into practical effect, and dropped out of public 
notice. The invention has once more been brought before the 
public, and in a manner calculated to attract attention, by being 
made the subject of lectures delivered by Mr. Ryan at the Poly- 
technic Institution. The process itself is a very curious one ; and 
though the expense may probably render it a less economical mode 
of supplying gas than coals, where they are to be purchased at a 
cheap rate, yet, in many parts of the country, it is probable that 
the water-gas may be the cheaper of the two ; and as its purity 
and illuminating power exceed those ef the carburetted hydrogen 
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obtained from coals, it is well that the mode of making it should 
be generally known. 

To those who are unacquainted with the chemical composition of 
water, it may seem strange that water should be rendered the 
source of fire ; but to most of our readers it must be well known 
that water is composed of hydrogen, the most inflammable of 
bodies, and of oxygen, which, when in the form of gas, is the 
most active supporter of combustion. A plan of obtaining hydro- 
gen gas from water, by passing steam through a hot tube containing 
iron has been long known. The rationale of that process is, that 
the steam when in contact with heated iron becomes decomposed, 
the oxygen uniting with the iron to form an qxide of that metal, 
and the hydrogen is liberated in the form of gas. This, indeed, 
is the best mode of obtaining hydrogen gas in a state of purity ; 
but for the purpose of illumination, such gas is of no value. 
The flame, though emitting great heat, is scarcely visible. The 
illuminating power of coal-gas depends on the carbon it contains ; 
and the more carbon is contained in carburetted hydrogen,* the 
greater is its illuminating power. It is owing to the great pro- 
portion of carbon in turpentine, that it affords such a brilliant 
light in the u camphine” lamps, the only difficulty in the burning 
of that substance being to produce perfect combustion ; otherwise 
the abundance of carbon causes volumes of dense smoke. To 
render the water-gas illuminating, it is necessary, therefore, to 
combine with it a portion of carbon ; and it is this part of the 
process in which the principal novelty of the invention consists. 
The apparatus employed in the manufacture of the gas is exhi- 
bited at work at the Polytechnic Institution. It consists of a 
furnace, in which are three long iron retorts placed perpendicularly. 
Two of these are nearly filled with coke and old iron chains, or 
pieces of iron. Water is admitted into the first of these, and 
being converted into steam, it is then decomposed by the iron, 
and the hydrogen gas which is liberated, absorbs at the same time 
some portion of carbon from the heated coke. The gas and resi- 
dual steam are then passed into the second retort, where a similar 
process of decomposition and of further carbonization takes place ; 
and it then issues into the third retort, where it is brought into 
contact with heated tar, and absorbs from it a large portion of 
carbon. The carburetted gas is then forced through some vertical 
tubes, to permit the deposition of superfluous tar, and is conducted 
into the gasometer reaay for use. The illuminating power of this 
gas is estimated to exceed that of ordinary coal-gas, 25 per cent. ; and 
its freedom from sulphur and other impurities renders it far prefer- 
able to coal-gas. Respecting the economy of the process, Dr. Ryan 
says nothing ; and we believe that it was on this point that the 
invention failed to be practically useful when first introduced. 
The cost of the fuel to heat the retorts, of the iron to decompose 
the steam, and of the tar to carbonise the gas would, we tear, 
amount to more than the cost of coal, in most parts of England, 
for making the ordinary kind of coal-gas. In many circumstances, 
however, we conceive this mode of generating illuminating gas 
may be advantageous, especially when the purity of the gas con- 
sumed is an object of importance. 


ON ISOMETRICAL PERSPECTIVE. 

By R. G. Clark. 

The object of this article is to communicate an easy method, by 
construction, for determining the transverse and conjugate 
diameters of an ellipse touching the sides of an oblique parallelo- 
gram, being the isometrical projection of a circle inscribed in a 
square. 

Draw the isometrical parallelogram A B C D, and its two 
diagonals A C, and B D ; bisect 0 C in m, also bisect A m in N, 
and then with the radius A N and centre N, describe a semicircle 
cutting O B, produced in R. Again, with centre O, radius O R, 
describe a semicircle a R c cutting A C in a and c ; then will a c be 
the transverse diameter required of the ellipse. In like manner, 
bisect O D in *, and B * in r, and with the centre r, and radius r B. 
describe a semicircle cutting 0 C in t ; again, with centre O and 
radius O t, describe an arc cutting D B in b and d, then will b d be 
the conjugate diameter required. 

The above may be demonstrated thus : — Because the sides of the 
oblique parallelogram respectively touch the curve, they are tan- 
gents to it. By the properties of the Conic Sections fsee Dr. 
Hymer s elegant treatise), we have, AOX MO = flO 3 ; but 
MO = m O, therefore a0 2 = AOxwO. Also, hy the property 
of the Circle, we have a O* = O R*. A similar mode of proof 


applies to the conjugate diameter. After the diameters are thus 
determined, the curve can be easily trammelled in the usual way. 
It would also be well to state an easy rule, by calculation, founded 
on the above construction. 



Rule. — Multiply the diameter of the circle by 1*224- for the 
transverse diameter, and by *707 for the conjugate diameter. 

Ex. — Given the diameter of a circular turn-table = 14' 5% 
to find the transverse and conjugate diameters of its isometrical 
representation. 

Here, by the rule, 14*5 X 1*224 = 17*748 transverse diameter. 

14*5 X *707 = 10*25 conjugate diameter. 

The previous method of construction, however simple, I have 
not before met with in any work on isometrical perspective. The 
rule by calculation is easily deduced from the construction, mak- 
ing the isometrical diameter, or the given diameter, of the circle 
equal to unity : Thus, because the isometrical angle OAB = 30% 
therefore BO = 4 AC. Hence O A = V (1* — *25) =*866 ; 
therefore, oO 2 = AO X MO = *866 X *433 = *3749. By 
extracting the square root of each side, we have a O = *612 ; con- 
sequently, the transverse diameter ac = 1*224. Also, BO = 
4 B C = *5 ; therefore, BO X |BO = 6 O 2 ; hence 60 = *3535 ; 
consequently, the conjugate diameter b d = *707. These are the 
numbers as given in the rule. I have not seen this rule in Jopling’s 
treatise, but there is a table given of diameters, with the same 
figures to the Diameter 1. It will be observed, that all the lines 
that are in the figure are not reouired in the construction, but 
only the two diagonals : the other lines are only drawn to assist in 
the demonstration. The method given by Professor Farish in his 
paper on Isometrical Perspective, in Gregory’s “ Mathematics for 
Practical Men," is very tedious, both by construction and calcula- 
tion. 


EXPERIMENTS ON CEMENT. 

A good deal of attention has recently been directed to the merits 
of a cement called “Portland” cement, manufactured by Messrs. 
Aspden and Robins, of Northfleet ; and on Monday, the 18th ult., 
a numerous body of architects, builders, &c., assembled at the 
town premises of these gentlemen, in Great Scotland-yard, to 
witness a number of experiments with the cement, both alone 
and in combination with sand, in different proportions ; the follow- 
ing are some of the trials made : — 

Best Stock Bricks Cemented against the Wall. 

Experiment 1. — 17 stock bricks were cemented together with 
roman cement (all cement) and projected before the face of a wall, 
as fig. 1. They broke down with 7 lb. placed on the end. 



Fig. i. 

Experiment 2. — 11 stock bricks, cemented together with l sand 
and 1 roman cement, broke down with 7 lb. placed on the end. 

Experiment 3. — 38 bricks, cemented with neat, patent portland 
cement , broke down with 14 lb. placed on the end. 

Experiment 4. — 30 bricks, cemented together with 1 portland 
cement and 1 sand, broke down with 15 lb. at end. 

Experiment 5. — 22 bricks cemented together with 1 portland 
cement and 2 sand, broke down with 168 lb. at end. 

Experiment 6.-25 bricks, with 1 portland cement and 4 sand, 
broke down with 56 lb. at end. 
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Experiment 7. — 26 bricks, with 1 portland cement and 5 sand, 
broke down with 74 lb. at end. 

Experiment 8. — 14 bricks, all portland cement, with a wheel of 
9 cwt. in the centre, broke down with 17 lb. at end. 

Experiment 9. — 16 bricks, cemented together with 1 portland 
cement and 1 sand, and suspended at both ends, broke down with 
15 cwt. placed in a scale suspended on the centre. (See fig. 2). 



Experiment 10. — A block of portland stone, 2 ft. 11 in. long, 
and 9 by 9 inches, broke with a weight of 38 cwt. (See fig. 3.) 

Note . — A block, cemented with roman cement, would not bear the 
weight of the stone, in a similar position. 



Fig. 3. 


Trials in a Hydraulic Press . 

Experiment 11. — A block, all portland cement, 18 inches high 
and 9X9 inches, bore a pressure equal to 108^ tons on the square 
foot. 

Expt. 12. — A mixture, 1 sand and 1 cement, ... 80 tons sq. foot. 

Expt. 13. — A mixture, 4 „ 1 „ ... 80 „ „ 

Expt . 14. — A mixture, 7 „ 1 „ ... 44£ „ „ 

Experiment 15. — A block, all roman cement, broke at 224 tons. 

Experiment 16. — A mixture, 4 parts sand and 1 roman cement, 
would not bear any pressure. 

Experiment 17. — A block of portland stone, 1 j in. X 1 in., broke 
up at 23 cwt. 

Experiment 18. — A block of the portland cement, the same 
dimensions, broke with 18 tons. 


New Screw- Cutting Machine-— k plao of cnUiog iron screws is stated to 
have been invented by Mi. P. H. Gates, of Chicago, Illinois, by which the 
power of one man will cut per day, 700 balf-incb, 500 three-quarter inch, 
400 one inch, and 300 one-and-a-half inch bolts. The advantages claimed 
for this plao over the common die are, its dispatch in doing work ; its dura- 
bility, having cut over 4,000 bolts with one die, without any repairs; instead 
of jambing or driving the thread into shape it cuts it out, the same as in a 
lathe, leaving the thread of solid iron, which cannot be stripped off as is 
usual with those cut by the common die, and it will do the work by once 
passing along the bolt, making the thread perfect. The die, it is said, can 
be made by ordinary workmen, with far less expense than the common die, 
and when made, is not at all Uable to get out of repair. 


BE VIEWS. 


The Palace of Westminster . Imperial quarto, Part I. London : 
Warrington and Son, 1848. 

At present, we can hardly pretend to give an opinion as to the 
merits of a series of architectural illustrations from the three en- 
gravings in this first Part ; nor are we able even so much as to sav 
to what extent it is intended to carry the publication, and what will 
be the entire number of plates, there being neither prospectus nor 
advertisement on the wrapper to afford that somewhat desirable in- 
formation. What strikes at the very first as objectionable is, not 
that the plates are published miscellaneously while the work is 
coming out, but that it seems they are intended to be bound up so, 
instead of being duly arranged according to some sort of order and 
sequence. The subjects contained in this Part 1. are : Plan of the 
Principal Floor, the Royal Court (a perspective view), and an Ele- 
vation of the lower part of the Victoria Tower, which are designated 
in the heading of the descriptive letter-press accompanying each of 
them, as Plate I., 11., 111., respectively. Wherefore, although 
the descriptive letter-press itself is not paged — which looks as 
if it had been intended to leave it to purchasers to arrange the 
subjects ultimately to their own fancy — such accommodation is 
now frustrated by the plates being numbered in the letter-press, 
and in our opinion quite uselessly, there being no corresponding 
numbers on the plates themselves, so that the binder can be guided 
only by their titles. We almost fancy that the “ numbering^’ must 
have occurred thiough mere oversight ; and if so, now that the 
very great inconvenience attending it is pointed out, it ought to 
be abandoned at once, — should which be done, cancels ought to be 
given of the descriptions already published. 

As matters have been managed, Plate I. is a Plan of the Princi- 
pal Floor ; but surely that will not be the only illustration of the 
kind, or else the work will be singularly defective and unsatisfac- 
tory. Hardly can we believe that it is not intended to give some 
other plans — at any rate that of the ground-floor, it being quite in- 
dispensable for properly understanding the structure. The floor 
immediately above the principal one ought also to be shown. Be- 
sides which, there are many portions of the Principal Floor 
itself which require to be exhibited upon a larger scale, and much 
more in detail ; the scale of the general plan being no more than 
that of an inch to 120 feet, which is so small that it is imposible to 
measure from it with any sort of accuracy some of the lesser 
rooms ; — wherefore it would not have been amiss had the respective 
dimensions, according to actual measurement, been inserted in the 
u Key to the Plan.” With regard to the plan itself, it does not 
extend beyond W estminster Hall ; consequently, it does not show 
what is to be done on the west side of the Hall, along Margaret- 
street and New Palace-yard. Nor is the plan quite so distinct as 
it might be, owing to all the parts that are under roof being shaded, 
and only the open courts and areas left plain or white. So far 
indeed distinction is made between the covered and uncovered 
parts of the plan, but there might just as well have been greater 
distinctness also produced by making the walls considerably 
darker than the rest. In our opinion, shading of the kind might 
have been dispensed with altogether in what is an upper-floor plan, 
it being quite sufficient to treat the ground-floor one in that man- 
ner. Or — for the disagreeable doubt now comes across us— is 
this plan to be the only illustration of the kind? We will not 
believe that it is until we can no longex disbelieve it. Even a 
ground-floor plan will not be quite satisfactory unless it be made 
to show — except that be done in a separate situation's-plan, on a 
lesser scale — the relative position of Westminster Bridge. Henry 
Vll.'s Chapel, and other circumstances of the peculiar locality. 
Else, how are those who are quite unacquainted with that locality, 
to form any notion of it ? A publication like the present, more 
especially its subject being taken into account, is not likely to be 
confined to this country, but will be eagerly turned to abroad, 
wherever the fame of the Palace of Westminster and its architect 
has reached ; and how are those who possess no other information 
than what they can derive from plans, to understand the difficulties 
imposed upon the architect by the site, and make due allowance 
for what must strike them as being defective and unsatisfactory in 
the disposition of the west or principal land-side of the edifice ? 
For our part we should say, that besides a general situation s-plan, 
there ought also to be a plan of all the buildings as they existed 
before the fire. And undoubtedly a plan of the kind ought to be 
inserted in this publication, if only as a historical document. 

Plate II. shows, in a perspective view, a part of what is called 
the Royal Court, it being that into which the state carriage and 
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other royal equipages drive and turn round when the sovereign 
goes to parliament. Here we see on the east side, the large bay 
window and range of upper windows of the Royal Gallery, and 
part of the south side of the court, where the windows on the 
principal floor belong to the office of the Lord Great Chamberlain. 
The archway through which the carriages pass from the porch 
beneath the Victoria Tower is quite in a corner, at the south- 
west angle of the court. The architecture of the court is good, 
but not at all remarkable, except on the west or gallery-side of it, 
where the two archways below (one of them leading into the 
Chancellor s Court) the small octagonal staircase turret, the oriel 
window with soliu wall in the compartment between the but- 
tresses on each side of it, broken only bv arched and splayed 
panels, containing royal armonial bearings, form, together with the 
range of lofty windows above (those in the upper part of that 
side of the gallery), form a sufficiently picturesque and piquant com- 
bination, — such as can hardly fail to captivate the admirers of the 
olden time. What the other elevations of the court, which are 
not shown in the view, may be, the description does not inform us. 
To say the truth, the descriptive letter-press is exceedingly meagre, 
dry, and bald; and has, besides, the disadvantage of consisting 
only of detached scraps. 

Plate III., the elevation of the royal portal or entrance -porch 
in the lower part of the Victoria Tower, exhibits, on a tolerably 
adequate scale, the exceedingly rich details of that part of the 
structure ; in the character of whose open arch we fancy we re- 
cognise a resemblance to that of the beautiful Erpingham Gate at 
Norwich. Satisfactory as it is in other respects, the print hardly 
does justice to the structure itself ; for it conveys no idea of the 
8trikingly-fine effect produced by an open arch of such magnitude 
(50 feet high to its apex), on the exterior of a building. The plate 
being a mere outline one, the picturesque contrast of light and 
shade is quite lost ; therefore, although it is not likely that any 
one will actually make such a mistake as to suppose that the arch 
itself is filled-up by the lesser arch and gate seen on the further 
lane of the elevation, it would have been better had that plane 
een entirely, though slightly, shaded — because then the opening 
of the arch would have been distinctly defined. There will, we 
hope, be a section of this porch drawn to the same scale as the ele- 
vation ; and we also desiderate a fully detailed plan, to show the 
groining of its vault. 

However interesting and excellent the materials for it furnished 
by Mr. Barry may be, the publication does not seem to have 
been planned with much judgment or foresight. The separate 
u History” of the Palace of Westminster is by Mr. H. T. Ryde ; 
but who is the general editor, or who writes tne descriptive por- 
tion of the letter-press is not said, — it is certainly nothing to 
boast of. As to what calls itself “ Introduction,” that might, in 
our opinion, very well have been spared, for it strikes us as being 
in wretchedly bad taste — a tissue of vulgar bombastic common- 
place, and puff. 

Since the above was put into the printer s hands, we have seen 
Part II., which came out only a very few days after Part I., and 
which gives us thiee more plates. The first of them exhibits to 
us in perspective a portion of the exterior — viz., the u South- 
Wing Towers ” of the principal or east front ; yet, although care- 
fully done by a very competent architectural draughtsman (Mr. J. 
Johnson), and although we cannot but commend the diligence be- 
stowed upon the drawing, the engraving is not altogether satisfac- 
tory. What has been alleged by some against the building itself, 
makes itself here felt ; for the multiplicity of the details and en- 
richment spread over every part, is such as to occasion no small 
degree of confusion and indistinctness. This is especially the 
case with regard to the upper part — the towers and the roof, 
where the different forms and surfaces do not define themselves at 
all clearly. More decided general effect as to light and shade, and 
greater vigour of touch, are required. In fact, the ordinary mode 
of lithography — that here employed — is hardly capable of doing 
justice to such a subject, for it snows poor and flat in comparison 
with that improved method in which tne whites, as they are tech- 
nically termed, are printed ; therefore, after being now accustomed 
to that more energetic and pictorial mode of lithography, we feel 
dissatisfied with tne one here practised. With the next plate — 
the Interior of the Royal Porcn — we are made to feel very much 
so ; for whether it be that the impression we have got is a defec- 
tive one, it is particularly feeble and tame, and most of all so in 
those parts which require some of the deepest touches of shadow. 
While there is little or no truth as to the general effect of light 
in such a situation, the shafts and mouldings of the second or 
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smaller, immediately inclosing the third and smallest arch, are 
scarcely defined at all below, on the side which is in the shadow. 
It may also be objected that this subject shows us very little more 
than what is seen in Plate III. beyond the open arch in the 
elevation of the exterior of the porch, the view being confined 
merely to that east side, without showing anything of tne vaulted 
roof, or of the flight of steps on the north side leading up to the 
royal entrance into the building ; which is consequently not even 
so much as indicated, although it might very easily have been so 
by just reducing the scale a trifle, and bringing a little more of 
the interior into view. This plate moreover confirms what we 
have said as to the injudiciousness of numbering the subjects ac- 
cording to the order in which they happen to be published, since 
this view is partly identical in subject with Plate III., accordingly 
oupht to have immediately followed it ; instead of which, Plate 
IV. is altogether different in subject— one, besides, which interrupts 
the natural sequence of the subjects, for all the respective views 
of the exterior ought to come together, and follow each other in 
some regular order ; yet no such arrangement can now be adopted, 
except by disregarding the numerical order of the plates, and 
thereby giving the letter-press the appearance of being strangely 
shuffied-up, Plate VI., however, does really follow Plate V. with 
great propriety ; it showing on a larger scale the statues of the 
three popular Stoints, Andrew, George, and Patrick, in the niches 
over the gate leading to the royal court. Whether they are 
worthy of having a plate devoted to them is a different matter : 
as mere architectural accessories, they may be privileged to pass 
muster without criticism ; but if they challenge admiration on 
their own account as works of art, they are not likely to obtain 
it — at least, not as here represented, which is but in a very so- 
so-ish manner. 


A General Sheet Table for Facilitating the Calculation of Earth- 
works for Railways, Canals, c, By Fbanois Bashfobth, M.A., 
Fellow of 8t. John s College, Cambridge. — Ch^in of 100 Feet. 

Mr. Bashforth's previously-published table of earthworks was 
calculated to a chain of 66 feet. He has now extended the 
utility of his labours by calculating the present table for a chain 
of 100 feet: the method of applying the figures remaining the 
same as before. As we have already reviewed at length Mr. 
Bashforth’s system, which is distinctly and peculiarly his own ? and 
have had occasion to decry an attempt to rob him of his mde- 
feisible right and property in his own labours, it is not necessary 
now to speak further, eitner in the way of explanation or com- 
mendation, In the present table the proportional parts, instead 
of being contained on a separate card, are printed beside the in- 
tegral numbers. By this arrangement space and trouble are 
saved, and all the information which is usually requisite is con- 
densed and presented at one view. We are afraid to say much 
in praise of the improvements which the author has effected in 
the calculation of earthworks, lest our observations should pro- 
voke the cupidity of some literary burglar : property in tables of 
earthworks is found to be so insecure, that the only safe way of 
retaining it seems to be by concealing it. 


Incitements to Studies of Steam and the Steam-Engine ; or, Prac- 
tical Facts relative thereto Properly Appropriated . By W. Temple- 
ton, R.N. Woolwich. London: John Williams, 1848. 

The object of this little book is to diffuse information on marine 
engineering, particularly to enable persons to prepare for the exa- 
minations for engineers in the navy. Of course, such a work will 
be equally useful for engineers in the commercial steam service. 
We tnink it likely to be very serviceable for those classes to whom 
it is addressed, and we therefore recommend it to our readers who 
feel an interest in the subjects to which it refers. 

Mr. Templeton suggests as one of the uses of this little book, 
that although it is not professedly instructive for the higher 
branches of the profession, it may be found available as a ready 
prompter, for refreshing the memory on points of practice. By 
keeping up the standard of attainments among workingrinen, we 
think Mr. Templeton will do some good. 
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GEORGE STEPHENSON. 

On the death of a great man it is a good time to think of what 
he has done. We are struck by the loss : the thought comes 
gloomily that he who so lately stood among us, whose smile still 
beams upon us. whose sayings are fresh in our ears, and whose 
looks have not faded from our sight, has ended his days here and 
sought another world. We begin to tell over his words and deeds, 
the great and good things he has done, his strength and his fail- 
ings, his sorrows and his joys ; — we hasten to snatch a last look 
before the bright remembrance is dimmed. 

George Stephenson was so lately amidst us, in strength of body 
and mind unbroken, that it is hard to believe he lies in the cold 
grave ; and the more so while his works speak so loudly of him. 
In mind he is among us, if not in body — indeed, his remembrance 
cannot so soon leave. The last duties have been paid— the earth 
has been laid upon him, his name is written on his coffin, and the 
newspapers have told of his birth and his death : but his brethren 
have yet much to think over. He has given the engineers of 
England a European name ; he has opened for them a new field of 
employment at home, a wider field of honour and of wealth abroad, 
and they owe him heartfelt thanks. 

When we look to the man, our hearts are stirred within us. We 
begin with his lowly birth, we witness his great rise, his wonderful 
works, but still more his kindly feelings ; we wonder how he did 
so much from small beginnings, and every young man burns to 
follow in the footsteps of one so truly peat and good. We have 
thought, therefore, a few words may be in pod time now, gathered 
from the several books and papers in which they lie scattered, and 
which may perhaps be a spur to those able to do something worthier 
of the man. 

His life is none the less useful as being that of a working-man, 
who by his own straight-forwardness raised himself to the topmost 
height ; and as he began without school-learning, and in a private 
way, it opens many of those questions which have been much 
written upon of late years as to the teaching of engineers and how 
far they should be under the sway of a government. Inasmuch, 
too, as, unlike many men of learning, he was most happy in earning 
wealth, and in keeping it, in a good name, and in the love of his 
household, it may be worth while to ask why he should have had a 
better lot than other men, and what share an upright and manly 
mind had in helping on a quick and ready wit. Many, indeed, think 
that a clever man may do as he likes, and that he need put no 
bridle on his wishes, nor trouble himself whether his deeds be right 
or wrong, but may be a good and successful engineer notwithstand- 
ing. Stephenson s life will tell us something on all these heads. 

I. BOYHOOD. 

Geobge Stephenson was born in 1760, at a small and lone cot- 
tage between Close-House and Wylam, in Northumberland, and 
within nine miles of Newcastle, in the colliery district. He 
was one of several children, the son of poor people, who had long 
dwelt in the same neighbourhood, and who were very respectable. 
The elder Stephenson is said to have been a collier, but by other 
more likely accounts 1 an engine tenter at a colliery. That the 
parents were people of high character is best proved by the early 
life of the son, but most by his behaviour towards them. 

Schooling they were ill able to give him, and it is not certain 
that he learned to read before he began to labour ; but he had that 
best kind of teaching which comes from the heart. An open and 
upright mind was the true groundwork on which his greatness was 
built, and he owed it to the humble home in which he was brought 
,up. We pride ourselves now-a-days that we have spread national 
schools over thp land, and that we have taken care for the 
right bringing up of youth ; and we think it much better that all 
can now learn to read and write. It may however well be asked, 
how far this alone is £ood ; for we have struck a blow at that home- 
schooling, under which for so many hundred years Englishmen 
have been bred. Formerly, the cotter had the whole care of his 
children; the father and the mother were held answerable for their 
offspring, and if these ended ill, the shame was a by-word among 
the neighbours. Now ? the child is handed over to the schoolmaster, 
without whose teaching life is held as nought, and whose reading 
and writing are to breathe worth into the boyish mind. It is no 
longer said learning is better than house or land, but that it stands 
in the stead of everything, and is worth itself. The work of 
father and mother is now at an end ; and if any ill befall, they 
answer they sent the child to school, and if any be in the wrong it 
must be the schoolmaster. This is telling more than is believed, 
*nd is one of those things which is sapping England. How often 

i Derby Reporter, Auguit, 1648. 


must it be said that reading and writing are not to bring a child up, 
while its body and its soul are untaught ? and better is it to have 
the homely English breeding of George Stephenson than the mock 
useful-knowledge-schooling of Dr. Bell or the Prussians. 

If not taught to write, George Stephenson was taught to be a 
good son, and an upright man ; and thus in after-time to find in his 
own son a true helpmate, and one who fondly loved him. It is 
not likely that the lad felt any repining, but earnestly took up— 
what should be the lot in life of all — to work for his bread by the 
sweat of bis brow. He never looked for anything else, — he had no 
yearning for idleness, and hismind never gave way under the burthen 
which was laid upon him in after-life. In common with his brothers 
he was early set to work to earn his share of the household food — 
so early, that his first earnings were only two-pence a day. He 
led the horse at the plough when almost too young to stride across 
the furrow ;* riding nim to his work betimes m the morning, when 
many children were still asleep, and had not begun their boyish 
play. 

So lowly were his first endeavours, that they were given to the 

M share or the coal-heap. Sometimes he wrought at picking 
id dross from the coal ; and he was so young, and so young- 
looking, that he had often to hide himself when the overseer went 
round, lest he should be thought too little to earn his small living.* 
From twopence a day he rose to fourpence, and at length to six- 
pence a day, — as great a rise, and perhaps as fraught with brightest 
hopes and swelling pride, as when in after-years his locomotives 
moved from miles to scores, and when the maker of a short tram- 
way became the undertaker of iron roads between London and the 
millions of the north, and kings and statesmen smiled on the won- 
ders he had wrought. 

In his boyhood he was most marked amon^ the playmates of the 
hamlet as foremost in their sports and pastimes, — and indeed we 
need not wish for more. His mind was not tasked beyond its 
strength, nor made to yield unripe fruit. The healthy growth of 
his body enabled him to work out whatever his powerful mind 
spurred him to do ; and for twenty years of his life (from forty to 
sixty), he never flagged in tasks which the unbroken strength of 
youth can seldom master. 

It is said that he early showed a mechanical turn, and that he 
mended the clocks and watches of the pitmen, and even made their 
shoes, 4 to eke out his boyish earnings ; but it seems more likely that 
the watch and clock mending belonged to a later time of his life, 
for had he shown such a happy knowledge, it is hardly likely that 
his skill should have been so little thought of, as until his man- 
hood it seems to have been. 

Shortly after he had come into his teens, he worked as breaksman 
for Waterrow pit, on the tramway between Wylam and Newburn. 
By this time his father had moved from Wylam to Walbottle. The 
lad now set up his first servant, which was no other than a great 
dog, whom he taught to bring his dinner daily from Walbottle 
colliery to the tramway. 5 

He is said even at this time to have helped in keeping his father 
and mother,* — a homely deed, but one of which he had a greater 
right to be proud than of any engineering undertaking. A right 
English feeling in his love of kindred was always lively in his mind, 
ana it showed itself in his fondness for his father, his son, and the 
children of his brothers, and in every deed of his life. While 
earnest to make his own way, he was no less so that those about 
him should get forward — nay, if it might be, even before him ; and 
while his mind was still unbroken, he left his son to carry out alone 
the great works in which they had begun together. 

n. KILLING WORTH. 

The Stephensons went to Willington and Killingworth, at which 
latter is a colliery belonging to Lora Ravensworth and his parthers. 
Young George was now put to be stoker to a colliery engine, at 
one shilling a-day, and as he himself told— “ In my younger days 
I worked at an engine in a coal-pit. I had then to work early and 
late, often rising to my labour at one and two o’clock in the morn- 
ing. 7 It was at Killingworth, however, that his lot in the world 
was settled, for there he made his beginning as an engineer. 

As his strength grew so did his work, and he went on until he 
became an engineman at 12*. a-week. This was a great step, as 
he never forgot, for some months ago being at Newcastle, he sent 
for an old fellow-workman to dine with him at the Queen’s-Head 
hotel, and talk over old times. — “Do you remember, George,” 
asked his friend after dinner, “ when you got your wages raised ? 
“WelV’said Stephenson, “what about that?” “You came out 
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of the office all smiles, and told us you'd got your wages raised to 
12#. a-week, and you were a man for life. Now, you would find it 
hard to tell what you have a-week.” u Yes,” answered he, laughing, 
44 1 dare say I should.” 4 

It was, however, a great step, for it had a share in his teaching. 
He was at home with the steam-engine, and with his searching 
mind he was storing up that knowledge which was to be most 
useful to him. It was a good working-school for a great engineer — 
as good as Brindley's in a mill, or Watt's in his workshop at Glas- 
gow. His mind was awakened : he did not stand listlessly by to 
feed the fires, — but the engine lay before him as a book wherein to 
read its | workings, to master its powers, to know its weaknesses, 
to task its cunning. There is something in the steam-engine 
which is a spell and a charm to the beholder, — something more and 
something else than the love of the sailor for his ship ; such as the 
weaver feels not at his loom, nor the smith before his anvil. The 
smith or the weaver is the maker — the hammer or the shuttle works 
as his hand lists ; but the steam-engine stands as with life and 
breath within it — working of itself, earnestly, steadily, and manfully; 
by day and by night, in its youth and in its elder years, when 
scores of men who wrought with it have sickened and breathed 
their last. To the working-man it is a thing of care and love, and 
its sight seems to give might to those who behold it, and to teach 
them the cunning which is in its own make. Thus, boys who 
watched strengthened it with cords and rods of iron; — thus, a toy in 
the hands of Watt, it claimed his life for its care, and grew to 
unwonted growth; — thus, time after time, have master and workman 
nursed its childhood, and helped it onwards to its mightiest 
strength — and Stephenson has not been among the least of these. 
The weaver does not better the loom ; but day-by-day some lowly 
workman gives his small meed of help to the steam-engine. 

The next step that we know of in Stephenson's onwaid path was 
his getting seventeen shillings a-week. 8 Whether this was at 
Wilfington or Killingworth is not settled ; but soon afterwards he 
was at Killingworth, with a shilling a-week more, and sometimes 
putting to his slender earnings a little for his over-time or for 
piece-work. 

He had now grown up to manhood, and to a good name among 
his neighbours, being, as those who now live remember, a hard- 
working and upright man, having the trust of his masters and of 
his fellow workmen. 

One of the first deeds in which he is said to have shown his skill 
was at Killingworth. The sheaves over which the ropes work at 
the pit were much fretted as they were then made, and the ropes 
wore quickly away. Indeed, the ropes which elsewhere lasted three 
months, wore out at that pit in a month. This was a heavy outlay to 
the owners, and much trouble to the work-people. Many ways 
were tried, but fruitlessly; and at length they gave up all hope of 
a cure. Seeing the evil was great, Stephenson gave his mind to 
find out whence it arose; and having done so, he set to work and put 
the sheaves to rights, so that a rope was saved in two or three 
months. 10 

By this time he began to feel his own worth, and to yearn after 
something better than his then way of living ; but he thought that 
to better his means, no other way was so good as to learn more, and 
fit himself for higher tasks. He had it in hand moreover to go to 
New England, whither the stream of settlers did not flow so fast as 
it does now, and where therefore greater hopes were held out 
to the skilful workman who chose to leave the Old World so 
far behind. In the beginning of this are, it was a greater task to 
go to America than it now is to go to New Zealand ; and it shows 
young Stephenson's boldness that he undertook it. Nevertheless, 
it is not likely that it was his own thought, but that of one of the 
two men who were to be his fellows in the undertaking. One of 
these, named Wood, gave Stephenson a knowledge of writing and of 
numbers, which it therefore seems he did not learn until his man- 
hood. It was the wish of Wood and Stephenson to try their hands 
in the New World at mechanics and farming, for which latter 
he had at all times a love. 11 If we remember that in those days 
the trip to America was costly, and that no one could go free, we 
may see that Stephenson must have had some thrift, when he was 
able from his slight earnings to save wealth enough for such a task. 
It shows, too, that he was not given to drinking or to waste, but 
had steered free of that shoal on which too many working-men are 
wrecked — the pot-house, in which their wages are swallowed up, 
their minds blasted, and their health worn out. We know, indeed, 
there were few evenings of George Stephenson's early life which 
were idly spent. First, he was kept late at his engine ; afterwards 
his nights were spent in learning ; by-and-by in earning the means 

8 Gateshead Observer. » Derbyshire Courier. 

Derby Reporter— Derbyshire Courier. * a Derby Reporter. 


for his son's schooling, and afterwards in working and learning by 
his side. 

Beyond the prompting of Wood or his other mate, there was 
much in the times to work upon the mind of any thoughtful man 
in the lower walks of life. In 1800, a fearful dearth spread through- 
out Europe, and the want of breaa was sorely felt among us. The 
war, too, had full sway — wages were low, food dear, and what was 
worse, the lot of the working-man was cast under the bitterest 
thraldom which ever befell Englishmen. George Stephenson, in 
common with every poor and friendless man in every hamlet 
throughout the land, might have been torn from his home and 
kindred at any hour by a press-gang ; hurried off to sea, and kept in 
bondage, as many good tradesmen now in London have been, for 
ten long years or more without setting foot on English ground. 
He was open to the lot of the militia and the local militia, and 
could only find some one in his stead at a very great outlay. In 
many townships, wages were made up by the parish-board, and the 
hard-working man was made a beggar against his will. Such was 
the lot of the working-man, were he even husband or father: his 
life was not his own ; his freedom hung by a thread, at the breath 
and will of others. George Stephenson, too, might have been 
pressed, as others were. These were the good old times — gone, it 
is to be noped, never to come again ; now almost forgotten, and even 
when read here it will hardly be believed that in boasting England 
such things were. 

It could hardly be otherwise than that the manly English mind 
of George Stephenson should spurn the lot in which he seemed to 
be cast, and yearn for the freedom which was held out to him 
among our brethren on the other side of the great sea; and had he 
gone, we should have lost him as we have so many other men of 
great mind — lost to England, and gone to swell the wealth and 
fame of America, and keep up the race of life against us. Those 
who know our best working-men, are well aware how wistfully they 
look to those lands where they can Bhare in the birthright of their 
fathers, and how often they give up a good livelihood at home for 
the love of that freedom which is withheld from them in England 
by the working of the laws. Irishmen go to Canada or New 
Brunswick ; but the Englishman who leaves home, goes not to our 
settlements, but to the United States — for he seeks more than 
bread. If, too, a man of quick mind, he is not shut out by burthen- 
some patent-laws from reaping the fruits of his skill ; and the best 
wealth he takes with him is often some bright thought, which 
ripens in the new land he has chosen. We may follow in our 
mind's eye George Stephenson across the seas, and behold him 
building at Philadelphia the engines and railways of which he has 
here made us proud. These are things little thought of — but still 
worth thinking about, for they come nome to the bosom of every 
free-minded working-man among us. 

It was unwillingly, and with sorrow. Stephenson thought of 
leaving his kindred and his best belovea, his homestead and the 
land of his birth, of his boyish games and of his early manhood. 
It went against his heart ; but he felt upon him the strong call to 
free himself from the thraldom which beset him round. Thus he 
told afterwards to one who knew him : he said, 44 You know the 
road from my house at Killingworth to such a spot. — When I left 
home and came down that road, I wept, for I knew not where my 
lot would be cast.” 18 How bitter must have been the thought to 
one who felt so deeply. 

It was not, however, to be so— we were not to lose him. While 
his lot hung by a thread, and day by day the time for leaving 
drew nearer, he had every morning as he went to his work to pass a 
newly-sunk pit, whence they were endeavouring to draw the water; 
and time after time did he see the pit overseers and engineers 
striving bootlessly to get through their work. In one of his 
walks he stopped to look, and could not help saying to some off 
those arouna, that if they would let him, he could, to use his own 
words, 44 set them to the bottom.” He was at first laughed at, but 
at length they left him to have his way ; and he went through 
with it so as fully to answer to what he had held forth. 18 

This gave him a name among the neighbours as a skilful man; 
and he was no less happy with an engine which had been put up to 

R water at a pit, but would not do its work, for it could not 
ide to pump. As is said at all such times, the skill of the 
whole neighbourhood was overcome, and Stephenson came in as 
the last doctor, to make the cure, and make it more wonderful. He 
said he could make the engines pump in a few hours ; and though 
not believed, he did so, to tne delight of the overseers. 14 Whether 
this was the same work as that already named we cannot say, for 
by some it is told as two things. One writer 14 says it was a large 

~ i a Derby Reporter. * • Derbyihlre Courier. 

>4 Derbyshire Courier-Derby Reporter. * 4 Gateshead Observer. 


Digitized by t^ooQle 


1048.J 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


299 


condensing-engine, made to draw water from the pit, and which 
had gone wrong. After several fruitless trials to mend it, Ste- 
phenson had the rashness to undertake the job, which he did fully 
— and moreover made some improvements in the engine. Stephen- 
son himself said 16 that he had made some improvements in engine 
work. This, however, is sure — that he had got the trust of the pit- 
owners ; and, having a better hope of livelihood, he gave up the 
thought of settlement abroad, and made Killingwortn his home 
for some time. 

When he was twenty-two years old, he wedded a young woman 
of the neighbourhood ; and in 1803, his son Robert was born ; but 
he had no other child. In the life of another man, the birth of a 
child would not be worth naming ; but with his fatherly fondness, 
the child became the apple of his life, until he grew up to be his 
fellow-workman, to earn a great name, and to hold that standing 
among the mighty of the land which the father would not take. 
All went so happily with George Stephenson, that everything 
seemed to fit him. He was able to give Ms only son that breeding 
and that schooling, which, if he had had many children, would per- 
haps have been beyond his reach — though it is hard to spell what 
never happened. This, however, we may say — that Robert Stephen- 
son owes Ms greatness to the unshared care of Ms father, who shaped 
his mind from earliest years to the full strength of manhood. 
Paintings have been drawn of the fondness felt by a mother in 
watching the growth of an only son ; but there is something 
dearer in the father, like George Stephenson, who, in the son of 
his youth, not only sees, but shares, in the growth of a great and 
manly mind. The mother can but be as a looker-on, and cannot feel 
Ms deeds to the full ; but the father, while watching with the eye 
of a master, takes share and part in the toil. To few men this 
happens ; for, in the common way of things, a man weds late in 
life, and the son comes upon the world only as the father is leaving 
it, and before the strength of manhood has ripened to its full. 

The engineman had now become a stripling engineer, and began 
to look out for a wider field. He seems to have tried his hand on 
most kinds of colliery work. It is said that he laid down some 
- tramways, or wagon-ways as they are named in the north, and 
made some improvements in them. 1 * 

He was now getting a good name among the neighbouring land 
and coal owners, and had got on the high-road to engineering. 
Instead of being pinned to the stake, as a workman by the day or 
week, it was open to him to rise as others had done around him, 
and to make his way as a mining engineer. The colliery school was 
a better one for breeding great engineers than even that of Corn- 
wall ; for it had all that Cornwall had, and more too. The Com- 
ishman could learn the steam-engine, pump-work, and mine sur- 
veying ; he saw enough of sinking, and driving, and draining. 
The Northumbrian, however, while he had all these to learn by. 
having a greater bulk to move, had to look more to the roads and 
ways on which so many thousand chaldrons were borne to the 
ship-side. Hence, in Northumberland, many men had turned their 
skill towards the roads and wagon-ways, to the rails and sleepers, 
and to the works and bridges by which they were borne over the 
rivers and hollows. Both had the same school in the works of the 
millwright and the iron-founder, but the Northumbrian was better 
off ; because, instead of the outaway, small towns of Truro, Red- 
ruth, and Camborne, he had near him Newcastle, on the high road 
from London to Scotland ; and having its booksellers, schools, and 
men of learning. He was much nearer to the world than his 
Cornish brother, truly at the Land's-End. The north, therefore, 
has given us more civil engineers than the west, though the latter 
has its Trevithick and its Woolf. 

By Lord Ravensworth, and others, Stephenson was employed in 
putting up steam-engines, and sloping planes under-ground ; and 
in one pit, two or three engines were made to do the work of 
nearly 100 horses. 1 * 

We have seen that Stephenson had a love of knowledge, by 
what he had learned with Wood ; and we know that he must have 
schooled himself much at this time, from what he soon afterwards 
did. It is true, he was not fond of reading, but he always liked to 
know everything thorougMy ; and he did not leave out anything 
whereby what he undertook could be well done. It was always 
his wish to go to the ground-work, and to build steadily up ; and 
he had a great dislike for those engineers who undertake anything 
carelessly or rasMv. As he himself said, 10 he had too “frequently 
noticed the miscalculations of hundreds of engineers, for want of 
studying the laws of mechanics, and knowing that a pound could 
only weigh a pound." It was on that sound knowledge that his trust 
in himself in after-life was built, and that he was able fearlessly to 

16 Trent Valley Meeting. ir Gaiethead Observer. 

it Derby Reporter. i» Trent Valley Opening. 


stand up before the House of Commons and the people, in Ms great 
struggle for the locomotive against the lights of the day. 

in. THE LOCOMOTIVE. 

Stephenson was now getting beyond Ms thirtieth year, his mind 
strengthened by knowledge, and by the trust that what he might 
do would reap its full reward. His cMld was growing up to boy- 
hood, while his earnings were still so slender that he could do but 
little for his schooling. He had at this time felt bitterly his own 
want of learning, and he made up his mind that he would put his 
son to a good school, and give him good breeding. “ I was, how- 
ever,” said he afterwards at a meeting at Newcastle. 00 “a poor man ; 
and how do you think I did ? — I betook myself to mending my 
neighbours* clocks and watches at night, after my day's work was 
done ; and thus I got the means of bringing up my son.” This he 
might well say with boasting, for it is one of the bright lights in 
his life. 

The great draught of coal on the tramways, and the heavy trains 
which went forth from the pits, had set the minds of many at work 
to use steam instead of horses to draw the loads. The stationary 
engine worked well on the incline, but the steam-horse wag called 
for to run throughout from the pit's-mouth to the ship*s-side. In 
1758 or 1759, Dr. Robison, then a young man, had hinted to Watt 
to put steam to work wheel-carriages. 01 Watt, however, had other 
things on his mind, though he named it in his patents of 1769 
and 1784 ; but as Watt had a dislike for high-pressure steam, that 
may be one cause why he never made a locomotive. 00 

About 1763, John Theophilus Cugnot, a Lorrainer, showed a 
model of a steam-carriage to the Count de Saxe. He afterwards 
went to Paris, and got the help of the Duke de Choiseul. In 1769 
he built an engine at the cost of the king, and it was tried in 1770. 
It moved with such strength, that it knocked down part of a wall 
which stood in its way ; therefore some thought that tne power was 
too strong to be kept within bounds, and not fit for common use. 00 
It is said the engine was given up and put in the Arsenal Museum, 
and is now kept in the Conservatoire des Arts et Mdtiers. It 
would be worth while for any engineer who may be in Paris to 
look after it. 

In 1782 or 1792, Murdoch made a model of a steam-carriage at 
Redruth. This was perhaps the beginning of Trevithick's, who is 
said to have been brought up under Murdoch, and who knew him 
well. 

In 1786, Oliver Evans laid a plan for steam-wagons before the 
commonwealths of Pennsylvania and Maryland, and the latter 
gave him a privilege for fourteen years — yet he was never able to 
get money enough to build a wagon. All that he did was in 
1804 to put wheels on a steam dredging-machine he had made for 
cleansing docks, and which he made to move slowly, though in 
a cumbersome way. 04 

On March 24, 1802, Trevithick and Andrew Vivian took out a 
patent, 86 which among other things was for the use of high-pressure 
steam for carriages, and by which the weight of the engine was 
brought very low. A carriage was made and run in Cornwall, and 
afterwards in London. Another was made in 1804 in South Wales, 
which was worked on the Merthyr Tydvil Railway, and “drew 
after it as many carriages as carried ten tons of bar-iron, from a 
distance of nine miles, which it performed without any supply of 
water to that contained in the boiler at the time of setting out ; 
travelling at the rate of five miles an hour.” 06 The engine had an 
eight-inch cylinder, and the piston a four-feet six-inebes stroke. 07 

These engines fell into dislike, from the one on the Merthyr 
Tydvil railway blowing up, 08 having been made (against Trevithick's 
orders) without a safety-valve, ana likewise from the wrong belief 
wMch got about that the wheels had no bite on the rails, and could 
not work up a slope. 00 

One of Trevithick's engines was sent, singularly enough, to 
George Stephenson's birth-place, to Mr. Blackett, of Wylam ; and 
thus it came witMn his sight. This happened most strangely, and 
most luckily, for the mind of Stephenson was now brought to bear 
on the great work of his life. The finding of TrevitMck's model 
by Uvifld was strange, and most fruitful in the deeds it brought 
about ; but perhaps we owe more to the Wylam engine. On some 
ground or other, the engine does not seem to have been put to 
work on the tramway, but was used to blow a cupola in an iron- 
foundry at Newcastle. 81 TMs engine had one cylinder only, and a 

so Newcastle and Darlington Opening. s& Roblaon’a Mechanical Philosophy. 

ss Penny Cyclopedia.— Art. “ Steam-CarHage.” sa Stuart’s “ 8 team -Engine.’* 

s4 Mechanica* Magazine. No. 372. 8 a Repertory of Arts, 2nd eer., eol. It., p. 241. 

so Wood on Railroads, lat edition, p. 127. sr Stuart’s Steam. Bngtoe, p. 460. 

sa Railway Register, toL t. a» Lardner on the Steam-Engine, 1840. p. 836. 

to Stnart’a Anecdotes of the Steam-Engine.— Clril Engineer’s Journal, ** Lift of 
Trevithick.”— Railway Register, vol. v. 

• * Wood on Railroads, 1st, 2nd, and 3rd edition,— 2nd edition, p. 129. 
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fly-wheel to secure a rotatory motion in the crank at the end of 
each stroke. If Mr. Blackett did not however work this engine, 
he had another of the same kind made and set upon his tramway 
at Wylam ; and in 1813 it worked by the adhesion of its wheels on 
the rails, thus upsetting the belief that the engine could not so 
work. 

On the 30th December, 1812, William and Edward Chapman 
took out a patent for an engine, with additional wheels to work 
upon a chain stretched along the middle of the railway the whole 
length. This engine was tried on the Heaton tramway, near New- 
castle, but given up. 

On the 22nd May, 1813, William Brunton, of Butterley, took out 
a patent for a locomotive with legs. This was tried and worked. 
In 1811, Mr. Blenkinsop had hit upon the plan of having a cog- 
wheel and cog-rail to overcome the adhesion. 

At this time, Mr. Blackett was fully at work experimenting on 
the Wylam railway with an Hi-made engine of Trevithick's, which 
was found to be very troublesome, as the irregular action of the 
single cylinder made jerks in the machinery, so as to shake it in 

E ieces. Still, the whole of the coals were taken down the tramway 
y this kind of engine. 31 

By this time George Stephenson was likewise at work; and Lord 
Ravensworth and the Killingworth owners had such trust in him, 
that they gave him the money to make an engine in the opening 
of 1814, and on the 25th or 27th July, 181 4, 33 it was tried on the 
tramway. As Stephenson said Lord Ravensworth and his partners 
were the first to intrust him with money to make a locomotive 
engine, “ We called it My Lord . I said to my friends, there is no 
bound to the speed of such an engine, if the works can be made to 
stand it.” 34 

The engine had two cylinders, each eight inches diameter and 
two feet stroke ; the boiler was cylindrical, eight feet long and 
thirty-four inches diameter ; the tube twenty inches diameter, 
passing through the boiler. The cylinders worked two pairs of 
wheels by cranks placed at right angles, so that when the one was 
in full operation, the other was at its dead points, — by which means 
the propelling power was always in action. The cranks were held 
in this position by an endless chain, which passed round two cogged 
wheels placed under the engine, and which were fixed on the same 
axles on which the wheels were placed. The wheels in this case 
were fixed on the axles and turned with them.* 5 

The trial was made on a piece of road laid with the edge-rail, ris- 
ing about one in four hundred and forty, and was found to drag after 
it, besides its own weight, eight laden wagons, weighing altogether 
about thirty tons, at the rate of four miles; and after that time it 
kept steadily at work. The application of the two cylinders made 
the working of the engine regular, and secured the steady progres- 
sive motion which was wanted in the Wylam engine, there being 
only the single cylinder and fly-wheel.* 6 

It was not till the next year that Stephenson took out a patent 
for his locomotive, and here we find the Dad working of the patent 
laws as bearing upon our poor workmen. Had it not been that 
his first engine was not perfect, he could have had no patent, and 
would have reaped no fruit from his days and nights oi toil, as he 
could not raise the money to pay the heavy fees which are drawn 
from the patentee. Even for his first trial he wanted money, and 
for which he was beholden to the kindly feeling of Lord Ravens- 
worth : much happier than Oliver Evans, who fruitlessly sought in 
America and England for the means wherewith to start his steam- 
wagon. 

Here we may rest for a time, and think a little as to what led 
Stephenson on in the world. No man could be worse off for money 
or means : he had no powerful kinsmen, no wealth left him by a 
father ; his earnings were barely enough for the wants of himself 
and his son ; his standing was lowly ; he had no rich schoolfellows 
or friends who had known him from childhood. Within twenty 
years from this time he had, however, got together houses and land, 
and at his death left behind him wealth which he never durst have 
hoped for. Brindley was not so happy in the end, neither was 
Trevithick, nor Dodd. Watt began in a small shop — but he be- 
longed to the middle classes, and had not the hard task of working 
himself up from the lowest depths of life. If, however, he gathered 
riches, he owed it to the fostering care of Boulton, without whom 
he would have spent his income in undertakings which had not 
within them the seeds of wealth, whatever else could be said for 
them. He would have made the finest machinery for copying 

*a Wood on Railioadi, 2nd edition, p. 154. 

a a Wood on Railroads. 2nd edition, pages 184 and 136, whers different dates are given. 
In the report of Stephenson's speech at Newcastle in 1*44. be la made to aaj that the 
date was 32 year* before, which would be iu 1812. This la a mistake. 

3 4 Speech at the Newcastle and Darlington Opening, 
a a Lardner on the St«am> Engine, p. 340. 

• a Wood on Railroads, 2ud edition, p. 136. 


statuary ; he would have tried to the utmost cures for illnesses of 
the lump by breathing gases, — but he would have died worth not 
one halfpenny. 

Fulton wandered through the Old World and the New, begging 
kings and commonwealths to give him the means of building steam- 
ships. We have seen that tne utmost luck of Oliver Evans with 
his steam-wagon was to get rights which were of no use to him, 
and to turn the wheels of a ballast-engine. Dodd, after planning 
two of the greatest bridges on the Thames, and spending thousands 
in bringing steamboats into use, died unhappily. 

Trevithick, after trying one thing after another, and finding 
friend after friend to help him, did, two years after Stephen- 
son 8 beginning at Killingworth, leave England for the West 
Indies ; whence he did not come back, and that penniless, until 
Stephenson had laid down the Stockton and Darlington Railway. 
Trevithick was taken up by Mr. Blackett, a bold and daring man, 
and sent a locomotive to Wylam, which, like most things in 
which he had a hand, was so wretchedly made that it was put to 
other uses. Mr. Blackett made another, and Stephenson had it as 
a model to shape something better. Trevithick began better than 
Stephenson : he had friends in Cornwall and in London ; and he 
ought not to have left to Stephenson to work out the locomotive 
engine and the railway. Trevithick was always unhappy and 
always unlucky ; always beginning something new, and never ending 
what he had in hand. The world ever went wrong with him, as he 
said, — but in truth, he always went wrong with the world. The world 
had done enough for him, had he known or had he chosen to make a 
right use of any one thing. He found a partner for his high-pressure 
engine, — he built alocomotive, — he had ordersfor others for Merthyr 
Tydvil and for Wylam, — he set his ballast-engine to work, — and he 
drove his tunnel under the Thames for a thousand feet; — but no one 
thing did well : all were afraid, and at length no one would have 
anything to do with him. It was not that his mind was more 
fruitful than that of Stephenson, who in this short time had made 
improvements in pit- work and railways, built a locomotive, and 
found out the safety-lamp, and who throughout his life was ever 
working out something new. What it was, was this — Stephenson 
never lost a friend, and Trevithick never kept one. To the day of 
his death, Stephenson had among his friends those who had given 
him a helping hand in early life; and from year to year he went on 
strengthening the bonds of friendship with them and their sons, 
and tne younger men who grew up around him. The Ravensworths, 
the Peases, the Brandreths, Matthew Bell, the Meynells, and 
others of his earlier friends, will be found with him throughout, 
standing by him as directors in his great railway undertakings, as 
they had befriended him in his small beginnings. This was a 
great strength to him, and though poor he had a mine of wealth in 
the purses of his friends. A manly and upright Englishman, open 
in speech, steady, straight-forwara, and hard-working, he earned 
their friendship and never lost their trust ; and if to others be was 
known as a great engineer, to them he was better known as an 
upright man. This made the poor working-man the rich manu- 
facturer and great mine-owner. This gave him the means of doing 
what Trevithick and Evans could only talk of. 

(To be continued.) 


WROUGHT-I RON BOWSTRING GIRDERS FOR BRIDGES. 



Some experiments have been lately made at the establishment of 
Messrs. Fox, Henderson, and Co., at Smethwick, near Birming- 
ham, on a wrought-iron Bowstring Tubular Girder Bridge, of a 
similar construction to the one designed by Mr. Harrison, and 
given in our Journal in January last. 

The experiments were made on a wrought-iron rib or girder, 
120 feet clear span, in the presence of the Government Inspectors 
of Railways, and Government Board of Commissioners for inquiring* 
into the Strength of Iron. The girder is constructed entirely of 
wrought-iron, and consist* of an arch of boiler-plates and angle- 
iron, tied across at the ends by horizontal bars ; and the tie-bars 
are connected with the arch by vertical standards, and by a double 
system of diagonals, which have the effect of distributing over the 
whole curve of the arch the action of weights placed on, or pass- 
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ing over, any point of the bridge. The proof was applied by 
loading the bridge* rib with 240 tons of rails, bars, &c. ; and it 
produced the following satisfactory results, as the weight was 
applied : — 

Weight In tone of rails, kc. t Extreme amount of deflection 

placed oo the cross- girders. produced at centre of arch 

841 tons .. 0 1 - 16th Inches. 

0 5-0ths 


I02j M 
1«7 „ 

171 $ „ 

2 OH n 

240 


1 5-16th« ft 

2 18th M 

2 8 4ths t, 

3 5-16ths n 
3 U-idtha 


The proof weight was fixed at 240 tons, as being double the 

— ...a i„j _l?.l — — i :v:1:4 » be ever re- 


in order to give this trunk 


greatest load which the bridge^ can by anj m 
quired to bear. A heavy goods' train weighs less than half a ton 
per foot lineal ; a train, consisting entirely of locomotive engines 
(which would be heaviest of all possible trains) would only weigh 
one ton per foot lineal, and, consequently, would place a load of not 
more than 120 tons on a bridge of 1 20 feet span. The new bowstring 
bridge has, therefore, been proved to twice the weight which ever can 
be placed upon it, and to four times the weight which it is ever 
likely to have to bear. It is scarcely necessary to add, that the 
trial gave great satisfaction to all parties. These ribs are adapted 
for large spans, in cases where either headway is of importance, or 
where sufficient abutment cannot be obtained without very heavy 
expense. Bridges constructed of these ribs may be employed 
with perfect safety for very large spans, in precisely the same 
manner as ordinary girders are used for small ones. The strength 
of the bridge depends upon the rib or arch, and on the tie-bars 
by which the extremities are held together. The vertical standards 
are introduced, partly to suspend the load from the arch, and 
partly to obtain longitudinal and transverse firmness ; they also 
support the tie-bars. The diagonals are employed for the purpose 
of preventing undue deflection in the rib, when the bridge is un- 
equally loaded. The rib itself is constructed of boiler-plates and 
angle-iron, rivetted up in the form of a square hollow trunk ; it is 
strongly tied together, so that the full section of the plates and 
angle-iron may be depended upon to resist the crushing strain. 


aditional lateral stiffness, the side- 
plates, which form the top, overhang, and are strengthened on the 
edges by angle-iron, &c. The tie-bars measure M)out 8 inches, 

a l incn each, and are introduced in sufficient number to take 
e whole strain. The ribs are supported at each end on cast-iron 
shoes, fixed at one end to the piers, and mounted at the other on 
sliding-frames and rollers. This arrangement provides, not only 
for expansion and contraction, but also for motion under a very 
heavy load. The action of these parts under proof has been found 
to be perfects Cross-girders, constructed entirely of wrought- 
iron, are suspended between the ribs. 

Besides tne above experiments on the Blackwall Extension 
bridge, the two ribs for a bridge, 130 feet span, have been proved 
with a weight of 260 tons — that is, 2 tons per foot lineal each, 
put on in dead weight, by suspending cast-iron cross-girders un- 
derneath the points where the wrought-iron girders are intended 
to be attached, and by placing thereon 260 tons of rails, pigs, bars, 
&c. In proving, the load was first put on two points at one end, 
then on the next two points, and so on, in order to produce as 
nearly as possible the same effect as the passage of a heavily- 
loaded train. In the case of one rib, the load was allowed to 
remain several days, and then removed. After the lapse of a few 
days, the same load was replaced, and again allowed to remain 
acme days. The results were satisfactory. 

During the process of proving, observations were taken with a 
level, placed at a distance ; and the sinking of the bearing-plates 
in the ground was observed and noted. The bridges being now 
constructed, are intended to carry a double line of rails ; and the 
test applied is, therefore, equal to 2 tons to each foot lineal of 
single line of way. This test was fixed upon in the belief that 
the greatest possible load which can in working be placed upon 
each line of rails is about 1 ton per foot lineal ; and that, to pro- 
vide for the additional strain caused by the rapid motion. &c., of 
the practical load of trains passing, the proof weight ought to be 
fixed at double the greatest possible load. In very large spans, 
(say 400 feet, and upwards), it would be necessary, on many ac- 
counts, to use four nbs, instead of two, and to brace all the four 
ribs together overhead, so as to obtain additional transverse stiff- 
ness. 

We understand that several girder-bridges of the above con- 
struction are to be erected on the Blackwall Extension Railway, 
under the superintendence of Joseph Locke, Esq. 


DRAINING MARSHES BY STEAM. 

The following paper, a On the application of Steam-power to the 
Drainage of Marshes and Fen Lands / was read at the recent meet- 
ing of the British Association, by Mr. Glyn. 

The number of districts in which I have successfully applied 
the steam-engine to drainage is fifteen, and the quantity of land 
so drained amounts to more than 125,000 acres ; the engines em- 
ployed being 17 in number, and their aggregate power 870 horses, 
the size of the engines varying from 20 to 80 horse* power. I was 
also engaged in draining the Hammerbruk District, close by the 
city of Hamburg; and in another district near to Rotterdam, an 
engine and machinery with the requisite buildings were erected 
from my plans by the Chevalier Conrad. In many of the swampy 
levels of Lincolnshire and Cambridgeshire much had been done to 
carry off the water by natural means ; and many large cuts had 
been made and embankments formed — especially in tne Bedford- 
level, which alone contains about 300,000 acres of fen land ; and 
the great level of the Fens contains about 180,000 acres, now rich 
in corn and cattle. The Dutch engineers who had been engaged 
in these works had erected a number of windmills to throw off the 
water when the sluices could not carry it away. By the aid of 
these machines the land was so far reclaimed as to be brought into 
pasture and cultivation, producing occasional crops of wheat. The 
waters from the uplands and higher levels were intercepted by 
catch-water drains, which carried away as far as might be practi- 
cable the highland waters, and prevented them from running down 
upon the fen ; but as it often happened, when there was most rain 
there was least wind, and the wina-engines were useless when their 
help was most needed, and the crops were lost. 

In this state was the fen country when the steam-engine was 
introduced; and by its aid the farmer may venture to sow wheat 
upon these rich levels with as much confidence and even more than 
upon higher ground ; for not only can he throw off at pleasure the 
superfluous water, but in dry weather a supply can oe admitted 
from the rivers — so that farming in such cases is rendered less 
precarious than in situations originally more favoured by nature. 
It is, however, to be remarked that the quantity of rain which falls 
in these levels on the eastern side of England being much below 
the general average of the kingdom, the power required to throw 
off the superfluous water is small compared with the breadth of 
land to be drained ; the proportion seldom being greater than 10- 
horse power to 1,000 acres, and in some cases considerably less. 

The general plan is to carry away the water coming off the 
higher grounds, and as far as may be practicable prevent it from 
running down into the marsh by means of the catch-water drains 
before-mentioned, leaving the rain water alone to be dealt with by 
mechanical power. As the quantity of rain falling in the great 
level of the Fens seldom exceeds twenty-six inches, and about two- 
thirds of this quantity is carried off by evaporation and absorption, 
or the growth of plants, it is only in extreme cases that two inches 
in deptn require to be thrown off by the engines in any one month 
— which amounts to 1^ cubic foot upon every square yard of land, 
or 7,260 cubic feet to the acre. Tne standard and accepted mea- 
sure of a horse's power is 33,000 lb. raised one foot in a minute, or 
3,300 lb. raised ten feet in the same time ; and as a cubic foot of 
water weighs 62^ lb. and a gallon of water 10 lb., so a horse's power 
will raise and discharge at a height of ten feet 330 gallons, or 52*8 
cubic feet of water in a minute. Consequently this assumed excess 
of 7,260 cubic feet of water fallen upon an acre of land will be 
raised and discharged at an elevation of 10 feet in about two hours 
and ten minutes. 

If the quantity of land be 1,000 acres of fen or marsh, with the 
upland waters ail banked out, the excess of rain, according to the 
above estimate, will amount to 7,620,000 cubic feet. A steam-engine 
of 10-horse power will throw off this water in 232 hours, or in less 
than 20 days, working 12 hours a day ; and 1 have found this cal- 
culation fully supported in practice. 

Although the rain due to any given month may fall in a few 
days, yet m such a case the ground will absorb a good deal of it, 
and the drains must be made of a capacity large enough to receive 
and contain the rain as it falls ; — besides, in cases of necessity, the 
engine may be made to work 20 hours a day instead of 12, until 
the danger is past. I have generally caused the main drains to be 
cut 7^ feet deep, and of width sufficient to give them the required 
capacity to receive the rain water as it falls and bring it down to 
the engine. In some instances — where the districts are extensive 
and their length great — it has been found requisite to make them 
somewhat deeper. 

In all cases where I have found it necessary to use steam-power, 
I have applied scoop-wheels to raise the water. These scoop- 
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wheels somewhat resemble the undershot-wheel of a water-mill ; 
but instead of being turned by the impulse of the water, they are 
used to lift it, and are kept in motion by steam-power. The float- 
boards or ladle-boards oi the wheels are made of wood, and fitted 
to work in a trough or track of masonry ; and they are generally 
made 5 feet in length — that is to say, they are immersed 5 feet in 
the water — and their width or horizontal dimension varies, with the 
power of the engine and the head of water to be overcome, from 20 
inches to 6 fee t. The wheel-track at the lower end communicates 
with the main drain, and the higher end with the river, the water 
in the river being kept out by a pair of pointing doors, like the 
lock gates of a canal, which close when the engine ceases to work. 
The wheels themselves are made of cast-iron, formed in parts, for 
convenience of transport. The float-boats are connected with the 
cast-iron part of the wheel by means of oak starts, which are 
stepped into sockets cast in the circumference of the wheel to 
receive them. There are cast-iron toothed segments fitted to the 
wheel, into which works a pinion upon the crank-shaft of the 
engine. 

When the head of water in the river or delivering drain does 
not vary much, it is sufficient to have one speed for the wheel ; 
but when the tide rises in the river, it is desirable to have two 
speeds or powers of wheel-work — the one to be used at low-water, 
and the other more powerful combination to act against the rising 
tide. But, in most cases, it is not requisite to raise the water more 
than three or four feet higher than the surface of the land intended 
to be drained — and even that is only necessary when the rivers are 
full between their banks, from a continuance of wet weather or 
from upland floods. In some instances, the height of the water in 
the river being affected by the tide, the drainage by natural out- 
fall can take place only during the ebb ; and here, in case of long- 
continuing rains, the natural drainage requires the assistance of 
mechanical power. 

I have stated that the main drains have generally been made 7^ 
feet deep, or more in larger districts — so that the water may never 
rise higner than within 18 inches or 2 feet of the surface of the 
ground, and the ladle or float-board dip 5 feet below the water, 
leaving a foot below the dip of the wheel, so that the water may 
run freely to it, and to allow for the casual obstruction of weeds in 
the main drain— which if it be sufficiently capacious and well- 
formed, will bring down the water to the engine with a descent of 
3 inches in a mile. Suppose, then, that the wheel dip 5 feet below 
the surface of the water in the main drain, and that the water in 
the river into which this water must be raised and discharged has 
its level 5 feet above that in the drain, the wheel in such case will 
be said to have 10 feet head and dip, and ought to be made 28 or 
30 feet in diameter. I have found it practicable to throw out the 
water against a head of 10 feet, with a dip of 5 feet, — that is to 
say, 15 feet head and dip with a wheel 35 feet in diameter ; but in 
another engine more recently erected I have made the wheel 40 
feet in diameter. The engine that drives that wheel is of 80-horse 
power, and is situated on the ten-mile bank near Littleport, in the 
Isle of Ely. 

The largest quantity of water delivered by one engine is from 
Deeping Fen, near Spalding. This fen contains 25,000 acres, and 
is drained by two steam-engines— one of 80 and one of 60-horse 
power. The 80-horse engine has a wheel of 28 feet in diameter, 
with float-boards or ladles measuring 5^ by 5 feet, and moving with 
a mean velocity of 6 feet per second. So that the section of the 
stream, when the engine has its full dip, is 27^ feet, and the quan- 
tity discharged per second is 165 cubic feet — equal to more than 
tons of water in a second, or about 16,200 tons of water 
in an hour. It was in the year 1825 that these two engines 
were erected, and at that time the district was kept in a half- 
cultivated state by the help of 44 windmills — the land at 
times being wholly under water. It now grows excellent wheat- 
producing from 4 to 6 quarters to the acre. In many districts land 
lias been purchased at from 10/. to 20/. an acre by persons who 
foresaw the consequences of these improvements, ana which they 
could now sell at from 50/. to 70/. an acre. This increase in value 
has arisen not only from the land being cleared from the injurious 
effects of the water upon it, but from the improved system of cul- 
tivation which it has enabled the farmers to adopt. 

The fen lands in Cambridgeshire and in part of the neighbour- 
ing counties are formed of a rich black earth, consisting of decom- 
posed vegetable matter, generally from 6 to 10 feet thick, although 
in some places much thicker, resting upon a bed of blue gault, 
containing clay, lime, and sand. When steam-drainage was first 
introduced, it was the practice to pare the land and burn it ; then 
to bow rape-seed, and to feed sheep upon the green crop ; after 
which wheat was sown. The wheat grown upon this land had a 


long weak straw, easily bent and broken, carrying ears of corn of 
small size, and having but a weak and uncertain hold by its root in 
the black soil. Latterly, however, chemistry having thrown 
greater light upon the operations of agriculture, it has been the 
practice to sink pits, at regular distances, through the black earth, 
and to bring up the blue gault, which is spread upon the surface 
as a manure. The straw— by tins means taking up an 1 additional 
quantity of silex — becomes firm, strong, and not so tall as formerly, 
carrying larger and heavier corn ; and the mixture of clay gives 
a better hold to the roots, rendering the crops less liable to be laid 
by the wind and rain ; whilst the produce is most luxuriant and 
abundant. 


REGISTER OF NEW PATENTS* 


THE STEAM HAMMER. 

James Nasmyth, and Holbrook Gabkell, of Manchester, en- 
gineers, for “ certain improvements in machinery or apparatus fir 
forging , stamping , and cutting iron and other substances . — Granted 
February 23 ; Enrolled August 23, 1848. 

This patent is for improvements in the steam-hammer, for 
which invention patents were granted to the same parties in 1842, 
1843, and 1844. The principal object of these improvements is to 
regulate the action of the hammer with greater facility, by work- 
ing the lifting-cylinder by means of an additional small steam- 
cylinder. The general arrangement of the primary parts remain 
very similar to the hammers now in general use. As is well- 
understood, the hammer is lifted by admitting the steam below the 
piston in the cylinder, and, by allowing the steam to escape, the 
hammer, by its own gravity, falls and gives the required blow. In 
the present invention, the force of the blow is regulated more 
conveniently than before. For this purpose, there is a small 
steam-cylinder for working the main slide-valve. This cylinder 
is fitted with a piston, connected by means of a rod to the main 
slide, to which tne steam is admitted from the boiler. The small 
cylinder is furnished with three steam-passages similar to ordinary 
high-pressure engines, admitting steam alternately above and 
below the piston, and regulated by the slide-valve. This valve is 
connected by a rod to the piston of another cylinder, which is 
subject to the pressure of the steam from the main cylinder on the 
under-side, and is depressed by steam entering from a tube com- 
municating with the valve-jackets of the slides. Steam having 
been admitted to the working- cylinder, the piston is elevated, and 
to regulate the height of the fall, a cock or valve is ppened, com- 
municating with an opening in the cylinder. This permits a rush 
of steam to flow into a pipe, which conveys it thence below the 
piston, raising it by the pressure of the steam on the under surface. 
The effect of this movement is to produce the requisite change in 
the position of the valve, so as to suffer the steam which entered 
the small cylinder above the piston, to escape into the atmosphere ; 
and by the entrance of steam below the piston, it elevates the 
valve, so as to cover the steam- passage to the cylinder and the 
eduction-port, thereby suffering the steam to escape from the main 
cylinder ; consequently the hammer, by its own gravity, will fall 
from the height to which it has been raised. There are three 
passages, each furnished with a valve or stop-cock, the levers of 
which are connected by rods to hand-levers, by which they may be 
opened or shut at pleasure ; therefore, if the hammer is not re- 
quired to fall from a height greater tnan the first opening, the 
valve connected therewith must be closed and the one above it 
opened, when the Bame action will be produced whenever the 
piston is elevated above such opening by the escape of steam. 
Two other methods of regulating the action of the hammer are 
shown in the specification, but the one we have noticed is sufficient 
to show the nature of the invention. 

The patentees claim : — First, the application and use of an 
additional slide-valve, piston, and cylinders, or any of these parts 
separately, for the purpose of working the piston of the larger 
cylinder, and thereby actuating the main slide, so as to produce 
the alternate admission and escape of steam to and from tne main 
cylinder. — Secondly, the employment of apertures in the main 
cylinder, for the purpose of working the piston and main slide, 
thereby effecting the motion of the hammer and regulating the 
various heights to which is raised. — Thirdly, the use of a vessel, 
with its plug or cock, so as to regulate the interval of time re*- 
quired for the falling of the hammer from the various heights to 
which it is elevated. — Fourthly, the application of a valve, placed 
in the eduction-port of the main cylinder, for actuating the valve. 
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bo as to effect the required change of the piston, and with it the 
main slide-valve, thereby actuating the hammer, and also for the 
purpose of obtaining the lapse of the required interval of time 
for the fall of the hammer. — Fifthly, the application of a latch- 
lever motion to the moving of the small slide-valve in one direc- 
tion. — Sixthly, the combination of the latch lever-motion with the 
arm, and other parts connected therewith, by which motion is also 
transmitted to the valve, in the reverse direction, instead of em- 
ploying the small cylinder for that purpose. — Seventhly, the ap- 
plication of the screw, and parts connected therewith, for the 
purpose of regulating tne height to which the hammer is elevated. 
— And, lastly, they claim the moving of the main slide-valve, 
direct from the piston, and also without the intervention of the 
main slide. 


DECORATIVE ARTS. 

Miss Elizabeth Wallace, of Laurel-lodge, Cheltenham, spins- 
ter, for u Improvements in facing , figuring , designating , decorating , 
planning , and otherwise fitting up houses and buildings, parts of which 
are applicable to articles of furniture .” — Granted February 28; 
Enrolled August 28, 1848. 

The improvements in the decorative arts patented by Miss 
Wallace are divided in the specification into ten kinds, though 
the distinguishing feature in the invention is the production of 
the effects of marble, malachite, &c., by casting tablets of plaster 
of Paris on to glass, the glass or plaster being coloured or deco- 
rated to give the required effect. These tablets are intended to 
be applied both externally and internally, the internal decorations 
being of course more ornamental than the tablets used to imitate 
marble, &c., on the exteriors, and they are to be fixed to the walls 
by cement and long copper nails. Among other parts of the inven- 
tion is a mode of producing the appearance of gold without employ- 
ing any metal, and it is thus described : — “ To make a flat tablet of 
this description, I take a plate of figured yellow glass (the nearer 
the colour of gold the better ) ; to the back of this I attach a plate 
of plain yellow glass silverea ; and I unite the two plates of glass 
by cementing them at the edges with gutta percha, or any other 
suitable cement. The result of the combination is, that the 
figured parts of the upper glass exhibit the appearance of 
deadenea or frosted gold, with a groundwork of burnished gold, 
or vice versd. Sometimes I substitute for the front plate of figured 
yellow glass, a plate of white glass, figured or ground (the whole 
of it, or parts only) ; and sometimes I also dispense with the 
second sheet of glass altogether, and apply the silvering at once 
to the back of the figured or ground front plate." 

In another part of the* specification is described the following 
process for giving additional brilliancy to painted glass: — “As 
regards stained, or painted, or other figured glass — I take a sheet 
of plain white glass, give it a coating of gum, then sprinkle over 
it a quantity of what are known in the glass trade by the name of 
‘frostings,* which are readily laid hold of by the gum; and the glass 
thus prepared I attach to the stained, or painted, or other figured 
glass on the inBide, or that side which is next to the interior of the 
house or building, by means of gutta percha solution, or some other 
suitable cement, applied to the edges. The frostings have on the 
inside the effect oi giving a beautiful lustre to ml the lighter 
parts of the design on the stained, or painted, or other figured 
glass, without impairing in the least the strength of tone of the 
darker or coloured portions ; while they impart to the glass, when 
viewed from the outside, much the same effect as if a flood of 
light were streaming through from within." 

in all the other Afferent modes proposed for decorating houses 
by the patentee, the plan of giving a glass surface is adopted so as 
to produce the effect of a most brilliant polish, and at the same 
time to serve as a protection against damp and atmospheric cor- 
rosion. 


ECONOMY OF FUEL IN STEAM-FURNACES. 

Felix Douche, of Rouen, France, merchant, for “ certain means , 
processes , and apparatus used for saving and applying the lost heat in 
general, and sometimes direct heat, to many useful purposes” (A com- 
munication.) — Granted February 10 ; Enrolled August 10, 1848. 

This invention relates, first, to an improvement in the feeding ap- 
paratus for supplying tne feed-water to steam-boilers, and is con- 
structed as follows. A number of tubes or pipes are placed in a ver- 
tical position within a cylindrical vessel, the ends of the tubes being 
secured to two chambers, one at each of the ends of the tubes, the 


interior of the tubes forming a communication between the cham- 
bers, which have no communication with the exterior of the tubes; 
there are two communicating pipes from the cylindrical vessel, 
one at the top and the other at the bottom ; there are also pipes 
of communication from the two chambers. The upper pipe of 
the cylindrical vessel communicates with the boiler, and the lower 
with the feed-pump ; thus the supply of feed-water will pass 
through the cylindrical vessel amongst the tubes, and take 
up the heat given off by the waste steam, which is passed 
through the tubes and chambers for that purpose. The second 
improvement consists of a slight modification of the above, for 
the purpose of heating air by passing steam or fire through the 
tubes, the air being in contact with the exterior of the tubes; 
the patentee gives this apparatus the name of serifor or caloridor. 
The third improvement relates to a stretching apparatus for 
stretching the tissues or fabrics as manufactured by machinery. 
The fourth improvement consists in allowing the waste steam to 
flow through a pipe into a large square receiver, where it is con- 
densed. The firth improvement consists in the application to 
external surfaces, for the purpose of retaining the heat therein, of 
envelopes or wrappers. 


TURN-TABLES. 

William Thobold, of Norwich, engineer, for “ Improvements in 
turn-tables ." — Granted January 13 ; Enrolled July 13, 1848. 

This specification is very voluminous, as the patentee claims 
eleven different improvements in the construction of turn-tables. 
The first relates to an improved centre-pin, which improvement 
consists in forming on it a projecting flange or collar, the upper sur- 
face of which is an incline or snail piece on which the centre of the 
table rests. The upper part of the pin has a ratchet-wheel attached, 
which is level with the surface of the table, and fitted with a click 
or pall attached to the table, which prevents it turning round 
without the table, while, at the same time, the ratchet and pin may 
be turned round by inserting a spanner in two holes in the upper 
side of the ratchet, the incline plane at the lower end raising the 
table when such elevation is required. Secondly, the patentee 
claims a mode of constructing the centre squares of the top frame, 
having the rails laid thereon, and independent of the other part 
of the frame-work. Thirdly, different modes of constructing and 
arranging the working rollers that form the support of the circum- 
ference of the turn-tables. Fourthly, a method of diverting the dust, 
rain, and all extraneous matters, and also for clearing away such 
extraneous matters from the circumference. Fifthly, a mode of 
constructing turn-tables without centre-pins, and, consequently, 
without the usual parts connected with centre-pins and other 
bearings. For this purpose he employs beams or girders of a 
stronger description than usual, for supporting the rails and plat- 
forms of tables of a corresponding size. These girders being 
attached at each end to the upper bearing-surface of the circum- 
ference, which is supported on rollers as usual from the under 
surface. The axes of these rollers instead of being attached to a 
separate frame revolving round the centre-pin, have their axes 
placed between two concentric belts or rings, which maintain the 
position of the rollers in a circle equal to the diameter of the bearing- 
surfaces. The under bearing-surface has its inner circumferenoe 
rendered truly circular, and forms a surface on which horizontal 
guides or friction-rollers travel. These rollers are supported from 
axes pendent from the under-side of the table, and consequently 
maintain the position of the table concentric with the bearing-sur- 
faces. The sixth improvement consists in a mode of constructing 
the top frame in several divisions or compartments, and of various 
kinds of material. The seventh claim is for the exclusive privilege 
of casting the bearings and all working parts of turn-tables on 
chills, the same never having been heretofore practised. Eighthly, 
the method of constructing single-line tables in such a manner as 
to render them more economical than such tables have hitherto 
been. Ninthly, the constructing larger kinds of turn-tables, with 
moveable joints in the beams or girders which support the rails ; 
also for the more perfect mode of stopping such tables at the proper 
point for effecting a junction with the line of rails. Tenthly, a 
method of constructing the larger kinds of turn-tables, so that the 
power of a locomotive can be applied to the turning of such table 
when it is loaded with the engine and its tender, and when they 
require reversing on the line of rails. Lastly, the patentee claims 
a method of raising and locking the centre of turn-tables, when 
they require to be turned. 
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STEAM-BOILERS. 

Horatio Black, of Nottingham, lace-maker, for u improvements 
in evaporation ” — Granted February 14; Enrolled August 14, 1848. 

This invention relates to a mode of supplying water to steam 
and other boilers, by passing it through a succession of hollow 
fire-bars, of wrought-iron, brass, copper, or malleable cast-iron, 
previous to entering the boiler. 
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The annexed engraving is a plan of a set of fire-bars, a is the 
supply-pipe, through which the water is forced into the tubular 
fire-bars, bb : the water first enters the middle bars b x b x % and, after 
circulating through the whole series of bars, passes, in a highly- 
heated state, through the pipes c c, into the boiler. It is not essen- 
tial that the water should be divided into two streams, as the whole 
supply may enter into one bar, and circulate through the series of 
bars in the same direction ; or more than two divisions of bars 
may be used in large furnaces, d is a cock on the supply-pipe, to 
regulate the quantity of water admitted, e is a pipe, furnished 
with a cock f which is to be opened when the supply of water to 
the boiler is not going on ; as otherwise the heat of the fire would 
tend to force the water out of the tubular bars ; but by the cock f 
being opened sufficiently to permit the escape of a small quantity 
of water, such a circulation will be kept up as will prevent the 
water being driven out of the bars b 6, when the supply of water to 
the boiler is stopped. 

The above arrangement is suitable either for high or low pres- 
sure boilers ; but, generally, for low-pressure, a rising pipe is at- 
tached, with a small cistern at the upper part, to the supply-pipe 
o, near the force-pump ; and a valve is placed over the opening 
through which the water enters the cistern ; — 44 the valve prevent- 
ing the water from flowing from the cistern to the boiler, by the 
valve being weighted, causes a pressure sufficient to force the 
water into the pipe a, and thence through the hollow bars b 6, into 
the boiler ; the quantity admitted to the boiler being regulated by 
the cock on the pipe a,” By means of this arrangement, the 
water, forced into the pipe a, will flow into the boiler so long as it 
is required ; but any excess will pass up the rising-pipe into the 
cistern, which is provided with an overnow-pipe : the boiler will 
thus work, at all times, subject to the pressure of the column of 
water in the rising-pipe and cistern. It should be stated that there 
is a valve in the pipe a, between the rising-pipe and the force- 
pump ; which valVe opens towards the boiler, and permits the 
water to flow in that direction, but closes against any flow of water 
from the boiler. 


REVERBERATORY FURNACES. 

James Timmins Chance, and Edward Chance, of Birmingham^ 
for 44 Improvements in furnaces , and in the manufacture of glass . 
Granted February 14 ; Enrolled August 14, 1848. 

This invention, as the title imports, relates to improvements in 
two distinct departments of the manufactures. The first, which 
refers to reverberatory furnaces, has for its object the greater 
economy of fuel, by re-conducting the heated gases to the furnace. 
In the usual construction of such furnaces, the heat from the fire, 
after striking against the arch above the furnace, and being re- 
verberated downwards, passes off to the chimney. The patentees, 
instead of thus passing the heat direct into the chimney, render it 


further available to heating the furnace by returning the flue 
and carrying it back over the reverberating arch, and then down- 
wards and to the chimney, whereby the heat in passing through 
the return-flue is reverberated downwards upon the top of the re- 
verberating arch of the furnace itself, and thus assists in heating 
that portion of the furnace. The second part of the invention 
consists in a mode of passing sheets of glass into annulling fur- 
naces or kilns. By the ordinary method the glass to be annealed 
is pushed into the kiln, and before this can be done the glass must 
lose a great portion of its heat, to enable it to possess sufficient 
firmness and solidity to bear the pushing strain to which it is sub- 
jected. The patentees make in the side wall of the furnace oppo- 
site to that where the entrance for the sheets of glass into the 
furnace is situated, a hole or opening through which the workman 
passes an instrument which, passing across the furnace and taking 
hold of the edge of the sheet of glass, pulls and draws it into the 
kiln ; by this mode the temperature may not be so much reduced 
as when the old mode of pushing is adopted, inasmuch as the 
strain attending the pulling is considerably less than that of 
pushing. 


RAILWAY-BREAKS. 

< 

Robert Heath, of Heathfield, Manchester, gentleman, for 
“ certain improvements in the method of applying and working friction 
breaks to engines and carriages used upon railways.” — Granted Janu- 
ary 13 ; Enrolled July 13, 1848. 

The object of this invention is to bring a heavy weight, attached 
tq a lever, to bear against the friction break, so as to render the 
action more certain and regular than when manual force alone is 
exerted. The lever is placed under the control of the guard, who, 
by turning a winch placed in the ordinary manner, may bring the 
weight to bear upon the peripheries of the wheels, or remove it, 
with very little effort. 

Samuel Cunliffb Lister, of Manningham-hall, Bradford, gen- 
tleman, for 44 improvements in stopping railway trains and other 
carriages , and generally where a lifting power or pressure is required ” 
Granted January 18 ; Enrolled July 18, 1848. 

In this railway-break the resisting force is atmospheric pressure, 
or the pressure of compressed air, bearing against the breaks, 
which, as usual, act on the circumferences of the wheels. The 
apparatus consists of an air-chamber, placed below the framing of 
the carriage. It is provided with a piston or pistons, to the rods 
of which are attached the blocks, bearing against the wheels. The 
air is condensed into the air-chamber by air-pumps, worked by the 
axles of the carriages ; and, by means of the pistons and rods, the 
pressure is communicated to the wheels. The mode to be adopted 
when the breaks are required to be thrown into action, is for the 
guard, by means of suitable connecting apparatus, to open the 
valves, by which means the atmospheric air will be admitted to the 
pumps, a few strokes of which will then so compress the air within 
the receiver as to press the breaks against the wheels. Similar 
effects are produced by making the pumps act as exhausters, in- 
stead of compressers. 


RAILWAY KEYS. 

William Henry Barlow, of Derby, civil engineer, for u Im- 
provements in the manufacture of railway keys .” — Granted January 
27 ; Enrolled July 27, 1848. 

In these improved wooden keys, the inconvenience arising from 
expansion and contraction is attempted to be obviated, by render- 
ing the wood impervious to moisture. This is done by introducing 
into the pores of the wood, fatty or other matters that are insoluble 
in water. The patentee first prepares the keys of the requisite 
proportions, after which they are subjected to heat for the purpose 
of expelling the moisture. This he effects by placing them in an 
oven for 24 hours, which is maintained at a temperature of 212°. 
after which they are immersed in a solution by preference composed 
of four gallons of creosote, one gallon of naphtha, 24 lb. of pitch, 
and half a gallon of boiled linseed oil. The proportion of this 
mixture used to impregnate the wood is about one gallon to the 
cubic foot, and the keys should be immersed therein about 24 
hours. They are then ready for use, unless it be deemed necessary 
to subject them to the process of compression. Instead of simple 
immersion in these insoluble matters, the process may be greatly 
facilitated by exhausting the air from the wood in a close vessel, 
and afterwards forcing the fat composition in under pressure. 
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IMPROVEMENTS IN MARINE ENGINES AND PROPELLERS. 

°L Mand9l 7’ Field ’ of Lambeth, engineers, for « Improvement * in obtain* 

apparatul «■**** therein . — Granted March 8; E^oUed September 8, 1848. 


Reported in 





1. The new steam propeller which forms the 
leading subject of Mr. Maudslay’s present patent, 
obviates one of the greatest obstacles that have 
hitherto stood in the way of steam propelling, 
whether by means of screw blades or flat blades, 
or blades of any other description ; viz., the diffi- 
culty of shipping and unshipping the propeller. 
Mr. Maudslay affixes the blades of his propeller 
(which may, he says, be of “ any approved or 
suitable form'*) in such a manner to the driving- 
shaft that the propeller assumes of itself, as it 
were, the proper angle for propulsion, the instant 
the driving-shaft is put in motion, and returns as 
instantly into a neutral or inoperative position 
when the driving- shaft ceases to rotate. 

Fiff. 1 represents part of the stern of a vessel 
fitted with this improved propeller ; fig. 2, a front 
view of the instrument detached from its place in 
the vessel; and fig. 3, a sectional plan of the 
propeller, and its connections on the line a b of 
% 1 . 

“ A 1 A 2 are the blades of the propeller, which 
are inserted at their inner or narrow ends into 
sockets B 1 in the end of the propeller-shaft S, 
in which sockets they are free to turn to the ex- 
tent to be presently defined. To the shank of 
each propeller blade there are two toothed seg- 
ments C 1 C l , C J C 2 , attached one at the top of 
each socket, and the other at the bottom of 
it ; and the two sets of segments work the one 
into the other within the limits determined by 
the 8tops//J so that the propeller-blades must 
always move in perfect unison, and can only turn 
round in their sockets to the extent allowed by 
the stops. £ is a sliding clutch, affixed to the 
driving-shaft inside of the propeller-blades, which 
may be moved sternwards, so as to lay hold of 
either of two sets of pins, d d and e e, which pro- 
ject from the back of the wheels of the innermost 
propeller-blade A 2 . F is a vertical rod, by means 
of which the clutch E, may be worked from the 
deck of the vessel; this rod terminating at bottom 
in a screw, which takes into a swivelled nut n, 
which is attached to one arm of a bell-crank G, 
the other arm of which is forked so as to embrace 
the clutch E, when brought down upon it. The 
mode in which the propeller, as thus fitted, acts, 
is as follows : — Supposing the clutch to be disen- 
gaged, and the driving-shaft to be put in motion, 
the blades are immediately thrown out into the 
angular positions proper for propelling, and they 
will continue in these positions as long as the 
shaft continues to rotate. Should occasion arise 
for backing the vessel, the blades are then se- 
cured in their extended positions by interlocking 
the clutch with the pins d d, at the back of the 
wheels of the innermost blade A 2 , as represented 
in fig. 3. When the engine is stopped, and the 
driving-shaft ceases to rotate, and the clutch is 
withdrawn, the propeller-blades will, by fhe action 
of the water upon them, be turned round in their 
sockets until they come into a line with the course 
of the vessel, and present their sharp edges only 
to the water, as exemplified in fig. 4 ; and, for 
greater security, they may be made fast in this 
position by interlocking the clutch E, with the 
pins e e, at the back of the wheels of the innermost 
blade.” 

From the instantaneousness with which this 
peculiarly fixed screw propeller can be turned 
to account, from its never being required to be 
raised out of the water, and never offering, when 
in the water and at rest, any material obstruction 
to the steering or progression of the vessel, it 
seems to possess so far a great superiority over 
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all the screw propellers hitherto in use ; but 
it promises to be more especially advantageous 
in the case of vessels going long; voyages, with 
small store of fuel, ana employing steam as an 
auxiliary power only, when the wind is not fair 
for the use of sails. With a propeller of this 
description, not a minute need be lost in changing 
from sailing to steaming, or from steaming to 
sailing, ana consequently, not a pound more of 
fuel need be expended than is absolutely re* 
quired. 

2. The peculiar feature of Mr. Maudslay's new 
furnace consists in the employment of rotating 
tubular screw bars, and hence the the name 
( w Archimedian”) by which we (not Mr. Mauds- 
lay) have ventured to distinguish it. Fig. 5 is a 
longitudinal section of the furnace ; and fig. 6 a 
front view. 

, H H, are the fire-bars, which, instead of being 
as usual solid fixtures, consist of a series of tubes 
which are free to revolve in their bearings, are 
open from end to end, screw-threaded on the out- 
side, and perforated with numerous air-holes. On 
the front end of each bar there is a broad flange 
or shoulder /, which projects beyond the general 
line of the furnace, and has a worm-wheel W, 
formed upon it. An endless screw-shaft K, 
which passes across the front of the furnace, and 
is worked from the engine through the medium 
of the bevil-wheels N, O, takes into the whole 
series of worm-wheels W, and causes thereby 
the constant rotation of the fire-bars. L is a 
throttle-valve hopper by which the coals are sup- 
plied to the furnace. As the coals drop from the 
nopper they fall upon an inclined shoot M, 
which projects them upon the front end of the 

furnace bars, whence they are carried gradually . . 

forward to the back, by the rotation of the bars and the action of their screwed surfaces on the mass of fuel. . . 

In consequence of the bars being in this constant state of rotation it is almost impossible that either clinkers or ashes should accumulate 
upon them. 


LOCOMOTIVE ENGINES. 

Charles Ritchie, of Aberdeen, Scotland, engineer, for u certain 
Improvement* in locomotive engines ” — Granted March 2 ; Enrolled 
September 2, 1848. [Reported in the Mining Journal .] 

This invention consists in, and has reference to, certain im- 
provements in locomotive and other engines, carried into practical 
effect by the means, or through the agency, of certain new or 
improved mechanical combinations and arrangements, having for 
their object the simplification of 4he construction, and the augmen- 
tation of the efficiency, of such engines. 

The first part consists in the application of a cylinder, or 
cylinders, with two distinct and separate pistons in each cylinder, 
to which are affixed piston-rods, for imparting motion to the 
cranked-axles and driving-wheels fixed thereon, whereby the rock- 
ing, or oscillating, motion attending locomotive engines as hitherto 
constructed, is considerably diminished, and greater steadiness 
of motion obtained, as, by this arrangement, the momentum of 
one piston, together with its cranks, and other connections, is 
at all times exactly balanced, or nearly so, by that of the other, 
in consequence of the approaching or receding of the pistons to 
and from each other being always simultaneous. The second part 
relates to an improved mode of working the slide-valves of loco- 
motive and other engines, by rendering the eccentric, which 
imparts motion thereto, available for the purpose of reversing the 
engine. The third part relates to an improved valve for regulating 
the admission of steam, or other motive power, to the working 
cylinders of locomotive and other engines, and to improvements 
in safety- valves, to be applied to the boilers of engines, or other 
reservoirs of power. The fourth part relates to an improved 
anti-primer, or steam-collector, to be applied to the boilers of steam- 
engines. The fifth part relates to an improved self-acting feeding 
apparatus, for supplying water to the boilers of steam-engines. 
And the sixth ana last part consists in the application to the 
wheels of locomotive engines of an improved guard, or safety- 
break. 

The drawing exhibits a side elevation of a locomotive engine, 
constructed according to this invention. A marks the boiler of 
the engine ; B, the driving-wheels fixed upon the crank-axles, C ; 
the boss, or nave, D, of each of such wheels serving as the crank, 


to which one end of the connecting-rod E, is attached by a crank- 
pin, or stud, a, secured to the said nave, and the opposite end of 
the rod E, is connected to the piston-rod F, in the usual way of 
forming such connections. G, G, two pistons, to which are at- 
tached the rods F, F — the said pistons working steam-tight in the 
cylinder H, by means of metallic, or other packing. The cylin- 
ders are fixed to each side of the boiler. Instead of having the 
fixed cylinder and connecting-rods, as above described, oscillating- 
cylinders may be used, with their piston-rods connected directly 
with the crank-axle ; or where fixed cylinders are used, and space 
is an object, the connecting-rods E, E, may be dispensed with, by 
attaching to the piston-rods a cross frame, in which there is a slot 
formed, into which a crank-pin, or stud, takes. The outer end 
of the frame works through a guide-hole, fixed to the side of the 
engine, and thus the rectilinear motion of the piston-rods imparts 
rotary motion to the crank-axle and driving-wheels fixed thereon. 
The steam may be admitted through the ports, into the cylinder, 
by a common slide, in the following manner : — Upon the hinder- 
most driving-axle is fixed an eccentric, upon which is a cam, of the 
following peculiar construction : — Two rods are fixed to, or formed 
upon, the said cam ; or it may be composed of one double-gabbed 
rod, one gab being employed for effecting the backward, and the 
other the forward, motion of the slide-valve, through the inter- 
vention of a double lever, which has its fulcrum upon a stud, fixed 
to the side of the boiler, as shown by the drawing, and this lever 
is connected to the slide-valve by a rod c. The length of this 
lever, as also the angle of inclination of the parts O, O, should be 
in accordance with the lead of the valve — the one or other of the 
inclined parts O, being caused to act upon the lever by a hand 
lever, connected to the said cam in any convenient manner, so as 
to enable the engine-driver to start, reverse, and stop the engine 
readily, by the same eccentric which gives motion to the slide- 
valve. By making the end of the valve-rod moveable, as in a slot 
in the lever P, the steam may be worked expansively at pleasure. 
Improved spring safety-valves are exhibited by other drawings at- 
tached to this specification, from which it will appear there are 
two forms of construction, showing a valve with a conical-shaped 
seat, being a flat- valve, and constructed with a flange, which the 
inventor terms a compensation flange — such flange being let into 
the seat vertically, about one-sixth of the diameter of the steam- 


Digitized by 


Google 


1848. J 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


307 



way in the valve-seat. This valve is weighted by a helical spring, 
of sufficient power, according to the required pressure of the 
steam ; and when it is intended to be used as a reserve safety- 
valve, the spring is to be placed around that part of the stem 
below the valve — that is to say, within the boiler. The advantage 
of this form of construction of valve over the ordinary valve is as 
follows : — As soon as the pressure of the steam raises the valve 
from its seat, the flange, being exposed to the pressure of the 
steam, presents an increased surface, which compensates for the 
increasing resistance of the helical sping, until the valve has been 
raised to a height equal to the area of the steam- way, when it 
allows the steam, or vapour, to escape freely. When not intended 
as a reserve safety-valve, this valve may nave the spring placed 
above it. Another valve, which is called an indicator safety-valve, 
is exhibited, consisting of a piston, which is fitted into a tube, 
having a spring attached to it — lateral openings being made in the 
tube, to allow the steam to escape when the piston becomes raised 
above such openings ; and by making the said tube moveable within 
another one, the “ blowing-off” point may be varied at pleasure. 
An index, like that of a barometer, may then be attached to the 
stem, or rod, of the piston, and will indicate very slight variations 
of pressure. A regulating- valve is attached, the construction and 
arrangement of which is as follows : — There is a short socket-pipe, 
having two conical valve-seats formed therein, into which the valves 
fit — such valves being connected together, or formed upon one 
stem, into which one end of a rod is screwed, or otherwise made 
fast, and the opposite end of the said rod attached to an eccentric 
spindle, working through a stuffing-box, to which a hand-lever is 
fixed — such lever and rod being for the purpose of opening, or 
closing, the regulator-valve at pleasure. 

The anti-primer before-mentioned is formed in the following 
manner: — Two distinct and separate plates of sheet metal, the 
outer edges of which are securely fixed to the inside of the boiler, 
by rivetting, or otherwise, the said plates being inclined towards 
the centre of the boiler, care being taken to leave a space between 
the inner edges of the two plates, so as to reserve a channel 
lengthwise of the boiler, for the passage of steam into the steam- 
chamber thus formed, and within, or in connection with which the 
regulating-valve, is situate the steam-pipes which lead to the cylin- 
ders being connected thereto. Instead of forming the anti-primer 
of two separate strips, or pieces, of metal, the same result may 
be obtained by forming it of one strip, or piece, of metal, of the 
shape shown — the said plate being pierced with an infinite number 
of small holes. The construction and arrangement of the feeding- 
apparatus are as follows : — There is a metal cylinder, which should 
be bored perfectly true and cylindrical, fitted with a piston, the 
rod of such piston forming the plunger, or ram, of the cold water 
pump, the barrel of which serves as a compound gland for the 
stuffing-box of the cylinder and pump-barrel. The slide-valve, 
which may be made to cover or uncover the ports, or passages, in 
the cylinder, by the opposite sides of the piston coming into con- 
tact with the levers, which are connected to the slide-valve by a 
rod or rods. There are spherical-valves (the seats of which are 
knife-edged), formed within the spherical flange pieces, which 
have openings for establishing a communication between the ten- 
der, the pump-barrel, and the steam-boiler, as exhibited. The 
modus operandi of this feeding-apparatus is as follows : — Upon 
steam being admitted from the boiler into the cylinder, through 
the steam-port, or passage, the piston will be acted upon, and the 
ram, or plunger, be withdrawn, the water from the tenders will 
raise the valve, and enter the barrel, to supply the space previously 
occupied by the plunger, or ram ; by this time the piston will have 


acted upon the lever, so as to cause the slide-valve to uncover the 
port, or passage, and cover the port, or passage, P„ thereby al- 
lowing the steam on the other side of the piston to escape through 
the exhaust-pipe ; the piston will now be impelled in a contrary 
direction, ana the plunger, or ram, entering tne barrel, will cause 
the one valve to be closed, and the other to be opened by pressure 
of the water therein, which as the plunger, or ram, advances, will 
be forced into the boiler, to supply the deficiency of that water 
which has been converted into steam ; R„ R„ mark wheel-guards, 
or safety-breaks. which are each composed of a strong band, or 
strap, of iron, placed like a splasher over the wheel to be pro- 
tected ; the inner surface of the said guard, or break, is formed of 
the converse shape to that of the tyre, and fixed securely to the 
framing, or boiler, or both, as near to the top of the wheel as the 
play of the bearing-springs will admit of, ana as near to the back 
of each wheel as possible, without touching it. 

To each side of the engine a bar of iron is placed, and securely 
fixed in a longitudinal direction — such arrangement being intended 
to preserve such wheels in a vertical position, and thereby support 
the engine, in the event of the axles breaking, and to operate at 
the same time as a break, to retard the motion of the engine, in 
the event of any such accident. Another improvement in locomo- 
tive engines consists in arranging that part of the boiler known as 
the fire-box, in such manner that the height of the water in this 
part of the boiler shall at all times be at a proper level, which is 
effected by what is called an anti-fluctuator ^ * _* 4d - 
partition-plate across the ^ or an ekSn of the^kt^ 
40 w|p w1i me tubed are fixed as shown ; and, by causing the water 
to be fed to the boiler at that part which surrounds the fire, it will 
appear evident that the barrel of the boiler can only receive its 
supply of water from that which overflows the said partition-plate. 
Having described the nature of his invention, the patentee re- 
marks, that he does not claim the exclusive use of any of the 
separate parts above-mentioned and referred to, when considered 
per 8e and apart from the purposes of the said invention, as 
hereinbefore set forth and described. 


Improvements in Perforating Glass for Ventilation. 
Patented by Mr. J. Lockhead, of Milton, Gravesend. — In forming 
plates, sheets, lenses, or other forms of glass, the glass, when in a 
semi-fluid state, is poured from the pot on to the casting-table — 
the stream, being followed by a pressure-roller, for the purpose of 
flattening it ; and, while the glass is in a plastic state, a metal 
mould, with teeth or projections on its under-side, according to 
the pattern required, is applied to the surface, forcibly pressed 
down, and left in that position until the glass has set ; after which 
it is to be removed, and the glass will be found to be perforated, 
in corresponding shapes to the proj ections on the mould. To effect 
this in the most complete manner, a screw-press, made to the size 
of the casting-table, is used, very similar to a common copying- 
press, and different pattern-moulds being fixed to the lower end of 
the screw, and worked by a cross handle. 


Improvements in obtaining Oxide of Zinc from the Ore. 
Patented by M. C. A. F. Rochaz, of Paris. — By this process, the 
employment of retorts, as by the old method, is dispensed with, 
the fuel and labour economised, the operation completely inde- 

S endent of the skill of the workman, and the loss of metal, inci- 
ental to the old method, prevented. Ores of lead and zinc may 
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bo operated on at once. The principal feature consists in the 
reduction of the native sulphuret of zinc (blende), and of the 
carbonates, oxides, and silicates of zinc, and sulphurets and oxides 
of lead, by the action of the reducing gases of a blast-furnace, by 
which the scoria, or slag, is fused, and the zinc volatilised ; the 
vapours are then condensed, and conducted into a reservoir, 
situated over the mouth of the furnace, and heated by the gases 
therefrom. The furnace having been heated to the required tem- 
perature by the combustion of fuel alone, a charge of any kind 
of the above zinc ores, mixed with a suitable flux, is introduced 
into the charging aperture, and, by means of a cover above, and a 
sliding plate below, none of the gases are allowed to escape. The 
charge thus falls upon a layer of incandescent fuel ; a layer of 
fuel is then poured upon the ore; then another charge of ore, 
until the furnace is full, and it is to be replenished as the charge 
sinks below a certain dentb. The zinc is thus volatilised by the 
heat, and the scoria falls into the lower part of the furnace; 
the gases and volatilised zinc pass through proper openings 
through a hydraulic main, and there deposit any zinc carried 
with them. 


BRITISH ASSOCIATION. 

Reports read at the Meeting held at Swansea, August, 1848. 

Railway Statistics. 

11 Facts bearing on the Progress qf the Railway System* 9 By Mr. W. 
IIardino. 

The modern railway system of Europe may be said to date from 1830, 
when the construction, by Mr. G. Stephenson, of the Liverpool and Man- 
chester Railway, with its locomotive engines, was completed. After that 
date we heard no more of such prophecies as the following (from the Quar- 
terly Review , in 1825), which it is not useless to record as a lesson of caution 
to us for the future : — “ As to those persons who speculate on making rail- 
ways generally throughout the kingdom, and superseding all the canals, all 
the wagons, mails, and stage-coaches, post-chaises, and, in short, every other 
mode of conveyance by land and by water, we deem them and their visionary 
schemes nnworthy of notice. What, for instance, can be more palpably 
absurd and ridiculous than the following paragraph,” — in which a prospect 
k held out of locomotives travelling twice as fast as stage-coaches. “ We 
should as soon,” adds the reviewer, “ expect the people of Woolwich to suffer 
themselves to be fired off upon one of Congreve's ricochet rockets, as trust 
themselves to the mercy of such a machine, going at such a rate.” The 
modern railway system has, however, not only done this, but it has given 
rise to new habits in the present generation, and has proved to be the great 
mechanical invention of the nineteenth century, as the steam-engine was of 
the eighteenth. As it is still in its infancy, it is especially the province of 
statistical inquiry to watch its grouth, so that on tbe one hand timely 
remedies may be applied to its defects, and on the other free scope may be 
given to its beneficial tendencies. Valuable papers have been contributed by 
Messrs. Laing, Porter, Graham, and others, analysing the traffic on railways 
during the infancy of the system to the year 1843. Shortly before that 
period there had been a pause in railways. During two years, only five miles 
had been sanctioned, but the period which has since elapsed comprises the 
memorable mania years of 1845 and 1846. Under this excitement intelli- 
gence and emulation have been stimulated among the managers of railways 
to the utmost, and the system has rapidly advanced. The consolidation of 
lines under a few great companies, by the process styled amalgamation, has 
proceeded ; — the atmospheric, an entirely new system of traction, has been 
brought forward ; — the electric telegraph, conveying intelligence at the rate 
of 280,000 miles a second, has been widely introduced express trains, 
travelling at nearly the highest attainable speeds, have been established, — 
and the length of railways in operation has been doubled. It therefore 
becomes a matter of interest to inquire to what the results of so active a 
period point. Have low fares answered ? — Has the third-class traffic, the 
most important to the bulk of tbe people, been encouraged, and has it been 
found wise, not only for the users but for the owners of railways, to encour- 
age it or the reverse ? — Has tbe increase of speed been successful, and are 
we likely to travel faster or slower hereafter ? — How have the receipts kept 
up while the length of railway has been doubled ? — Did tbe first 2,000 miles 
get the cream of the traffic, as has often been thought, and has the average 
receipt per mile consequently fallen off? — Should the experience of tbe past, 
in short, give us confidence in urging on the system at tbe extraordinary rate 
at wftich we are now doing it, or not ? In tbe following investigation and 
collection of facts it has been attempted to throw some light upon these 
points ; — the recent publication of the official railway returns for 1846 and 
1847 affording peculiar facilities for tbe purpose. The following paper refers 
to English, Scotch, and Welsh lines only, — the Irish lines are.excluded, the 
economical condition of Ireland being different from that ot this country, 
and there being but few railways open in that country 
Comparative Lengths of Railway open m 1843 1847 and Receipts thereon. 

The length* of English, Scotch, and Welsh railways open June 1843 were 1,990 
Ditto, open at the commencement of 1848 .. .. 8,597 

The gross receipts returned for the year 1842 were . . •• jf4.740.000 

pitto, for the year ending June 80, 1847 .. .. 8^366,77? 


After making the necessary corrections in the above figures, the average 
receipts per mile of railways in 1842 were 2,489/. ; in 1847, 2,596 L We 
therefore arrive at the important fact that, although the mileage of our lines 
has been doubled, tbe receipts have been more than doubled. Thk must be 
regarded as a favourable general feature in the state of railways. There was 
much reason to fear that, as the first railways ran between the great towns 
or traversed the manufacturing districts, the railways which were next 
opened would show a great falling off in receipts. Hitherto, then, we find 
thst this is not so, — a fact which may give us confidence as regards the great 
length of railway which has been sanctioned by parliament but which k not 
yet open. 

Lines sanctioned but not open. — The length of railway sanctioned by par- 
liament at the commencement of 1848, but not then open, was 7,150 miles. 
A considerable portion of this U in progress, more or leu rapid. On the 1st 
of Msy 1847, 5,209 miles were returned as in progress, on which 218,792 
persons were employed, or 42 per mile.* These new railways are principally 
designed for the accommodation of the agricultural parts of the country. 
We will presently refer to tbe prospects of railways in such districts. When 
the railways now in contemplation are completed, and it is probable that the 
greater portion will be so in tbe course of the next five years, we shall have 
upwards of 10,000 miles of railway open,— -on which, judging from the num- 
bers employed on lines now open, (viz., 14 per mile), 140,000 persons will 
be permanently employed, at good wages, — representing, at five to a family, 
three quarters of a million of the gross population. The importance of this 
addition to our internal communications will be appreciated when it k 
remembered that there are only about 4,000 miles of inland navigation and 

30.000 miles of turnpike road open for traffic in the country. 

Analysis qf Traffic. — General Features. — The gross traffic for the year 
ending June 30, 1847, was, as we have seen, 8,366,000/. There were con- 
veyed during that year, from tbe returns of the Board of Trade, f in round 
numbers, 7,000,000 tons of merchandise and goods, 8,000,000 tons of coal, 

500.000 horned cattle, 1,500,000 sheep, and 100,000 horses. 

Of the gross sum, 8,366.000/., tbs passenger receipts were .. *66,024,000 

Tbe receipts from all other sources— goods, cattle, carriages, parcels, 
malls, Ac. .. .. .. 3^42,000 

Total .. £8,866,000 

In every 100/. of receipts, the passenger traffic therefore forms 60 per cent., 
the traffic receipt from other sources 40. Id 1842 these proportions were 
as 64 to 36. Tbe proportions of traffic receipts from other sources than 
passengers (being principally goods and cattle traffic) have thus increased 
since 1842 as 40 to 36, or 11 per cent. The total number of passengers 
carried in the year (ending June 30) 1847 was 47,484,134, as compared with, 
in 1842, 22,403,478. The average distance travelled by each passenger was, 
in 1842, 13 miles ; in 1847 it was 16 miles. The numbers and proportions 
of classes were 

In 1847. In 1842. 

Flret-dass .. .. .. 14 2 20*2 

8econd- class .. .. .. 88*3 45*4 

Third-class .. .. .. 47*5 84*4 

Thus, the third-class passengers (which have increased in number since 1842, 
from 6,000,000 annually to 21, 000, 000 , ) now form nearly half of the whole 
number travelling, whereas in 1842 they formed only about one-third. Only 
one-tbird of tbe third-class passengers have availed themselves of the parlia- 
mentary trains, arbitrarily (and, as it appears to me, unfairly) imposed upon 
railway companies in 1844. The following table, comparing the fares of the 
metropolitan railways iu the year ending June 1843, with those in the year 
ending June 1847, shows the great reduction which has taken place in farea 
during the last four years. To make the comparison more appreciable, the 
fares are taken as for 100 miles in pence. 


Fare for 100 Miles. 


Name of Hallway.] 

1st Class. 

2nd Class. 

8rd Class. 


1843. 

1847. 

1843. 

1847. 

1843. 

1847. 

London and North-Western . . 
Great Western .. 

London and South-Western .. 
Eastern Counties .. •• 

Northern and Eastern • . 

South-Eastern .. 

London and Brighton •• 

884*8 
808*1 
812*0 
294*1 
217 4 
227*0 
850*0 

218*1 

274*4 

245*0 

210*0 

214*0 

263*0 

241*1 

208*5 

210*0 

227*4 

166* 

150*0 

225*0 

144*6 

187*8 

168*0 

141*5 

152*0 

171*0 

181*2 

118*3 

120*0 

164*7 

110*9 

87*5 

150*0 

938 

100*0 

96-0 

92*3 

900 

109*0 

Average .. 

Difference per cent. 

303*6 

287*4 

21*8 

210*3 

160*8 

23*8 

128*6 

947 

26*0 


This reduction in fares, coupled with tbe increase in tbe number of trains, 
and the speed of travelling, must be regarded as the principal cause of the 
great increase of' the number of passengers since 1843. 

We have already seen that tbe numbers in 1847 and 1843 are as 4 7,484,134 
to 22,403,478. If we take into account the number of miles opened at those 
dates respectively, the annual number per mile was, in 1842, 11,772, and in 
1847, 14,806. 

* In this return the number of miles returned as In progress sre more than those really 
in construction, tbe number of men employed per mile Is less than tbe trutb. 

t These returns are not complete, and they require some correction, in respect of the 
same articles being sometimes conveyed over several diffeient lines, and therefore counted 
over more than once. 
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The proportion of third-class passengers has, we have seen, thus satis- 
factorily increased between 1842 and 1847. The third-class traffic has, 
however, developed itself very differently on different lines ; and it may be 
well to inqnire into this. The statement subjoined shows the third-class 
traffic of two metropolitan companies (the Eastern Counties and the Great 
Western) — two North of England companies (the Lancashire and Yorkshire 
and the Newcastle and Berwick) — and two Scotch companies (the Edin- 
burgh and Glasgow and the Glasgow and Greenock). 

Year ending June 30, 1847. 


Name of Railway. 

Length 

in 

Miles. 

Number of 
Third-class 

Passengers 

conveyed. 

Proportion 
in every 
Hundred of 
Third-class 
Passengers. 

Glasgow, Paisley, and Greenock 



957,6 7 4 

83*3 

Newcastle and Berwick 


664 

944,891 

79*5 

Edinburgh and Glasgow 


46 

836,026 

72*8 

Lancashire and Yorkshire 


109 

2.090,624 

72*3 

Midland 


286 

2.366,892 

66*4 

Eastern Counties .. 


177 

1,044,168 

60*3 

Great Western .. 


240| 

419,663 

14*6 


From this it appears that while the Great Western Company, on a line 241 
miles long, have only carried 419,663, the Edinburgh and Glasgow Company, 
on a line 46 miles long, have carried 836,025 ; the Midland Company, 285 
miles long, 2,366,892 ; and that while on the Great Western only 15 out of 
every 100 passengers conveyed are third-class, on the Eastern Counties 50 
out of every 100, and on the Glasgow, Paisley, and Greenock, 83 out of 
every 100 are third-class passengers. Although it is true that the different 
character of the population and other circumstances will affect to some 
extent the relative number of third-class passengers on different lines, the 
disparity here is so great that we can come to no other conclusion than that 
the arrangements of such a line as the Great Western as to third-class pas- 
sengers must be such as to preclude hundreds of thousands of third-class 
passengers yearly from using the railway who, with greater facilities, would 
be glad to use it. I say this with confidence, because as manager of the 
Glasgow and Greenock Railway, where the third-class system has been more 
developed than on any line in the country (and where we carried passengers 
at a profit for one farthing a mile), I had an opportunity of observing the 
real advantage and comfort which very cheap travelling is to the working 
class. As the results of the working of that line afforded a remarkable 
instance of the effects of low fares, I have thought that it might not be unin. 
teresting to record them. The River Clyde runs beside the Glasgow, Paisley, 
and Greenock Railway, which is 23 miles long. The steamboats have long 
afforded an excellent mode of transport between Glasgow and Greenock, the 
fares by boat before the railway opened being from It to 2t., and the time 
occupied was about two hours. Glasgow, with a population of 274,000, was 
at one end of the line, Greenock, with a population of 36,000, at the other 
end of the line, and various summer watering places lie at the mouth of the 
Clyde, below Greenock. On the line were Paisley (population 60,000) and 
Port Glasgow (population 7,000). Between Glasgow and Paisley was a 
canal on which there were passenger-boats drawn by horses at a speed of 6 
miles per hour. These facilities gave rise to a great traffic before the railway 
was opened,— the yearly number travelling along the course of the railway 
being 1,185,340, and the average fare 1«. Ad. Notwithstanding this, after 
the railway was opened (in 1843) the numbers travelling by all means of 
conveyance were found to exceed 2,000,000, or to have increased 100 per 
cent, the average fare having in the mean time fallen to 104. This was the 
gross result ; bnt the fares of the railway (originally 2a. 6 d. first-class and 
la. 6 d. second-class for 23 miles) were varied from time to time ; and as I 
closely observed the effects of these variations, having caused an account to 
be taken of the number travelling by steamboat and canal as well as by rail- 
way, it may be well to state the results of these variations of fares. 

Firet alteration . — In 1842, uncovered, open, third-class carriages, at a 
fare of 6 d. for the 23 miles (or about \d. per mile), were introduced on the 
railway between Glasgow and Greenock, whereupon the annual number of 
railway passengers between those places increased 224,000, being an increase 
of 32 per cent, of tjie total number travelling (either by railway or steam- 
boat). The number of first and second-class fell off at the same time 30 per 
cent., the passengers having transferred themselves from the higher class- 
carriages into the open third-class carriages, tempted by the difference of 
fares between $4. per mile and J4. per mile. The gross receipts, however, 
increased simultaneously 15 per cent. ; the working expenses on the other 
hand, did not appreciably increase, although the average number of pas- 
sengers per train increased from 72 to 117 . — Second alteration. The tbird- 
dass fares were subsequently (in 1843) raised from 64. to la. with the hope 
of increasing the revenue. The whole number travelling by railway and 
steamboat immediately fell off 18 per cent. The first and second class rail- 
way passengers increased by 10 per cent., but the gross receipts fell off more 
than 10 per cent. The effect was also tried of making the third-class car- 
riages more comfortable by covering them in. This was found not to in- 
crease the number travelling, but it did reduce the number of first and second 
class passengers by 16 per cent, and therefore caused considerable loss to 
the company. The same experiment was repeated on the second-class car. 
liiges: they were made more comfortable by inserting glass windows 


instead of wooden shutters, and by carrying the interior partition higher. 
The number of first-class passengers shortly fell off by 12 per cent.; but be- 
yond this the second-dass passengers did not appredably increase ; this 
experiment, therefore, also resulted in loss. The results of these experi- 
ments were then — 1st. That a reduction of fares to £4. per mile even from 
so low a rate as £4. per mile increased the number travelling by nearly a 
quarter of a million or by two-thirds of the whole population of the district. 
As these people were generally of the less affluent dasses, it appears thst 
they were actually drawn out of the noisome streets of Glasgow to the - 
North of the Clyde by the temptation of a very low fare, and immediately 
that the fare was raised they were driven back again into the city. 2nd. 
That under the circumstances of the line in question, cheap and rapid tra- 
velling increased the number travelling; but improving the lower-priced 
carriages did not, however, appear to act in the same way, but merely 
tempted passengers from the higher class carriages — those from the second- 
class into the third-class carriages, and from the first to the second class : — 
of course it by no means follows that similar results would ensue on lines in 
other localities ; each case must be determined by its peculiar conditions. 
3rd. That no limit can be assigned to the number of travellers which 
cheapening and quickening the means of conveyance will create. The intro- 
duction of the railway, even where steamboats already afforded a most 
pleasant, rapid, and cheap communication, increased, we see, the number 
travelling from 110,000 to 2,000,000—2,000,000 being five times the whole 
population of the district. I doubt whether either at home or abroad so 
large a proportion of travellers to the whole population is to he found. Thu 
traffic between Glasgow and Paisley is probably the most remarkable instance 
on record of the increase of travelling caused by increased facilities. In 
1814 there was only one coach a week between Glasgow and Paisley, con- 
veying about 2,000 persons per annum ; if we multiply this by 5 to allow 
for the greater number of gigs and private vehicles then in use, we only get 
10,000 passengers per annum conveyed between the two places. In 1842 
the numbers travelling by public conveyance between Glasgow and Paisley 
were upwards of 900,000. Now as the population between 1814 and 1842 
had only about doubled itself, while the traffic, as we see, had multiplied 
itself ninety-fold, it follows that the increased facilities of transport had 
increased the number travelling relatively to the population 45 times : that 
is to say, that for every journey which an inhabitant of Glasgow or Paisley 
took in 1814 he took 45 journeys in 1843. These results, I conceive, place 
it beyond a doubt that we should spare no effort to make railway travelling 
cheap and within the reach of all classes. 

Now, there is only one true way of encouraging cheap travelling, and that 
is by keeping down the original cost, and the annual expenses of railways. 
All the other contrivances which the public are inclined to trust, such as 
legislative restriction on profits, and so on, are mere quackery. Even com- 
petition is inapplicable to railways, and is not to he relied on.* Mr. R. 
Stephenson, the engineer, put the whole case into one sentence when he 
said, to •• have combination is practicable— competition is impossible/' The 
experience of all railway competition shows that this is true; when, tnere- 
fore, under the plea of competition unnecessary outlay is being incurred, the 
public may rest assured that they will ultimately suffer for it in the charges 
they will have to pay. 

Mr. Hill Williams, the actuary, has compiled some useful tables, t to show" 
arithmetically “ how far a remunerative charge for the conveyance of pas- 
sengers and goods on railways is modified by the original cost" and other 
circumstances. 

The following is an extract showing the effect of increased cost of con- 
struction. — 

Total yearly traffic, number of passengers or tons of goods, 90,000. 



Original 
cost of 
Construction 
*16,000 
per mile. 

Original 
cost of 
Construction 
*20,000 
per mile. 

Original 
cost of 
Construction 
*23,000 
per mile. 

Original 
cost of 
Construction 
*30,000 
per mile. 

Fixed charge per mile on every 1 



d. 

d. 

passenger or ton of goods re«. 1 

d. 

d. 

quisite in order to give common f 
Interest, 6 p. cent, on the outlay J 

1*09 

1*33 

1*60 

2*90 


We see from this that the fixed charge on every ton of goods or passenger 
must average 24. per mile to return common interest on a railway costing 
30,000/., whereas if the railway cost 20,000/. 1^4. per mile would be suffi- 
cient, and if it cost 15,000/. 14. per mile would be sufficient. 

After a series of similar observations, the author concludes as follows 
The result of the preceding inquiry is, it appears to me, on the whole satis- 
factory. The railway system has doubled itself in the last three years. 
Fares have been greatly reduced. Third-class passengers have largely in- 
creased. The importance and value of the traffic in goods and cattle rela- 
tively to the passenger traffic have become more apparent. The number of 
trains is greater and the speed of some of the trains has been accelerated ^ 
and all this has been effected without any falling off in the average receipts 
on each mile of railway in working, but with an increase probably sufficient 
to meet the increase of the working expenses attendant on the increased: 
accommodation now afforded by railways t whatever falling off in dividend* 

* Evidence Select Committee on Railway Act Enactments, 1846. 

t Appendix No. 7, Select Committee on Railway Act Enactments, 1840. 
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there may have been, is, therefore, to be attributed in a general view of the 
•abject to the capitalization of loans and the creation of fictitious capital by 
the purchase of railways at premiums, and, therefore, at sums beyond what 
they actually cost. These being profitable speculations when shares were 
high, were pushed to such an extent as now to press severely on the original 
share capital of railway companies. The great evil of the last three years is 
the extravagant outlay of money which has taken place ; an outlay which, 
instead of being checked by the legislature, has been encouraged to the 
utmost by the mode of inquiry adopted. This has inflicted on the railway 
system a burden which it will never be able to throw off, and which the 
public will always have to bear with them in a higher rate of charge for 
conveyance than would with common prudence have been necessary. It 
only remains to stop the extravagance with a strong hand. The very 
existence of the railway companies depends on the economy they can prac- 
tise in making and working their railways ; and nothing which on the face 
of it involves increased outlay, be it diversity of gauge aud its consequence 
the mixed gauge, or the more plausible plea of competition, should be coun- 
tenanced either by railway companies or by the legislature, if we wish to 
secure for ourselves the full fruits of that admirable invention which England 
and English engineers who have followed in the steps of George Stephenson 
have given to the world. 


AyiXOUITRY. 

“ Report qf further progress qf Anemometrical Researches” By Pro- 
fessor Phillips. 

Referring to the report on this subject presented to the Southampton 
Meeting, the author recapitulated the steps of the investigation by which he 
had been conducted to propose the evaporation of water as a measure of 
the velocity of air-movement. In the former researches, the conclusion 
which may be drawn a priori from Dr. Apjohn’s formula for the relation of 
the temperature of the dew point to that of an evaporating surface was 
verified ; and the rate qf cooling of a wet bulb in the open air was found to 
be cat. par. simply proportional to / — tf (t being the temperature of the 
air, f 7 that of an evaporating surface). The air-movement was found to 
affect the rate of cooling nearly in proportion to the square root of the 
velocity ; and thus by simply observing the rate of cooling of a wet bulb 
exposed to a current of air, and also the value o ft — the velocity of the 
air current becomes easily calculable. But this instrument is only an ane- 
moscope, of extreme delicacy and various applicability indeed, but incapable 
of being converted to a self-registering anemometer. — It appeared to the 
author probable that the rate qf evaporation followed nearly or exactly the 
same law as the rate of cooling, — the same reasoning in fact applying to 
each case. This was tested by experiment in a great variety of ways, with 
instruments of extremely various forms, and with velocities of air-movement 
from 400 yards to 27,000 yards in the hour. The velocities of the wind 
were measured by a very lightly-poised machine anemometer of Dr. Robin- 
son’s construction, but without any wheel-work, the revolutions being 
counted by the observer. — In the course of these experiments some appa- 
rently anomalous circumstances in the rate of evaporation occurred to the 
author ; but these he hopes to be able to interpret by further careful re- 
search, and finally to present in the compass of a few cubic inches an anemo- 
meter specially suited to measure and record the low velocities of wind, and 
furnish a useful complement to the larger machines already esteemed to be 
so important in meteorology. 


Height or Waves. 

“ On the Velocity and Height qf Waves,” as observed by Capt. Stanley ; 
being the result of experiments made on board H.M.S. Rattlesnake . 

The method adopted for the determination of the length and speed of the 
sea was to veer a spar astern by the marked lead line, when the ship was 
going dead before the wind and sea, until the spar was on the crest of one 
wave, while the ship’s stern was on the crest of the preceding one. After a 
few trials, it was found that when the sea was at all regular, this distance 
could be obtained within two or three fathoms, when the length of wave was 
50. In order to ascertain the speed of the sea, the time was noted when 
the crest of the advancing wave passed the spar astern, and also the time 
when it reached the ship ; and by taking a number of observations, there 
is every reason to believe results have been obtained not very far from the 
truth. The officer noting the time in all these observations having only to 
register the indications of the watch when the observer called “ Stop,” had 
no bias to induce him to make the differences more regular. For measuring 
the height of the waves, a plan recommended by Mrs. Somerville was 
adopted — which Capt. Stanley has tried for ten years with great success. 
When the ship is in the trough of the sea, the person observing ascends the 
rigging until he can just see the crest of the coming wave on with the hori- 
zon, and the height of his eye above the ship’s water-line will give a very 
fair measure of the difference of level between the crest and hollow of a sea. 
Of course, in all these observations, the mean of a great many have been 
taken ; for even when the sea is most regular, apparently there is a change 
in the height of the individual waves. In order to show how closely the 
Afferent results came, observations on different days are given from which 
hey were deduced, — 


Experiment, No. 1. 

Length of sea, 55 fathoms ; speed of ship, 7 2 knots ; height of wave, 22 
feet ; time the wave took in passing from spar to stern, 10 seconds ; speed 
of sea deduced, 27' per hour. 

Experiment , No. 2. 

Times observed of wove 
passing from spar to stem. 

Svc. 

87 

7- 0 

9 2 Length of wave, 43 fathom*. 

6 3 Average height, 20 feet. 

7*0 Speed of ship, 6 knots. 

8 6 Speed of wave deduced, 24*5 nautical miles per hoar. 

8*8 

8- 4 

8/640 

8*0 Mean time of wave going from spar to stern. 

Experiment , No. 3. 

Sec. 

7*4 

13*0 Length of wave, 50 fathoms. 

10 7 Height of wave, 20 feet. 

10*0 Speed of ship, 6 knots. 

10*2 Speed of wave deduced, 24 nautical miles per hour- 

9*0 

6/60*3 

10*0 Mean time of wave passing from spar to stern. 

Experiment , No. 4. 

Sec. 

7*5 

7*0 

10 0 Length of wsve, 30 to 60 fathoms. 

9*0 Height of wave,— 

9*0 Speed of ship, 5 knots. 

1* *0 8 peed of wave deduced, 22* 1 nautical miles per hour 

9*0 
8*0 
96 

9/79*0 

7*8 Mean time of wave passing from spar to stern. 

Experiment , No. 5. 

Length of wsve, 33 fathoms. 

Speed of ship, 6 knots. 

Spaed of wave deduced, 22*1 nautical miles per hour. 

Experiment, No. 6. 


9 0 Length of wave, 57 fathoms. 1 Sea irregular } 

7*5 Height of wave, 22 feet. V observations 

10*5 8peed of ship, 7 knots. j not very good. 

10*5 Speed of wave deduced, 26*2 nautical miles per hour. 
13*0 

6/62*5 

10*4 Mean time of wave going from spar to stern. 
Experiment, No. 7. 

Sec. 

95 

6 *5 Length of wave, 8$ fathoms. 

8*0 Height of wave, 17 feet. 

8 6 Speed of ship, 7*8 knots. 

7*0 Speed of wave deduced, 22 nautical miles per hour,. 
12*5 
10*0 

7/62*0 


8*9 Mean time of sea passing from spar to stern. 
Summery of Observations. 


£ 
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5 

*8 
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peed of Ses 
deduced. 

Remarks. 
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%£ 

I 

1 

£ 

l 
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p a. 


1847. 

O 

M. 

CO 

•5 

m 

3 

03 


A r 



Knots 

Feet. 

Fins. 

8econds 

Knots 

r Ship before the Wind, with a 
\ heavy following Sea. 

Ditto. 


5 

7*2 

n 

55 

10*0 

27. 

23 

8 

5 

60 

20 

43 

8*0 

24*5 

24 

6 

4 

6*0 

20 

50 

10*0 

240 

Ditto. 

2S 

9 

4 

6*0 


35to40 

7*8 

22*1 

Sea irregular. 

26 


4 

60 


83 

7*4 

22*1 

Heavy following Sea. 

" 5 * 

6 

(4*5) 

7*0 

22 

57 

10*4 

26*2 

f Sea irregular-observations aoS 
\ very good in consequence. 
f Wind and Sea a little on port 
l quarter. 

8 

7 

6 

7*8 

17 

35 

8*9. 

22* 


Note.— The numbers denoting the strength of the wind are those used by Admiral 
Beaufort. 
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Atmospheric Waves. 

u Report on Atmospheric Wooes” By Mr. Birt. 

The report consists of three parts : — The first denoting the information we 
now possess relative to such waves as have been determined : the second 
treating of the barometric carves which result from the crossing of the 
north-westerly and sooth-westerly waves, the two principal systems 
common to Europe— the most prominent subject being that particular 
carve known as the u great symmetrical wave of November:’’ and the 
third embodying the results that have been obtained daring the last year 
illustrative of the symmetry of the “ great wave,” more particularly the 
locality of greatest symmetry and the departure from symmetry in certain 
directions. Under the second head, the author has thrown together the 
result of his inquiries into the forms presented by the barometric carves at 
certain stations, and has devoted attention to the symmetrical curve of 
November as it has been observed at the Observatory at Greenwich in the 
years 1841 to 1845. In connection with this subject, the author remarked 
44 it has been assumed that the symmetrical wave of November consists of 
five subordinate waves giving rise to the five maxima which characterise 
it, the central maximum forming the apex of the symmetrical curve, the 
remainder being subordinate thereto. ( u Association Reports,” 1846, 
p. 125.) Upon a close inspection of the curves of the “ great wave” as 
laid down from the Greenwich observations, six subordinate maxima can 
be traced, three on each side the central apex, which in all the years is by 
far the most prominent. The mean curve leads to the conclusion that 
Greenwich is not the point of greatest symmetry , its closing portion being 
depressed more than two inches below the commencement. The next 
feature is the decided rise of the mercurial column during a period of 
sixty-eight hours preceding the transit of the crest : the value of this rise 
is *7 inch or about *010 inch per hour. The fall is not so precipitous; the 
barometer appears to be kept up in this locality by the first subordinate 
maximum succeeding the crest, so that at the epoch of sixty-eight hours 
after transit the value of the reading is more than 2 inches higher than at 
sixty-eight hours before traosit. At eighty hours after transit a precipitous 
fall commences, which continues during the next twenty-four hours, the 
mercury sinkiog *36 inch or about *015 per hour. The fail afterwards con- 
tinues with two slight interruptions, answering to the subordinate maxima, 
until the close of the wave 148 hours after transit.” The peculiar features 
of the mean curve, especially the difference between the initial and 
terminal readings, *241 inch, combined with certain features exhibited by 
the “ great wave” at its last return, has suggested the possibility of ex- 
pressing numerically the departure from symmetry for any station that 
may be selected. This departure from symmetry is strikingly manifested 
by the observations of 1846, especially as we proceed from Brussels, the 
European nodal point, towards Ireland and the north-west of Scotland, 
and is well seen in the series of curves illustrating the author’s report in 
the last volume of the “ Association Reports.” Three principal maxima, 
characterise these curves on the 5th, the Oth, and the 12th of November ; 
and the differences of altitude between those of the 5th and 12th have 
been employed to indicate the deviation from symmetry in the direction 
already alluded to. The discussion of these differences and the results 
deduced from them form the third part of the report. The author has laid 
down on a map of the British Isles these differences, and from them con- 
structed a chart of the lines of equal deviation from symmetry : these 
lines range from *100 inch — which passes north-west of the Channel 
Islands, proceeds towards the Isle of Wight, skirts the shores of Sussex 
and Kent, and passes through Ramsgate— to *550 inch, which passes 
through Limerick, is slightly curved as it crosses Ireland, and proceeds 
nearly in a straight line across the Scottish Islands to the north-west of 
Great Britain. The values of these lines express the depression of the 
maximum of the 5th below that of the 12th. Among these lines the 
author regards the direction of that representing *260 inch as the best de- 
termined. It appears to have passed near and to the west of Helstone, 
this station exhibiting a deviation of *258 inch ; it then proceeded along 
the coast of Cornwall and Devonshire, crossed the Bristol Chaonel, entered 
^ a .^ e8 ’. &n ^ con tinaed its course across Glamorganshire towards Brecon, 
which it left to the north-west as it rather abruptly changed its direction 
aod proceeded towards Gloucester, which it passed through. It appears 
to have undergone considerable inflection as it traversed the central parts of 
England, rising again towards Nottingham, which is removed *025 inch 
from it to the west : it finally left the shores of England at the south- 
eastern angle of Yorkshire and entered on the German Ocean. The 
author solicited attention to a feature which characterises all these lines, 
especially the one just traced, viz., the decided inflection they undergo as 
they pass oyer the land. The chart exhibits two systems of inflection, one 
being peculiar to Ireland and England ; the general direction of the lines 
undergoing a change as the line of greatest symmetry is approached, the 
inflection beiog governed apparently by the masses of land : and the other 
to Scotland, the inflection being very decided over the land northward of 
the Frith of Forth. From the single instance discussed by the author, the 
result appears to be that the symmetry of the barometric curve is departed 
from in a greater degree at inland stations, a greater difference between 
the points selected beiog exhibited at such stations than at the sea coast 
on either side. The report closed with some remarks on the non-per- 
sistency of the direction of these lines of deviation from symmetry, and 
on the high probability that they revolve about the nodal point of the two 
principal systems of atmospheric waves, Brussels. 


Health of Towns. 

“Report on the Air and Water of Towns,” By Dr. Smith. 

In commencing his report the author says, it has long been believed that 
the air and the water have the most important influence on our own health, 
—and superstitions have therefore constantly attached themselves to recep- 
tacles of the one and emanations of the other. The town has always 
been found to differ from the country : this general feeling is a more deci- 
sive experiment than any that can be made in a laboratory. The author 
proceeds to examine all the sources from which the air or the water can 
be contaminated. The various manufactures of large towns, the necessary 
conditions to which the inhabitants are subjected, and the deteriorating 
influences of man himself are explained. If air be passed through water 
a certain amount of the organic matter poured off from the lungs is to be 
detected in it. By continuing this experiment for three months, Dr. 
Smith detected sulphuric acid, chlorine, and a substance resembling im- 
pure albumen. These substances are constantly beiog condensed upon 
cold bodies, aod in a warm atmosphere the albuminous matter very soon 
putrifies and emits disagreeable odours. The change which this substance 
undergoes by oxidation, flic., is next examined, — and shown to give rise to 
carbonic acid, ammonia, sulphuretted hydrogen, and probably other gases. 

The ammonia, generated fortunately from the same sources as the sulphu- 
retted hydrogen, materially modifies its influences. The consequences of 
the varying pressure of the atmosphere have been observed ; and it is 
shown that the exhalations of sewers, &c., are poured out in abundance 
from every outlet when the barometric pressure is lowered. By collecting 
the moisture of a crowded room by means of cold glasses and also dew in 
the open air, it was found that one was thick, oily, and smelling of per- 
spiration, capable of decomposition and production of animalcules and 
confervas, — but the dew beautifully clear and limpid. Large quantities 
of rain-water have frequently been collected and examined by Dr. Smith ; 
and he says,— I am now satisfied that dust really comes down with the 
purest raio, and that it is simply coal ashes. No doubt this accounts for 
the quantity of sulphites and chlorides in the rain, and for the soot, which 
are the chief ingredients. The rain is also often alkaline, — arising probably 
from the ammonia of the burnt coal, which is no doubt a valuable agent 
for neutralising the snlDhuric acid so often found. The rain-water of 
Manchester is about 2£° of hardness,— harder, in fact, than the water 
from the neighbouring hills which the town intends to use. This can only 
arise from the ingredients obtained in the town atmosphere. But the most 
curious point is the fact that organic matter is never absent, although the 
rain be continued for whole days. The state of the air is closely con- 
nected with that of the water: what the air contains the water may 
absorb— what the water has dissolved or absorbed, it may give out to the 
air. 

The enormous quantity of impure matter filtering from all parts of a 
large town into its many natural aod artificial outlets, does at first view 
present us with a terrible picture of our underground sources of water. 
But when we examine the soil of a town we do not find the state of 
matters to present that exaggerated character which we might suppose. 
The sand at the Chelsea Waterworks contains only 1*48 per cent, of 
organic matter after being used for weeks. In 1827 Liebig found nitrates 
in twelve wells in Giessen, bot none in wells two or three hundred yards 
from the town. Dr. Smith has examined thirty wells in Manchester, and 
he finds nitrates in them all. Many contained a suprising quantity and 
were very nauseous. The examination of various wells in the metropolis 
showed the constant formation of nitric acid ; and in many wells an en- 
ormous quantity was detected. It was discovered that all organic matter, 
in filtrating through the soil, was very rapidly oxidized. The presence of 
the nitrates in the London water prevents the formation of any vegetable 
matter, — no vegetation can be detected, even by a microscope, after a long 
period. The Thames water has been examined from near its source to 
the metropolis, and an increasing amount of impurity detected. 

In the snmmary to this report, Dr. Smith states that the pollution of air in 
crowded rooms is really owing to organic matter and not merely carbonic 
acid, — that all the water of great towns contains organic matter, — that 
water purifies itself from organic matter in various ways, but particularly 
by converting it into nitrates, — that water can never stand long with ad- 
vantage unless on a large scale, and should bo used when collected or as 
soon as filtered. 

Steam Navigation. 

u Ga the Improvements which have been made in Steam Navigation.” 
By Mr. Scott Russell. 

The first great improvement that bad been made was in the boilers. For- 
merly, the boiler-flues were constructed of great length, so that the smoke 
was kept winding round aod round in the fines and at last was allowed to 
escape with difficulty. Now, however, they had adopted the plan of 
getting as much fire as possible in the shortest spaoe of time,— and this 
had been accomplished by imitating as nearly as they could 4he locomotive 
engine boiler, by having tubes of thin metal which would evaporate a 
much greater quantity of water in the same time as flues of the usual 
thickness ; now, also, instead of taking the smoke a long dance as in the 
old fashion, they used short flues of four to six feet in length, and by having 
a great many of as thin metal rs possible they heated the greatest quantity 
of water, and had the additional advantage of keeping the metal cool, — 
inconsequence of which a boiler of smaller extent and surface was of 
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mock greater efficiency with leu weight of metal. The sexlpointetlfb- 
provtment was la the engine ; io the construction of whicbv however, 
there had been leu change than io other matters. The former beam-eegtoe 
had been changed for the dweet-action engine, which was of various kinds ; 
but the greatest change which had been made within the last ten years 
consisted in the employment of greater quantities of wrought-iron in the 
construction of the engines, instead of the mass of east-iron formerly need. 
This was the only great change,—- for the newest Halifax steamers were 
still fitted up with the old-fashioned or lever-engines. The next improve- 
ment consisted in working steam expansively to a moch greater extent 
than heretofore. It was only within the last ten years that they had 
adopted this principle : the effect of which was that instead of completely 
filling the cylinder with steam, they filled only to the extent of one-fourth 
— a volume of steam not of coarse of equal density, hot by which they 
got two-thirds of the work done and at one-fourth of the cost The next 
improvement had been made in the paddle ; not so much, perhaps, in the 
wheel itself— for he was still inclined in favour of the old paddle-wheel, 
although for short voyages he admitted the advantage of the feathering 
paddle-wheel which had been advocated by Mr. Price at their Mating 
some years ago, and he had then opposed him but of thia by-apfM>j» 
Another great improvement which had been made was the driving the 
paddle-wheels faster. They had ao old maxim which was, whei$as a 
good old horse going 2} miles an hour could not draw advantageously, at 
more than 220 feet per minute, and that as Jhe steam-engine wa9 on(y n 
subatitote for horses, and reckoned as so much horse-power, it ot^^t not, 
to go fester that) 2$ miles "per hout— and this one thing hadkept thetn bafk 
forbaifa century. He did not (neap that the reanTt should nolbe faster tpan 
2} miles per hour, hot that the piston should not rise up and down in thy 
cylinder fester than 2$ nrites an hoar, which' was only fobr Yiet \\lii a 
second, white the motion Of Steam 'hf Iff lb. was 1,100 feet In a second. 
Fortunately, however, this old maxim bad heen abandoned, and the pistpn 
now moved from 260 or 270 to WO feet in a minute. For this improvement 
they were indebted to no new prineiple, but to the application of mathematical 
principles of science. He now came tn another great improvement, which 
was the change in the formation of steamboats, which had been radical — 
he roeaot the entire alteration of the form of the ships. A few years ago 
steam-vessels which woold go ten or twelve miles an hour were deemed 
fast ships ; now, however, we had attained a much higher rate of speed. 
Vessels were then built on the old-fashioned principle that the water-line 
should be nearly straight, and that the run of the vessel should be a fine 
line, and that there should never be a hollow line, except a little in the run 
of the ship, but that there most certainly should not be any hollow line in 
the bow, for there the water-line should be straight or a little convex. 
Researches and inquiries were, however, made by a Committee of the 
British Association as to the form which would enable the vessel to go 
fastest through the water. These inquiries lasted for years, aod they es- 
tablished, by a series of experiments, a set of very ourious facts. For- 
merly, every builder of ships bad bis notion of proportion ; some that the 
length should be four times the breadth— others that it should bo 4} or 5, 
—and some went as far as to say that the length should bo six times the 
breadth, but these were deemed innovations ; so that although the propor- 
tions of width as compared with breadth were said to be fixed ones, yet 
strangely enough every one differed as to those proportions. Another 
question was what part of the vessel should have the greatest width, and 
it was generally thought that the greatest width should be nearest the bow. 
Some daring persons had, however, put it back as far as the ceotre of the 
ship. This was, however, the exception, and not the rule. Then there 
was another great principle, which was that the bow and stern should 
exactly balance each other, — that is, that the vessel should be equally 
balanced; but the new rules which the British Association had established 
were as follows They began by upsetting the old rale with respect te the 
proportions which the length should bear to the breadth, finding that the 
greater the speed required the greater should be the length, and that the 
vessel should be built merely of the breadth necessary to enable the 
engines to be put io, aod to stow the requisite cargo. Then the second 
great improvement made by them was that the greatest width of water- 
line, instead of being before the middle, should be abaft the middle of the 
vessel, and in fact two-fifths from the stern, aod three-fifths from the bow. 
The next great improvement was that, instead of having the bow broad 
and bluff, or a cod’s- head bow, for this purpose of rising over the wave, 
you might have hollow water-liaes, or what were called wave lines from 
their particular form, and with that form the vessel would be propelled 
with less power and greater velocity,— and also that instead of keeping to 
the old fine run abaft and cutting it away you might with great advantage 
have a fuller line abaft, provided it was fine under the water. Thus by 
these improvements the form of the old vessel was pretty nearly reversed, 
to the great annoyance of the old school, and the steamers were given 
large and commodious cabins and after-holds, instead of having cabins so 
pinched in -that yon could hardly stand in them. Another heresy intro- 
duced by tbe British Association was. that of the principle as to the 
balance of tbe stern and tbe bow opon which they now rested ; but which 
was founded in a most singular error, for they left out something which 
was very material. They concluded that tbe wave acted equally on both 
ends of the vessel in striking it; but they did not take into consideration 
the impossibility of this when a vessel was moving, not having taken into 
calculation the velocity of the wave or of the vessel, and that from this 
circumstance the concussion from a wave strikiug the bow would be a 
most powerful one, while it could not be so with regard to the stern, be- 


• oaufctt ff f&e velbefty of the ware meeting it was fifteen miles, the shock ’ 

• would be as of thirty miles ; and, therefore, it became most plain that the 
bow’ Would give the greatest resistance to tbe wave. He had examined 
all the festeStateamers which had accomplished from fifteen to seventeen miles' 
an hbor— add In smooth water eighteen miles an hour; and he would 
venture to state that there was not one of them which accomplished fifteen 
to seventeen miles an boor, which had not all these alterations in every 
particular, and that tbe wave form aad wave principle were now adopted 
by all the great steam-ship builders, and that all tbe fast steamboats had 
what was called the wave-bow. Now, of the eight boats on the Holy- 
bead and Dublin stations, if examined, it would be found that all of them 
were built on these principles, although in some of them there was still 
left a little of the old principle, some of the boats being made a little 
fuller and more straight ; and if any one would look at one of these boats, 
it would be perceived that tbe moment tbey moved the very wave itself 
rebelled against them and broke against their bows, — and that conse- 
quently these were slower than any of the class ; and be gave the details 
of their construction, — fbr which we have not space. All of them were . 

. examples of the value of tbe form and the principles which the British 
Association had advocated and introduced at a very early period in its 
, history. 

Mr. J. Taylor stated, that as Treasurer of the Association, be could 

• bear witness to the value of the efforts of tbe Association in this direc-. 
tion ; and he felt bound injustice to state that the credit Mr. Russell bad 
given to the Association was chiefly due to himself, as the individual who, 
with the late Sir J. Robinson, had couducted the investigations on this 
subject. 


“ On Common Salt at a Poison to Plants.** By W. B, Randall. 

Tbe following notice is presented as being likely to afford a useful 
practical caution to those interested in the cultivation of plaote. lathe 
month of September last, three or four small plants in pots wet* shown te 
tbe writer, nearly or qnite dead ; and he was, at tbe same time, informed 
that tbeir destruction was a complete mystery to tbe party to whom they ■ 
belonged, and that Dr. Lindley bad expressed his opinion, from the 
examination of a portion of one sent to him, that they were poisoned. 
Having searched in vain for any strong poison in the soil, and in tbe plants 
themselves, he inquired more minutely. into the circumstances of the case,* 
aod found that these were only specimens of many hundreds of plaote 
both in the open air aod io green-houses (but all in pots) which exhibited, 
io a greater or less degree, the same characteristics. The roots were com- 
pletely rotten, so as to be easily crumbled between the fingers ; tbe stems, 
even in young plants, assumed the appearance of old wood ; tbe leaves 
became brown, first at tbe point, then round the edge, and afterwards all 
over ; while the whole plant drooped and died. At least, 2,000 cuttings 
in various stages of progress, aod 1,000 strong, healthy plants had been 
reduced to this condition ; including different varieties of the fir, cedar, 
geranium, fuchsia, rose, jasmine, and heath. The sight of this wholesale 
destruction, coupled with the fact that the whole were daily watered from 
one particular source, suggested the conclusion that the cause of the evil 
most reside in the water thus used ; aod this was accordingly examioed. 
It yielded the following constituents, making in each imperial pint of 20 
fluid ounces, nearly 9} grains of solid matter entirely saline, without any 
organic admixture : — 


Carbonate of lime 



.. 0-600 

Sulphate of lime 


.. 

0-462 

Chloride of calcium 



0*200 

Chloride of magnesium 

Chloride of sodium 



1-262 


•• 

6-906 

9-4*0 


Tbe mould around the plants aod an effusion of the dead stems and 
leaves also afforded abundant evidence of tbe presence of much chloride of 
sodium. Further inquiry showed that tbe well from which the water was 
procured had an accidental communication, by means of a drain, with the 
sea ; and had thus become mixed with the salt water from that source, 
aod had been used in this state, for some weeks, probably from two to 
three months. From about that time the plants had been observed to 
droop ; bat it was not until nearly tbe whole of a valuable stock bad been 
destroyed, that any extraordinary cause of tbe evH was suspected. To 
place it beyood doubt that the water was really the cause of tbe mischief, 
twelve healthy fuchsias were procured from a distance and divided into 
two parts ; half being watered morning and evening with tbe water in 
question, and tbe others with rein water. Iu a week, tbe six plants 
watered from tbe well had turned brown, aod ultimately died, while all 
the rest remained perfectly flourishing. Assuming from these facts, that 1 
the common salt in this water was the chief cause of tbe results described, 
it is proved that water containing about seven graios of salt io each piut; 
is, in its continued use, an effectual poison to tbe weaker forms of vegetal > 
tion ; or that when a soil is continually watered with a weak solution of 
salt it gradually accumulates in it until tbe soil becomes sufficiently con- 
taminated to be unfit to support vegetable life. In either case an inter* 
esting subject of inquiry is suggested — What is the weakest solution of - 
salt which can produce te any measure this poisonous effect*— or, in v 
other words, at what degree of dilution does the danger cease* For salt 
is an important natural constituent of much spring water, quite indepen- 
dent of any infiltration from the sea, as in this instance. Thus:— the 
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water of the artesian well, Trafalgar-square, London, contains in each 
gallon about 20 grains : that at Combe and Delafield’s Brewery. 12 7 ; 
that at Wolverhampton Railway Station 0 ; one lately sank at Southamp- 
ton, for supplying a private manufactory, 40. May it not be asked, 
whether the subject of the suitableness of waters in general for the 
various purposes to which they are applied — be it in manufactories or for 
steam-engines, domestic purposes or drinking — is not worthy of a greater 
share of scientihc attention than it has hitherto commandtd ? 


Geology or South Wales. 

On the Geology of Portions of South Wales , Gloucestershire , and Somer- 
setshire . By Sir H. T. De la Bechb. 

The rocks of this district have originated in several distinct ways: some 
have had a mechanical origin, and consist of the detritus of older rocks 
broken into fragments or reduced to powder, and brought down from the 
land by rivers, or worn by the breakers from the coast ; others have been 
deposited from a state of chemical solution, like some of the limestones ; 
and some have been formed almost entirely from the aggregation of organic 
remains. The materials obtained from the destruction of the older rocks 
have been employed over and over again in the formation of those of later 
date. 

1. The roost ancient strata of the district have been denominated Cam- 
brian and Silurian : the former may be seen in Pembrokeshire, towards St. 
David’s. They contain the earliest fossil remains which have been dis- 
covered. Numerous volcanoes appear to have been active at this period, 
ejecting quantities of ashes which, falling into the sea, entombed the ani- 
mals living on its bed. Even at this early period there may be discovered 
indications of portions of the sea’s bed having been upheaved ao as to 
form dry land or islands. Subsequently a depression took place, and an 
accumulation of sand was spread over the whole, constituting what is called 
the Caradoc sandstone. After many thousands of feet of materials had 
thus been accumulated and become consolidated, another contortion and 
folding of the strata took place, followed by a change in the nature of the 
materials deposited in the sea. 

2. The second series of deposits constitute the Old Red Sandstone, which 
consists mostly of detrital matter, but contains occasional beds of impure 
limestone ( com » tone ), and in its lower part there is a great thickness of 
marl, also coloured red by per-oxide of iron, and occasionally streaked with 
blue and green where the iron has been reduced to a lower state of oxida- 
tion by the presence of decomposing vegetable matter. The upper beds 
consist of coarse sand and gravel cemented together and forming a hard 
conglomerate; the multitude of quartz pebbles, derived from veins, indicates 
an immense destruction of older rocks. No fossils are found in this forma- 
ion, because sands are always barren, and per-oxide of iron is fatal to ani- 
mal life when it exists in excess ; but in the comstones a few remarkable 
fishes ( Cephalaspis , 8fc.) have been obtained. These rocks appear to have 
been formed near a coast, whilst at a small distance in Cornwall and Devon 
the sea was depositing fine sediment, Was free from the injurious per-oxide, 
and abounded in organic life. The Old Red Sandstone is sometimes con- 
formable to the underlying Silurian rocks, — at others unconformable; and 
in the Valley of the Towy it begins to overlap the Upper Silurian and rest 
upon the Lower Silurian rocks ; further west, it is itself overlapped by the 
coal-measures which there rest on the Silurians. 

3. After this another great change took place, and the sea deposited car- 
bonate of lime, forming the carboniferous limestone, well shown on the 
coast of Pembrokeshire. The lower part of this series consists of sand- 
stones and shale, in which the remains of fishes occur in abundance. Mol- 
lusca also appear ; and soon the abundance of organic remains becomes so 
great that whole strata are formed of their remains : indeed, the carbonate 
of lime seems to have been chiefly produced by the agency of animal life. 
This limestone, which is sometimes 2,000 feet thick, dwindles to 70 or 80 
feet towards Haverfordwest, and does not appear to have extended far to 
the north. Here a change of mineral character takes place in the coal- 
measures, originally consisting of mud, sand, gravel, and accumulations of 
vegetable matter. The lowest division, millstone grit or farewell rock, is 
usually a white quartzose sand, but sometimes a calcareous mudstone with 
organic remains, the equivalent of the culm of Devon. Above this were 
formed beds of mud and sand, with occasional beds of vegetable matter and 
carbonate of iron; these beds diminish in thickness from Merthyr Tydvil to 
Pont-y-pool ; and are wanting in Dean Forest, but exist in the Bristol field. 
With respect to the origin of the coal in this district, there is evidence that 
it originated in accumulations of vegetable matter which grew on the spot . 
The conditions under which the beds of coal occur have been described 
minutely by Mr. Logan ; under each coal seam is a bed of sandy clay, full 
of the fossil plants known as Stigmaria, and which Mr. Binney has shown 
to be the roots of another plant, the Sigillaria , equally abundant in the coal, 
which must have grown io swamps near the sea. After each great accumu- 
lation of vegetable matter, the land seems to have subsided, and the sea 
flowed in, bringing sand and mud and marine shells ; again marshes were 
formed and fresh accumulation of peat and plants, to be in turn covered by 
silt from the sea. Evidence of the local origin of the coal is also afforded 
by the frequent occurrence of fossil trees with their trunks erect and their 
roots spreading out in the clay below ; several of these trees, each 14 or 15 
feet high, were discovered it the head of the Taw Valley ; the outside of 


their trunks appears to have been originally hard and to have resisted the 
action of water for some time, but their interior was soft and soon became 
hollow and filled with mud, which is regularly stratified ; the sandstone on 
the outside of the trees also bears traces of the rippling of the water around 
them. The iron ore of the district occurs in the form of nodules of argil- 
laceous ironstone, lying in courses ; the cracks in these nodules being filled 
with carbonate of iron just as those in the cement-stones ( septaria ) of the 
lias are filled with carbonate of lime. One of the phenomena of the coal dis- 
trict is the occurrence of cracks, attended with the displacement of the 
beds on either side ; these faults are numerous, and amount in one instance 
to 2,400 feet; the cracks are sometimes wide, whilst at others the sides are 
in close contact. Many of the faults appear to have been formed before the 
deposit of the magnesian conglomerate ; but others appear to have been 
formed at almost every subsequent period. In some instances beds of coal 
seem to have been partially washed away before the accumulation of the 
succeeding bed, giving rise to spurious faults, such as that called the 
“ Horse” in the Forest of Dean. 

4. At the conclusion of the coal period, all the existing rocks appear to 
have been squeezed and contorted not only in Britain, but over a great part 
of Europe, a new deposit of detrital matter began to be formed, similar to 
those before the coal period, and called by way of distinction the New Red 
Sandstone. Where this formation approaches the older rocks it puts on the 
appearance of a shingle bed, in which the detritus of the older rocks is ce- 
mented together by carbonate of lime and magnesia, hence termed the mag- 
nesian conglomerate. These fossil beaches are thickest on the south-west 
and west flanks of the Mendip and other hills, indicating an open ocean 
and prevalent winds in that directron. In the red sandstone and marls 
formed at the same time, but further from the coast, there are no traces of 
animal life ; but as the red stain disappears from the rocks, towards the 
conclusion of the period, remains of fishes and shells appear. 

5. Further subsidences took place ; the sea, now freed from the per- 
oxide of iron, swarmed with animals of extraordinary form and structure. 
We still trace its boundaries in Glamorganshire and the Mendips by beds of 
rolled pebbles from the subjacent rocks, and close to these sheltering coasts 
the remains of marine saurians abound in the consolidated mud and lime- 
stone (Lias), along with the bones of the flying Pterodactyle. Somewhat 
later, great beds of oolitic limestone were accumulated in the sea, which 
now constitute the Cotteswold Hills and their extension to Bath and Dorset- 
shire. 

6. No further history is afforded by this district until comparatively mo- 
ern times, when we find evidence of subsidence beneath the sea and of 

agencies by which the present form of the surface was accomplished. The 
present land must have been at least 1,500 feet lower ; and, therefore, nearly 
all under the sea. There is also evidence that the climate became cold, that 
there were glaciers in the mountains of North Wales and icebergs floating 
round the shores, carrying blocks of stone and gravel and presenting all the 
phenomena of polar regions. The sea also accumulated beds of clay, in 
which the few existing shells are of Arctic character. Still later, the land 
must have risen again above the sea to ao elevation greater than it now has, 
for we find submarine fbrests fringing all the shores of Europe from Spain 
to Norway. Of this, one of the best examples occurs in Swansea Bay, 
where the stumps of oak and alder may be seen at low water, 20 or 30 feet 
lower than they could have grown. 

14 On the Relative Position qf the various Qualities qf Coal in the South 
Wales Coalfield By S. Benson, Esq. 

The coal is of three kinds : 1. bituminous, the small of which will coke ; 
2. free-burning, the small of which will not coke, but which burns 
with great rapidity and a considerable volume of flame ; 3. anthracite or 
stone coal. These three pass into one another imperceptibly ; the same 
vein of coal changing gradually from bituminous to free- burning, and from 
this to anthracite. 

1. The coal beds which crop out on the south side of the basin are highly 
bituminous, becoming less so towards the north. The five-foot vein, exten- 
sively worked near Swansea on the sooth rise, is highly bituminous, — on the 
north rise, within a distance of two miles, it becomes free-burning. The 
various beds also differ considerably in their bituminous qualities and com- 
mercial value. 

2. The free-burning coals occupy a tract running north-east and south- 
west through the centre of the coal-field. Those which are intermediate 
between the free-burning and bituminous are perhaps better adapted than 
any for smelting purposes, — and in the neighbourhood of Merthyr form the 
chief supply for the blast furnace, being either used raw or the large only 
being coked in the open air. The pure free-burning coals are less adapted 
for smelting, but are preferred for steamers from their readiness of combus- 
tion and the absence of clinkers in the grate. Free-burning coals are 
admitted to government contracts from the following places : Llangennech, 
Camerons, Graigola, Brindowey, Resolven, and Aberdare. 

3. The northern side of the basin is occupied by the anthracite, which 
graduates through the various 44 culms” into the free-burning coal. In 
Pembrokeshire the coal is all anthracite. Taking the area of the Glamorgan- 
shire coal-field at 750 square miles, it is estimated that -f£ths of this area is 
occupied by bituminous and free-burning coals, and the remainder by culm 
and anthracite. It appears that the beds of coal on the south crop lose 
their bituminous qualities gradually as they dip to the north ; so that if on 
a section lines are drawn to show the boundaries of the qualities of coal 
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they will not be vertical but inclined to the north. If the change in the 
quality of the coal it attributed to the influence of subterranean heat, then 
the inclination of these lines will serve to point out the direction from which 
that heat acted, namely, from the north-west of the coal* field. 

Mr. Bookbr, being called on by the President for some statistical informa- 
tion, stated that there were 159 blast furnaces in the district employed in 
smelting iron, and that 550,000 tons of iron were annually manufactured. 
The coal raised in the district was employed as follows : — 

1.500.000 tons annually In the manufacture of Iron. 

200.000 „ „ „ „ copper. 

150.000 „ „ „ „ tin. 

750.000 ,i employed in domestic purposes and in agriculture. 

1.750.000 „ exported. 

4.850.000 tens per annum. 

At this rate, and supposing the coal to eiist only over 100 square miles, 
there was sufficient for 1,400 years to come. The value of the exports from 
the district, consisting of iron,&c., in a state of rough manufacture, amounted 
to 4,000,000/. a year. 

“ On the Submergence qf Ancient Land in Wales ; the Accumulation qf 
newer Strata around and above it ; and the Re appearance qf the same Land 
by Elevation and Denudation .” By Professor A. C. Ramsay. 

This communication was illustrated by a section, on a true scale, of the 
rocks near Buillh, in Radnorshire, where the Wenlock shales rest uncon- 
formably on the Llandeilo flags. The lower rocks must have been elevated 
previously to the formation of the upper, and their upturned edges must 
have been worn away by the aea when the upper rocks were deposited or 
previously. No power is known to exist far below the level of the sea, by 
which this proeess could have been effected ; it roust have taken place at 
the sea’s level. Throughout Wales the Lower Silurian rocks appear to have 
been disturbed at one particular period, to have been heaved above water 
and formed a coast, around which the succeeding rocks were accumulated. 
Near Bishop’s Castle the upheaval of the Llandeilo flags was followed by the 
deposition of the Caradoc sandstone, which is full of pebbles of the older 
rocks. After this a subsidence appears to have taken place, the area of the 
aea was increased, and the Wenlock shale was deposited not only over the 
Caradoc sandstone, but beyond it, as at Builth, upon the Llandeilo flags ; 
and in some places the shale rests on greenstone rocks and certain pebbles 
from it, being in fact a gravelly sea bottom. This depression of the bed of 
the sea continued also during the deposition of the Ludiow rocks, which are 
conformable to the Wenlock sbale ; and there ia no marked alteration in the 
organic remains of the two rocks. The Wenlock shale is 1,500 feet thick, 
and the Ludlow rocks 3,500 feet ; and as it ia certain that their organic 
remains could not have existed at the depth of 5,000 feet, we mast suppose 
a gradual subsidence of the area, such as it believed to be now taking place 
amongst some of the coral islands, until 5,000 feet of rocks was accumulated 
over what had been dry land. The old red sandstone, which has a maximum 
thickness of 8,000 feet, appears also to have extended over this country, 
judging by the outliers, at a considerable distance to the north and west. 
Subsequently, tbe whole of this series, from the Caradoc sandstone upwards, 
was removed, aud the ancient Silurian strata became the surface of dry land 
as they had been so long before. It now became a question, what amount 
of alteration may the Silurian rocks have undergone during the time they 
were so covered up ? If the same laws regulated the ascent of tbe internal 
temperature as at present, namely, 1° for every 54 feet, then the addition of 
5,000 feet of rock would have raised the temperature by 92°, whilst 9,000 
feet would have added 160°, and with 11,000 of superincumbent strata the 
Lower Silurian rocks must have endured an increased temperature of 212°. 
To influences of this kind may, perhaps, be attributed the crystalline or 
metamorphic condition of some of the more ancient rocks, — as suggested by 
Sir J. Ilerschel, in a paper communicated years ago to the Geological Society 
of London. 

The Dean of Westminster referred to tbe Portland rock, in which a 
bed of vegetable soil occurs, full of trunks of trees, and cycadites ; this bed 
rests on limestone containing ammonites, and is covered by similar marine 
deposits. Again in the Weald, fossil forests and beds of freshwater shells 
are found above marine accumulations, and followed by the greensand and 
chalk. At the present time we find peats, and sutlers of tbe red deer, in 
the bed of the Channel, several miles off Swansea. On tbe Norfolk coast, 
and in the English Channel, are found the bonea of the elephant, and fossil 
wood, disinterred from former cliffs by tbe action of the aea. These, with 
many other circumstances, were quoted as showing that whilst the sea-level 
was fixed, the land had suffered depressions and elevations at many periods 
of time. 

Professor Phillips pointed out the extent of some of these subsidences 
of the land ; for example, the old red sandstone, 8,000 feet thick, all formed 
in shallow water, and the coal measures 11,000 feet thick, and added under 
similar circumstances : and inquired what condition of the interior of the 
earth can have admitted of the gradual subsidence of such great masses of 
strata ? According to Mr. Hopkins’s statement, it was improbable that the 
interior would now admit of it. With respect to tbe augmentation of tem- 
perature which would follow on the addition of several thousand feet of 
strata, at should be remembered that tbe communication of beat from below, 
through such rocks, was remarkably slow ; and the law of the distribution 
of internal temperature could not be assumed the same in ancient as in 


modern times. As to the level of the sea remaining unchanged, this was 
only assumed for security in geological reasoning ; there was evidence in the 
Malverns of a sea-level 600 feet above the present, hut it was impossible to 
say whether that ancient level was nearer tbe centre of the earth when 
formed than now. 

Coast Levels. — Lieut.. Col. Portlock communicated some observations on 
apparent changes in the level of the coast near Portsmouth, and contended 
that, as these evidences of subsidence could be traced back to the roost 
ancient times, so they had continued up to the present day, and expressed 
his conviction that a parallel might be found in existing nature to all the 
phenomena of ancient times. It appears that Fort Cumberland, near Ports- 
mouth, stands on a bank of gravel and sand, and that owing to some new 
wall made to protect it from the sea, a fresh direction was given to the tide, 
and a portion of the bank undermined and washed away, in the course of 
which a thick plank with a bolt was discovered, showing that the basis of the 
foi t had no great antiquity. An artesian well has also been made to supply 
Blockhouse Fort, which shows, for the first 60 feet nothing but clean 
shingle, and then a layer of sandy clay, full of common oyster-sbells. 

“ On the Chemical Character of Steel. 1 * By Mr. Nasmyth. 

Were we to assume, as our standard of the importance of any investiga- 
tion, the relation which the subject of it bears to the progress of civilization, 
there is no one which would reach higher than that which refers to the 
subject of steel : seeing that it is to our possession of the art of producing 
that inestimable material that we owe nearly the whole of the arts. ] am 
desirous of contributing a few ideas on the subject, with a view to our 
arriving at more distinct knowledge as to what (in a chemical sense) steel is, 
and so lay the true basis for improvement in the process of its manufacture. 
It may be proper to name that steel is formed by surrounding bars of wrought 
iron with charcoal placed in fire-brick troughs, from which air it excluded, 
and keeping the iron bars and charcoal in contact, and at a full red heal for 
several days ; at the end of which time the iron bars are found to be con- 
verted into steel. What is the nature of the change which the iron ha« 
undergone we have no certain knowledge ; the ordinary explanation is, that 
the iron has absorbed and combined with a portion of tbe charcoal or 
carbon, and haa in consequence been converted into a carburet of iron. But 
it has ever been a mystery that on analysis, so very minute and questionable 
a portion of carbon is exhibited. It appears that the grand error in the 
above view of the subject consists in our not duly understanding the nature 
of tbe change which carbon undergoes in its combination with iron in tbe 
formation of steel. Those who are familiar with the process of tbe conver- 
sion of iron into steel, must have observed the remarkable change in tbe 
outward aspect of the bars of iron, after their conversion — namely, that they 
are covered with blisters. These blisters indicate the evolution of a very 
elastic gas, which is set free from the carbon in the act of its combination 
with the iron. I have the strongest reasons to tbink that these blisters are 
tbe result of the decomposition of the carbon ; whose metallic base enters 
into union with irou, and forms with it, an alloy , while the other component 
element of the carbon is given forth, and so produces in its escape tbe 
blisters in question. On this assumption we come to a very interesting 
question — What is the nature of this gas ? In order to examine this, all 
that is requisite is to fill a wrought-iron retort with a mixture of pure carbon 
and iron filings, subject it to a long-continued red heat, and receive tbe 
evolved gas over mercury. Having obtained the gas in question in this 
manner, then permit a piece of polished steel to come in contact with this 
gas, and in all probability we shall then have reproduced on the surface of 
the steel a coat of carbon resulting from the re- union of its two elements, 
namely, that of the metallic base of the carbon then existing in the steel, 
with the, as yet, unknown gas ; thus synthetically, as well as by analytic pro- 
cess, eliminating the true nature of steel, and that of the elements or com- 
ponenta of carbon. 

44 On Hydraulic Pressure Engines.” By Mr. J. Glyn. 

This paper described tbe mode of employing the power of waterfalls in 
a most useful and important manner — too long neglected in this country, 
considering the advantages it affords in hilly districts for tbe drainage of 
mines. Mr. Glyn brought under their notice tbe means of employing high 
falls of water to produce a reciprocating motion by means of a pressure- 
engine.” The pressure-engine acted by the power of a descending column 
of water upon the piston of a cylinder to give motion to pumps for 
raising water to a different level, or to produce a reciprocating motion for 
other purposes. The pressure-eugine was calculated to give great me- 
chanical effect in cases where waterfalls may be found of much too great 
a height and too small a quantity to be practically brought to bear in a 
sufficient degree on water-wheels within the ordinary limits of diameter. 
The author produced instances of the desired pressure-engine, one of 
which was constructed about forty years ago in Derbyshire — and which 
he believed was still at work in Alport Mines, to which it was removed 
from its original situation. The cylinder was, he believed, 30 inches in 
diameter. In 1841 Mr. John Taylor advised the application of another 
and more powerful engiue at the Alport Miues, which was made under his 
(Mr. Glyn’s) direction at the Butterley Ironworks in Derbyshire. This 
was the most powerful engine that had been made. The cylinder was 50 
inches in diameter, and the stroke 10 feet. It was worked by a column of 
water of 132 feet in height, so that the proportion of power to act on it 
was as the area of a piston to that of the plunger— namely, 1,963 to 1,385/ 
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or fully 70 per cent. Tbe superintendent of the machinery assured him 
lhat the engine had never cost them £12 a-year since it was erected. Its 
usual speed was about 5 strokes per minute ; but it was capable of work- 
ing at 7 strokes per minute without any concussion in the descending 
column, the duty actually done being equal to 163 horse-power: — Area of 
plunger 9*621 feet X 10 feet x 7strokes= 673*41. 673*41 X 02*5 x 132 = 
= 162 horse-power. The author concluded by remarking that, 
in this case as in all others when water acts by its gravity or pressure, 
those machines do the best work when the water enters the machine 
without shock or impulse and quits it without velocity. They thereby 
obtain all the available power that the water will yield with the least loss 
of effect; and this result is best accomplished by making the pipes and 
passages of sufficient and ample size to prevent acceleration of the hydro- 
static column. 

“ Analysis of Wrought-Iron produced by Cementation from Cast-Iron 
By Professor Miller. 

It is to be noticed that considerable change in the specific gravity oc- 
curred in the iron after cementation : it was forged, and then found to 
have increased in density ; the brittle iron had a specific gravity of 7*684, 
the malleable 7*718. The results of analysis were briefly these ' The 
quantity both of carbon and silicon are materially diminished by the 
cementation, though still the proportion of both is materially greater thau 
in good bar-iron. It also appears that the portion of carbon which is in- 
soluble in acids is partly the same both before and after the iron has bren 
rendered malleable, the diminution being confined almost to that portion 
of carbon which was chemically combined with the metal, and which, 
therefore, would be in a state for propagation through the mass more 
readily by cementation. 

‘* On the Drainage of a Portion ttf Chat -Moss. 9 * By G. W. Ormkrod. 

The surface of the moss varies from 80 feet to 100 feet above the sea 
level ; its bottom at the deepest part is 100 feet below the sea line. Part 
of this moss is now being laid dry by means of open drains, under tbe 
directions of Mr. Ormerod. After cutting the drains, the level of the peat 
falls rapidly ; near tbe main leader it sank perpendicularly 5 ft. 6 in. iu 
nine months, and in one part 2 ft. 6 in. in a single week. 

“ Extraction of Silver from some of its Ores by the Wet Way t with a 
Notice of a Process as a Substitute for that of Liquation .” Communicated 
by Dr. Percy. 

This communication proposes to treat silver ores with hyposulphate of 
lime and chloride of lime; and from experiments detailed by Dr. Percy 
there appears every reason to believe that these substances may be em- 
ployed economically, and both gold and silver extracted by an easy and 
effective method. A process as a substitute for t licit of liquation was also 
suggested. Mr. Hunt proposed, from the importance in a practical point 
of this communication, that it be primed entire in the volume of Transac- 
tions. Col. Yorke seconded this proposition ; and it was adopted. 

“ A new Hydrographic Map of the British Isles 9 * by Herr Peter mann, 
was exhibited. 

On this map about 1,550 rivers are distinguished by names, 480 lakes 
and ponds, and 40 waterfulls ; the canals with their altitude, as well as 
that of the rivers and lakes, and the great drains in the feu districts It 
was stated that there were 20 rivers in Knglaiid, 10 in Scotland, aud 10 in 
Ireland, each draining 500 square miles aud upwards. Of these — 

18 drain an area each ™ 500 to 1 000 square miles. 

14 „ — l, (SMI „ 2.000 „ 

8 „ ~ 9,00 ) „ 10. 000 „ 

These last eight are — The 


Humber (including Trent and Ouse) to Spam Point 9,550 

Severn (to Flat Holmes) 8.580 

Shannon (to Lo »p Heart and Kerry Head) .. .. 6.946 

Thames (including Medway to Nore Light 6,100 

Barrow 3.4 10 

Great Ouse 2.960 

Bann 2.345 

Tay, as far as Rhynd . . 2,250 


The river Amazon drains a tract of 2,275.000 Bquare miles. 

“ On a New Element of Mechanism** By Mr. R. Roberts. 

The writer explained the construction of a contrivance by which he 
effected in a very simple manner movements for which more complicated 
mechanism was frequently employed. The model consisted of a steel 
stock-shaft, on which were fitted two brass discs in such a way as to be 
kept steady. One of the discs had eleven teeth rounded at the top and 
bottom in its circumference, and was placed on the body of the shaft. 
The other disc, which was rather the larger, was in the eccentric position 
of the shaft, with its face to that of the toothed disc. The plain disc had 
four studs rivetted into it at equal distances from each other und at such 
oistances as to admit of their being brought successively, by the revolution 
of the eccentric, to the bottom of the hollows io the toothed disc. 'I he 
following movements may be effected by this model viz., if the shaft 
be held stationary and the discs be made to revolve upon it, one of the 
discs will make twelve revolutions whilst the other ouly makes eleven. 
Again, if the toothed disc be held whilst the shaft be made to revolve 
twelve times, the plain disc will revolve, in the same dirrclion, one revolu- 
tion only ; and if the plaiu disc be held, the toothed disc will perform one 


revolution in the contrary direction, for eleven revolutions of the shaft. It 
would be evident that almost any other number of revolutions may be pio- 
duced by employing a smaller number of studs, not fewer than three, which 
will not divide the number of teeth in that disc. The idea of this novel 
element in mechanics was suggested to Mr. Roberts by a dial movement 
in an American clock. 


MINTS.* 

The subject of mints is one on which there is little printed, but 
Major Smith, of Madras, has brought out a considerable book. This 
work is mostly directed to the subject of mint accounts, but with 
this object a close investigation is necessary into the processes 
affecting the condition of the precious metals in the operation of 
coining, and this may be found of interest. Major Smith s great 

S urpose is to establish that no loss of value of gola or silver can or 
oes take place in coining, and that there is therefore no difficulty, 
under a proper system of management, of providing an adequate 
check. He says — 

We consider it beyond doubt, judging from the results of actual experi- 
ence, that there ought to be no loss whatever by the process of conversion, 
iu any of the Indian Mints; on the contrary, as we have elsewhere ex- 
plained, there ought to be a small surplus in the out-turn. In the discus- 
sion, therefore, of the duties and responsibilities of the different officers 
of the establishment, we shall consider this as beiog admitted, because 
our object is to determine what the requisite checks are to insure the busi- 
ness being properly executed ; not what may suffice if it be imperfectly 
done, or slurred over. 

Before proceeding, however, it may be advisable that we should first 
notice aod obviate a misconception which has been suggested to us in 
reference to the above assertion, as it strikes at the very root of all. the 
benefit of the important principle involved in it. It has been said, that it 
may be very true there ought to be no waste, or even a slight surplus io 
the re-delivery of tbe precious metal entrusted to a Mint, provided it were 
possible to extract all tbe particles from the mass of refuse wherein they 
are buried ; that by pushing the recoveries to an extreme length, in da- 
fiance of all real economy, it may be in fact possible to exhibit a trifling 
over plus, though tbe cost of the extraction of the last particles may have 
far exceeded the value of the metal ; but that unless this reckless contempt 
of true economy be systematically persevered in, as it is clear that a cer- 
tain amouut of buliiou must, of necessity, be allowed to remain untouched, 
ou account of the expense of extraction, a waste must be unavoidable ; so 
that however true in theory, it must be a fallacy io practice to say, that 
there ought to be a nett surplus of delivery, and an actual bond fide excess. 
This argument is, however, based upon a misapprehension of the truth it 
is intended to oppose, for the assertion is not, that there should be no 
metal not recovered, but that there should be no metal lost whose existence 
could not be proved, aod its value recovered, if necessary. Further, that 
as a mailer of actual practice, there ought to be a nett surplus of delivery, 
including the panicles in the drosses, whether they be recovered therefrom 
or whether they be not, which is totally immaterial to the question ; to 
which it may be added, that this excess ought to be so much larger than 
the value of all the particles which are not extracted from the refuse, that 
even taking the matter in the sense in which it is viewed in the objection, 
the assertion still remains practically true. 

The principle and the practice we contend for is, that the out-tnrn of a 
Mint in coins, bullion, and drosses, ought to be exactly estimated, and 
compared with its receipts ; and we affirm that if this be correctly done, 
and the duties of the Mint have been strictly aud faithfully performed 
throughout, the former ought to exceed the latter, whenever the bullion is 
debited at the *• trade Assay/* Which being the case, we are of opinion 
that, as a matter of system, the comparison ought to be made, and the 
check thereby established, in preference to the more lax proceeding of 
omitting the comparison, and writing off all deficiencies to profit and loss 
as “ unavoidable waste in the operations of coinage/’ Tbe exteut to which 
the extraction of tbe bullion out of the drosses ought to be carried, is 
another and a very simple question ; the answer to which obviously is, that 
it should be carried so far, and no farther, than it would be attended by a 
clear profit to do so. In this w*y it is that the business is carried ou iu 
Madras, the refuse, wlieu no longer capable of being “ recovered” ou 
account of Government with prod!, being sold, and the proceeds carried 
to account ; and it is according to tins scheme of practice, that the actual 
results which have been referred to have produced a oett surplus amount- 
iug to -fa per mille. 

If, however, there ought to be no deficiency of the precious 
metals, it does sometimes happen : it seems that coins are sent out 
of the mints too good. Thus it is said — 

We have been informed, that in the > ear 1845, the coins issued by the 


* ** Observations on the Duties and Responsibilities Involved in the Management of 
Hints ; chiefly with reference to tbe Rule* and Practice of those of India. With sug- 
gestlons for their Improvement.” By Major J. T. SMITH, H.E.I.C. Engineers, F.R.S., 
A.I.C.E., Blaster of the Madras Mint. Madras, 1848. 
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Bombay Miat were so much above Standard, that if they may be assumed 
as being fairly represented by 60 pyx assays made of them at the Royal 
Mint, and the value of tbe out-torn calculated thereby, they rodst have 
contained very nearly 86,000 rupees worth more pore silver than they 
ought to have done ; a case in point showing the impossibility of the Mint 
officers guarding against loss, because if it be assumed that the merchants 
w ert fully paid for their bullion, the Mint must have suffered the loss of 
the above sum. 

With regard to the probability of loss of metal, the author 
examines whether it could take place in the melting, and he men- 
tions — 

There is a greater probability in this process, that a real loss, an 
actual diminution of value should occur, than in any other. I have 
above Stated that a change of value cannot possibly be effected, except by 
a literal abstraction of the precious metal, and we can easily understand 
why such is the case. If a pound of pure silver, for instance, were 
melted a thousand times, and if copper werfe added to and subtracted from 
it by Successive portions : at every step of these processes, provided none 
of the particles of pure metal had been allowed to escape, tbe result of 
every true assay of tbe metal, whether in its coarse or fine condition, ought 
to be Such as to make its valoe eqnal to that of a pound of pnre silver. 
There jg nothing io mere manipulation to alter value, unless some of the 
precious particles are dissipated; but vre might be Inclined to suspect 
that this might occur during fusfori. It Is not Impossible, one woUklthVnk, 
that silver might be volatilized, and thus the precious metal be dindblshed 
in quantity. It Is certain that if aby alloy bC melted, its W* ight iafoef 
fusion is considerably reduced ; but it Is also eqally certain that, praetb 
cally, not a particle of silver esbapes from the furnaoe. 

This being tbe only point on whtek the smallest doubt could reasonably 
be entertained, I have given it the most afttetttHe examination. When 
I was in Calcutta io January, 1843, and visited the Mint there, I made 
particular inquiries as to the volatilization of silver. The very idea of 
such a thing seemed to be considered absurd, and 1 was assured that no 
such thing as volatilization of silver had ever been experienced. It was 
not the custom to twerp out the chimneys, because the volatilization of 
silver was out of the question, but I was told that when that metal was 
adulterated with mercury there was a loss, and particles of the mercury 
might be evaporated. This is true also in regard to lead, fumes of which 
escape from silver very frequently. But neither of these would at all 
change the value of the mass id fusion. 

The same question lias also been practically tested at Madras — and 
though no such thing as sweeping the chimneys for the purpose of reco- 
vering volatilized silver had ever been heard of previously, I determined 
upon having it done, in order to obtain decisive evidence upon a point of 
so much importance. The result was, that in the chimoey of a furnace 
which had been in constant daily use for about 15 years, and in which 
many crores of rupees worth of bullion must have been melted, there were 
collected particles of silver which altogether weighed about 70 graint. 
This experiment taken in connection with th$ experience of the Calcutta 
Mint, seems to my mind to be qnite conclusive as to the fact that there is 
no real loss in melting, by any dissipation of the precious metal. 

The following is a practical explanation of one of the causes of 
apparent loss : — 

it is notorious, however, that when silver is melted for coinage, tbe 
weight after fusion is considerably less than before, even after making this 
recovery and every allowance. It is admitted also that the metal under- 
goes refinement, and consequently that it has become purer in quality than 
it was. All that I w ish to add is, that its value after fusion ought to be 
precisely equal to what it was originally, and that there is no necessary 
cause for wastage or loss; and this, because it is simply copper, and 
nothing besides but copper, or base metal, which is injured by the heat, so as 
to be separated from tbe alloy and lost in tbe refuse, whence it is not worth 
while to recover it. It is owing to the absence of any means of recognis- 
iug tbe minute changes of fineness in the silver alto), and the consequent 
adoption of a system of account independent of them, that it has been ira- 
practicable to exhibit this truth, or to take advantage of it, in the manner 
indispensable to avoid waste ; and tbe attention being therefore exclusively 
paid to that change iu the metal w hich alone is palpable, viz., in its weight, 
is one of tbe great causes of tbe real loss which I inquired iuto. I propose 
hereafter to detail the means by which this evil has been rectified; iu tbe 
mean time 1 must invite attention to aoother. 

When tbe Miut receives bullion, it is supposed to recene uothing hut 
solid metal, w hich is charged to it according to its weight and actual fine- 
eess, but 1 found that these supposed conditions did uot always exist, and 
that the bullion was not aiwa>s made over to the Miut iu the solid state. 
In some cases coius were received, which were always more or less diriy, 
and these were calculated in tbe accounts by multiplying tbe gross weight 
of dirt and silver by the average fineness of a sample melted for as»ay. 

'I he consequence manifestly was an unavoidable loss, corresponding 
with the amount of dirt which had been reckoned as silver, and the 
remedy was plain, viz., taking care to melt the coins always in future. In 
this way one of the principal causes of the previous loss was got rid of. 

Another case was more serious to the parties. 

We may also cite a case which occurred iu Bombay, where there was 
a deficiency between the produce and valuation of a particular parcel of 
bullion received into tbe Mint, to tbe amount of about 1,200 rupees. A 
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ebauoittw being appointed to inquire into the deficiency, stated, that the 

rtcpepSncy was apparent, but as it wonld never do to doubt the assays, 
they mast conclude the fraud bad been practised by the metiers. Tbe 
bead melter Was accordingly ordered to pay the money, and did eo ; but 
it was afterwards plainly shown that tbe valuation bad been made without 
proper precautions against mistake, and that in so far as the evidence 
went, there was not the least reason to believe that the quantity of bullion 
for which the matter had been held accountable bad ever been received by 
him. 

In annealing, an apparent increase of weight takes place, which 
is thus explained. — 

The process of annealing is for the purpose of softening the blanks, 
and makiog them more fit to receive the impression of the die. It also 
assists tbe operation of the acid in cleaning. The blanks are placed 
in a reverberatory furnace and brought to a red beat, after which 
they are cooled, either by immersioo in water, or by exposure to the air. 
The effect of ibis process is a slight increase of weight, owing to the com- 
bination of oxygen with the alloy in the metal ; and as it is entirely super- 
ficial, it varies in its proportion according to the form and superficial area 
of the pieces exposed to its action. We have not made any experiments 
with minute accuracy on this point, as the pieces after leaving the lami- 
nating and adjusting department are counted on transfer, and thus passed 
from band to hand by tale, so that trifling variations in the gross weight 
cease to be of any importance; but from the experiments winch we have 
made, the difference of weight in rupees has been shown to be about 
8 annas 7} pie per raille, or 4j pie per cent. As this iucrease of weight is 
occasioned merely by the addition of a foreign substance (oxygen) to the 
metal, it cannot of course, by any possibility, be tbe cause of any loss of 
value. 

In blanching, a slight difference in the apparent weight takes 
place, because in some mints grease aud oil are used in laminates, 
which adheres to the metal and is removed by the acid. 

Difference of weight may take place, but difference of rniue 
cannot ; and it is by adopting this latter test that a proper system 
of accounts can alone be adopted. We may remark, in conclu- 
sion, that the author has laboured very hard and conscientioualy 
in establishing the correctness of his views ; and, which excites 
the more admiration, as having been done under the hot 9un of 
Hindustan and in a state of ill-health. 


THE PLATE-GLASS TRADE. 

The statistics of the manufacture of plate-glass in England, just published 
in a tabular form, with a few remarks appended, on a folio sheet, by Mr. 
Henry Howard, of Plaistow, in Essex, are very instructive. 

In 1819 the excise duty on plate-glass was 98s. per cwt. ; none was made 
in England larger than 120 inches by 72, the quality was indifferent ; the 
price when 12 inches square was 13a. Id. per foot, when 120 inches by 72, 
it was 160a. per foot. 

In 1827 the excise duty was 60a. per cwt.; plate-glass 144 inches by 75, 
was manufactured ; the quality was considerably improved ; the price of 
plate-glass, when 12 inches square, was 6a. 8d. per foot, when 114 inches by 
75, it was 50a. per foot. 

In 1847 there was no excise duty on plate-glass; plates 144 inches by 76 
were manufactured ; tbe quality was very much improved : the price of 
plates 12 inches square waa 3a. id. per foot ; plates 144 inches by 76, cost 
35a. 6d. per foot. 

In 1819, when the excise duty was 98a. per cwt., the quality of tbe glaaa 
was indifferent, the average price per foot 20a. to 25a , the quantity sold per 
week about 3,000 feet, and the supply apparently equal to tbe demand. 

In 1827, when the duty was 60a. per cwt., the quality was improved, the 
average price per foot 10a. to 12a., the quantity sold per week about 5,000 
feet, and the supply inadequate to the demand. 

In 1847, when the excise duty bad been taken off, the quality was very 
much improved, the average price per foot 4a. to 5a., tbe quantity sold per 
week about 70,000 feet, and the supply very inadequate to the demand. 

In 1836, when the excise duty waa 60a. per cwt., the estimated number 
of hands directly and indirectly employed in the manufacture, waa about 
2,500, tbe capital invested in it about 250,000/. 

In 1847, when the duty bad been taken off, the number of bands waa 
about 12,000, tbe capital about 1,000,000/. 

No comment ia required on the tendency of these facts to show how much 
tbe manufacture was benefitted by the reduction of excise duties; how much 
more it has been benefitted by entire emancipation from the trammels of tbe 
excise. 

Since 1845 foreign plate-glass bad been allowed to be imported free of 
duty. In July 1847, Lord George Bentinck undertook to prove (in Par- 
liament) that the removal of tbe glass duties had been a failure. He 
stated that the declared value of glass exported in the first five months of 
1845 waa 215,630/.; in tbe first five months of 1846, only 131,739/. But 
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hU lordship omitted to state ad important explanatory faekpointed onAby 
Mr. Howard It was in tbe first five months of 1843 that tbe dqto w* 
remitted, and during that particular period the makers and* deafer* •■ported 
enormous quantities of every description, not on account of increased de- 
mand from abroad, bat for the express purpose of obtaining the large draw, 
backs (amounting to bounties) which were then, for the last time, allowed 
by the excise.” 

The fact is. that an official return, dated May 5, 1848, printed by order of 
the House of Commons, shows the total amount of foreign plate-glass, 
entered for consumption in England, to have been 99,841 feet. This is at 
the rate of 1,920 feet per week. The number of feet of English make sold 
per week during that time being 70,000, while in 1845 it was only 23,000. 
Tbe importation, instead of causing a displacement of English labour, has, 
by stimulating competition, improved quality and lowered price, and by 
thus increasing consumption, caused more English labour to be employed. 

The state of the exports, as shown by the return already referred to, ia 
equally satisfactory. The exports of English glass in 1847 exceeded those of 
1846, in flint-glass, by 20 per cent. ; in common window-glass, by 42 ; ih 
bottles, by 5 ; in looking-glasses, by 49; and in plate-glass, by 110 percent. 
Well may Mr. Howard remark, “ Looking at the unexampled commercial 
difficulties of 1847, this increase is almost incredible.” 

Two facts relative to tbe trade in plate-glass, stated by Mr. Howard, have 
a bearing upon these general results too important to be omitted. Of two 
ageocies established here, exclusively for the sale of foreign plate-glass, one 
has been compelled to relinquish tbe sale of it, simply from inability to 
withstand British competition. There was no English plate-glass exported 
to the United States in 1846 ; wbile, in 1847, it equalled in amount the ex- 
ports to all the world in 1846. 

How, then, are we to account for complaints made both in and out of 
Parliament that British interests have suffered from the remission of the 
glass duties ? Mr. Howard throws some light on this question : — “ In 1845, 
when the excise duty was remitted, tbe English makers reduced the price of 
small plates (which foreigners could not afford to send here at all) to a fair 
and equitable scale, but tbe large plates (which, paradoxical as it may appear, 
cost leas per foot than tbe small ones) were kept up at the unreasonable 
rates quoted above. Our neighbours, the French aad Belgians, attracted and 
encouraged bj the simplicity which thus invited them here, under cover of 
our excessive prices, accordingly brought over and sold their larger fabrics at 
enormous profits, whilst our manufacturers, realising still greater advantages, 
and supported by au immense demand, refused to modify this extraordinary 
tariff, although its manifest injustice to the public, and direct tendency to 
injure the very interest it was intended to promote, have been almost uni- 
versally condemned as the climax of absurdity.” 

Labour forms directly and indirectly nearly 80 per cent, of the cost of plate- 
glass. The raw material ia nearly all English produce. In short, it is a 
natural manufacture. As such it was depressed by heavy excise duties, and 
not relieved by protection from foreign competition. Since it has been 
emancipated both from the oppressive and the protective influences of fiscal 
regulations, it has daily grown in strength and prosperity, in defiance of 
competition. It is only nnder such a system that branches of industry, na- 
tural to a country, can flourish, and such branches of industry only are 
really advantageous to a nation. 


THE GREAT VIADUCT ACROSS THE DEE, IN THE 
VALE OF LLANGOLLEN. 

While the speed to he attained by mechanical ingenuity is being intensely 
considered, the architecture of our railways is not forgotten, and we feel 
pleased to have it in our power to notice one of the most daring and stupen- 
dous efforts of skill and art to which the railway has given rite. We refer to the 
great viaduct now in course of completion across the valley of the Dee, in the 
Vale of Llangollen — the dimensions of which sorpass any thing of the kind 
in the world. While the tubnlar bridges across the Menai Straits and Con- 
way River are, from their novelty, attracting much attention, the undertaking 
referred to hat proceeded nearly to completion, withoot any considerable 
notice being taken of it. Its vastness of proportions may be better con- 
ceived, when it ia stated that, in magnitude it far exceeds what is considered 
the greatest effort of ho man skill in connection with railway communication 
— the Stockport viaduct. The Dee viaduct (for this is the term given 
to the one at Llangollen) is upwards of 150 feet above the level of the 
river — being 30 feet higher than tne Stockport viaduct, and 34 feet higher 
than Menai Bridge. It ia supported by 19 arches of 90 feat span, and its 
length is upwards of 1530 feet, or nearly one-third of a mile. The outline 
of tbe structure is, perhaps, one of the handsomest that could have been 
conceived, both at regards its chaste style and attractive finish ; and its 
general appearance ia considerably enhanced by the roondness of the arches, 
which are enriched by massive quoins, and tbe curvilinear batter of the piers : 
this style of architecture imparts a grace and beauty to tbe structure without 
impairing its strength. The greatest attention seems to have been paid to 
the abutments— the only part of tbe erection, in reality, where any decora- 
tive display could be made. In the middle of both, on each side, there are 


.beautifully mooted tnohei in the Gotmtirian order, in addition to some 
:highly-finiihed masonry* The piers are neatly wrought at the angles, and 
thfr base of tieafly each there is a bedding of upwards of 400 square foot 
of masonry- With the esoeption of the entradoee of tba arches, which are 
composed of a blue sort of brick, the whole structure is bnilt of beautiful 
stone— if not as durable, equal in richness and brilliance to Darlydale. The 
viaduct hat an inclination from end to end of 40 feet, and connects that part 
of the Shrewsbury and Chester Railway between Rhos-y-Medre and Chirk. 
Viewed from beneath, the vast structure presents a noble and truly grand 
appearance, and its bold proportions, with its height, cannot fail to call forth 
admiration from the most indifferent beholder. While the view below 
developes what art can accomplish, that from the summit surpasses in rich- 
ness and luxuriance of the picturesque any landscape in the kingdom. 
Situated in the middle of the far-famed Vale of Llangollen, tbeie is all that 
nature and art can bestow to make the view charming and beautiful- On 
one side are bold and swelling hills, on the other a plain teeming with 
luxuriance far and wide. Within view are Castell Dinas Bran, or, as it is 
commonly called, “ Crow Castle,” which is situate on the Clown of a. conical 
hill — the glaciated rocks, Wyonstay, and Pont-y-Cyssyllte, or t|ie Dee Aque- 
duct. This last structure, which couveys the Ellesmere Canal, i* within a 
short distance from the viaduct, and, from its beauty aqd extent, imparts 
add ition^al interest to the locality. , 

Tbe .viadpcfc has been erected by Messrs. Makiu, Mackenzie, and Brassy, 
conXrsmuat a cost of upwards of HKLflOOi., being upwards of ^OiOOCW. 
more than the Stockport viaduct, the, cost of the timber required to form 
tbe « rationing, 6qc. t for iu erection, was : 1 5*9904, t aud between 300 or 400 
hiasai* alone were employed, during tha,who|e, time of construction- Within 
a few miles distance there; ia another viadqckio oo wsa of buikiieg across the 
valley ofGeiifcg* This structure wiU .he, upward of 120 foot high, and will 
have 10 arches, of/45, feet, span,, and,, one of ,120 feet- The entire length 
will he eti least 850 feet h and will coat* ^wben, completed, a large sum of 
money. , t, r] . ,, , . 


NOTES OF THE MONTH. 

The Copying Electric Telegraph . — We mentioned in a former number 
(p. 191 ante) that an electric telegraph had been invented by Mr. Bakewell, 
by means of which a written communication could be copied at a distant 
town, so as to enable correspondents to recognise the handwriting of each 
other. This telegraph has, during the past month, had several trials be- 
tween London and Slough, that line of wire being the only one that can be 
spared by the Electric Telegraph Company for experiments. The results of 
these trials have proved that the power transmitted along the wires is quite 
sufficient for the copying process, as only the same batteries were employed 
as are necessary to work the ueedle telegraph. We have seen several speci- 
mens of the writing copied along 40 miles of wire, which prove that wnen 
the instruments are accurately constructed, copies of any writing may be 
taken by means of this telegraph. With the model instruments and a single 
wire, the copying was, we understand, done twice as quickly as communica- 
tions can be made by the needle with a single wire, and Mr. Bakewell ex- 
pects to be able to increase the speed ten-fold with larger instruments. 
Independently of the gain of speed by this means, there would be greater 
confidence given to telegraphic communications, if the intelligence received 
were written m the handwriting of correspondents, since by the present 
mode of communicating there is no proof that the information received is 
authentic; and as the messages transmitted by the copying process are 
traced from the original writing, there can be no errors committed by the 
misunderstanding of signals. 

The New Brazilian War Steamer “ Affonso ™ — The first pair of marine 
steam-engines built in Bolton, were constructed by Messrs. Beujimiu 
Hick and Son, for tbe Affonso , Brazilian war- steamer, which has obtained 
such honourable notoriety by the services it rendered to the passengers and 
crew of the Ocean Monarch. These engines are made on the direct-acting 
principle, are 300-horse power, and several improvements have been intro- 
duced in their construction. The framing for supporting the paddles and 
intermediate shafts is made of forge or wrought-iron, and some idea may 
be formed of the value of this improvement, by comparing it with tbe ordi- 
nary rast-iron framing generally adopted. One of these pedestal blocks, 
of which there are four, when shaped and finished, weighed 28 cwt. ; but 
if made of cast-iron, and equally strong, the weight would have bem 
80 cwt, and even then the liability to fracture would be more than trebly 
hazardous. There is, also, in the construction of these engines, a simple 
and improved arrangement of the eccentric aod reversing motion, which 
enables tbe valves to be reversed for going ahead or astern with the 
greatest ease, and by which the labour of three men to each engine u 
saved when reversing. The mode of introducing the injection wuter is 
also new, simple, and effective. The Affonso was built for navigating the 
shallow rivers of the Brazils, and che is well armed for tbe protection of 
their trade, having a 64- pounder fore and aft, which swivel on carriages, 
and also four 34-pounders iu her side ports. The vessel and engines were 
built under the orders and inspection of Admiral Grenfell, the Brazilian 
consul at Liverpool, and though from her construction she was not ex- 
pected to fail more than 9 knots per hour, she accomplished 11$ on her 
trial trip.— Liverpool Mercury 
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The Britannia and Conway Bridges.— The report of Mr. Stephenson, 
presented to the meeting of the Chester and Holyhead Railway, on the 
2ttb ult., stated that the construction of the second tube of the Conway- 
bridge is far advanced, and there is no doubt it will be ready for removal 
by the middle of October. The pontoons have been strengthened, the cap- 
stans re-erected, aud every other arrangement in a forward state for its 
erection. About three-fourths of the masonry of the Britunniu-hridge have 
been completed ; aud, tak ng the progress now making as a guide, it is cal- 
culated that the first tube will he ready for lifting to its place in the course 
of next March or April. The iron-work at the Britannia-hridge has pro- 
gressed even more rapidly than was expected, and the four large tubes are 
just approaching completion. The whole of the central portion of the tubes 
is finished, aud the castings at the ends are now beiog inserted. The 
scaffolding for the eud tubes on the Anglesea side is complete, and a large 
proportion of the irou is already punched for their immediate commence- 
ment. The scaffolding necessary for the tubes on the Carnarvon side will 
be erected immediately, to open the line throughout as rapidly as possible. 
Every arrangement is being made for floating the tubes as soon as the 
masonry is ready. The works throughout the whole of the line are stand- 
ing in the most satisfactory manner. The daily passage of heavy trains 
through the Conway tube for four months, together with a series of care- 
ful observations as to the effects produced, have completely established the 
correctness of the views upon which the designs for this aod the Britannia 
were based. The cost of these structures has very much exceeded what 
was originally calculated upon ; on re-considering, however, the whole 
subject, Mr. Stephenson is satisfied that the method which has bees 
Adopted is certaiuly the roost eligible, if not the only practicable one. 

Mode of Extinguishing Fires at Sea. — The following letter has been ad- 
dressed by Dr. Reid to a daily morning paper : — ** As the danger from fire 
at sea is attended with so many appalling circumstances (of which we have 
had a recent instance in the melancholy catastrophe of the Ocean Monarch ), 
I beg to submit for the public consideration, and especially underwriters, the 
following plan, as a cheap, simple, and efficient method of preventing the 
occurrence of such accidents. Flame or combustion cannot go on where 
there is carbonic acid gas. This is one of the elementary principles of che- 
mistry. It may be shown in varions ways. A lighted taper plunged into a 
jar of carbonic acid gas is instantaneously extinguished ; or, if we take the 
glass of a common argand burner, and close the upper end of it by a flat 
plate of glass, or even by a piece of card or pasteboard, firmly, so com- 
pletely as to prevent any current of air through the tube, on introducing for 
about an inch or so the flame of a candle at the other extremity (the glass 
of the argand burner being held upright) it will, usually in the space of little 
more than a minute, be extinguished, merely by the accumulation of the 
carbonic acid gas produced by its own combustion. The production of 
carbonic acid gas is completely at our command, for on adding dilute sul- 
phuric acid to chalk, we can set at liberty, in the space of twe or three 
minutes, enormous volumes of this so-called fixed air. The cost of material 
for a ship of 1,000 tons would not exceed 15/. or 20/. sterling By means 
of tubes proceeding from the upper deck in connection with a eistern 
containing the dilute sulphuric acid, to the quarters below where there is 
most likelihood of danger from fire, or moveable hose (made of gutta 
percha), which can be introduced into any part of the vestal — the oil of 
vitriol, previously diluted with water, can be at once poured over the chalk 
(which is to be thrown down in the place where the fire rages), and imme- 
diately, the carbonic acid being set at liberty, the fire is extinguished ; for 
combustion cannot go on in an atmosphere of carbonic acid gas. 1 have 
been much occupied experimenting on this subject, and find that from five 
tons of chalk, as much carbonic acid gas may be obtained as will be suffi- 
cient to completely fill a vessel of 1,000 tons burden. The expense of laying 
the tubes will not exceed 30/. or 40/. ; and, once laid, there is no further 
trouble or expense. I may observe also (but experiments are at variance on 
this subject) that it is not requisite to have an atmosphere absolutely consist- 
ing of carbonic acid gas to extinguish flame, for some experiments show 
that a taper does not burn in an atmosphere, of three parts atmospheric air 
and one part carbonic acid gas. Lightning-conductors are provided for ships 
— surgeons also to take care of the health of the crew — assuredly no ex- 
pense (and it is hut a trifle) would be grudged to secure a ship and its pas- 
sengers from the contingency of such a melancholy mishap as that of fire. 
If this method will do — and there seems to he everything in its favour — all 
Our emigrant ships, indeed every ship, ought to be secured against a calamity 
which really must be held as the most dreadful that can occur to a vessel at 
sea.” 

South-Eastern Rtiltcay . — The works at London Bridge for enlarging 
the station and widening the Greenwich Railway viaduct, suspended 
during the monetary panic of 1 S 1 7 . have b- en resumed. The bridge to 
cross Bermoudacy-street is rapidly progressing. The Gravesend branch is 
also in a very forward state. It is expected to be opened for public traffic 
eirly in the spring. 

Railway Signals. — Another of the many contrivances suggested for en- 
abling passengers in railway trains to communicate with the engine-driver 
or guard, has been recently patented, though it differs little from several 
others of the same kind. The patentee is Mr. Richard Baird, of Dundee, 
and he claims the application of tubes to railway carriages, and the com- 
bination of cords, wires, or chains with the tubes, in such manner that 
either the passengers or guard may sound the steam-whistle. It is proposed 
to connect the cords passing through the tubes under each carriage by 
spring hooks. 


Great Western Docks , Plymouth — These docks are being priwHed 
with rapidly, and, when completed according to the design, will furtn h 
accommodation superior to that afforded by any docks of similar rvinit. 
The inner basin, or floating dock, will he capable of containing and afford- 
ing ample w harfage for 12 steamers of the largest size, a number, w** 
believe, equal to that accommodated by the great basin at Portsmouth, 
recently opened. There will be two entrances to this basin ; one will 
admit merchantmen of the largest size, and steamboats of ordinary dimen- 
sions, for two or three hours before and affer high water — through the other 
the largest screw-steamer can pass »t high water. The area of the outer 
basin will be nearly 30 acres. If this ba>in should be deepened to the ex- 
tent proposed, vessels can enter and be afloat in it at all times of the tide 
without the delay of pasing through a lock. This is au advantage not 
possessed by Liverpool, aud many odier ports. The entire extent of wharf- 
age will exceed a mile, and the area of ground for stores is adequate to 
the greatest possible trade. — Devonport Chronicle. 

Birkenhead Docks —It appears by the Liverpool Times , that the most 
active preparations are going on in the engineer’s department of these 
works, in the preparation cf working drawings, fkc„ for the recommence- 
ment of the construction of the docks forthwith. Arrangements, it is said, 
have been made for raising the requisite capital, and no doubt remaios us to 
the successful accomplishment of the object of the new trust. An important 
trade is openiog up in the exportation of coal from the Welsh mines, 
which can be brought, it is said, to Birkenhead docks, aud put on board 
vessels at very considerably less cost, and with far greater facility, than 
from the Lancashire coal-field. 

The Grimsby Docks.— These are mighty works, and are proceeding 
with most satisfactory rapidity, alike creditable to all concerned. The 
chief engineer, Mr. Reodell, is expected shortly ; but the engineer, Mr. 
Adam Smith, who is very properly called the resident engineer, is alwau 
on the works. There is a defect, or rather a sinking, in one portion of the 
piles from the “ blow sands” — a name upon which tradition has exhausted 
its ingenuity, and has summed up all by ascribing to demoniac agency the 
“ fathomless pit.” Shakspeare was right iu putting into Hamlet's solilo- 
quising thoughts, “Oh, what a mighty pie^e of work is man!” and bad 
lie lived to see the mighty pieces of work which man achieves, some other 
as appropriate exclamation would by him have been furnished. One 
hundred and fifty acres taken from the Bea, and defences raised to prevent 
the mighty ocean claiming back *• its own,” aud such defences as will 
resist its foaming rage, let its battering waves lash it as they may— bor- 
rowing from some of its sister land chalk as the means of defence, of 
which no less a quantity than 10,000 tons are every week conveyed on • 
road of iron. By October, it is expected all will be ready to receive bis 
Royal Highoess Prince Albert, to lay the first stone of the intended Royal 
Albert Grimsby Docks ; and, within three years, a dock of 37 acres will 
be ready to receive vessels laden with foreign stores. So much projreai 
could not have been made but for the perseverance of Mr. Adam Smith, 
and those under his directions. — Nottinghamshire Journal. 

Clifton Suspension Bridge. — Upw irds of i’40,000 have already been 
expended upon this undertaking, aud no mure money being forthcoming 
the works are now at a stand-still. 

Improvements in Bridge Building. — A fine wooden bridge has recently 
been erected by the Cambuslang-road trustees, ut toss the river near 
Daimarnock, to supply the place of the old one, which is now 30 years 
old, and very much decayed. The new bridge was commenced only five 
months ago, and was built from a design by Mr. Robsou, (J.E. The whole 
length of the bridge is 355 feet, and the width within the side rails is 
28 feet. There is a footpath on each side, covered with asphalte pave- 
ment, and the road-way is composed of a mixture of asphalte and whin- 
stone metal, broken, 7 inches deep, and laid on the top of the plankiug, 
which had b en previousl) well caulked with oakum, aud coaled vvitli 
pitch aud sand, for the purpose of making it water-tight. 

Circular Sawing. — An experiment has been lately made at the Saw-iuilUi 
Woolwich-dockyard, with the view of testing the efficiency of circular 
in cutting through the centre of rough limber of a diameter nearly equal to 
that of the saw itself. An elin tree — one end of which was of the lull 
diameter of the saw —was placed upon one of the circular sawing machines, 
having a saw 4 feet diameter, and a self-feeding motion, in the usual way. 
By this motion the tree was brought towards the saw, and passed over it; 
and by a reverse motion, it was turned back. The cut made in the tree, 
passing over the saw, was in dead wood all the way, and fully 20 inches 
deep. After the tree was run back, it was turned over, and adjusted for a 
second cut, to line with the first ; and in thin position it was brought for- 
ward, as before, and completely divided in two. 

Method qf Welding /row, Steel , and Sheet-Iron. — In an earthern vessel 
melt borax, and add to it one-tenth of sal-amraomao. When these ingre- 
dients are properly fused and mixed, pour them out upon an iron plate, aud 
let them cool. There is thus obtained a glassy matter, to which is to he 
added an equal quantity of quicklime. The iron and steel which are to be 
soldered, are first heated to redness, then this compound, first reduced to 
powder, is laid upon them ; the composition melts and runs like sealing- 
wax. The pieces are then replaced in the fire, taking care to heat them at 
a temperature far below that usually employed in welding *, they are theft 
withdrawn and hammered, and the surfaces will be found to be thus per- 
fectly united. The author asserts that this process, which may be applied to 
welding sheet-iron tubes, never fails. — Mechanics' Magazine* 
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The South- Foreland Lighthouses,— These edifices are now completed} 
and their appearance reflects credit on all parties concerned in their erec- 
tion. There are two— the one called the Upper, and the other the Lower 
South-Forelaud Lighthouse. 'J be headland on which they stand is the 
nearest point in England to the coast of France, the distance being barely 
21 miles acioss the Channel. The upper lighthouse consists of a massive 
tower (externally octagon, internally circular), the lanthorn of which is 
about 375 feet above high-water mark, leaving a perpendicular height of 
the cliflf on which it is situated of about 290 feet. The lanthorn is con- 
structed on a novel principle. It is furnished with 264 mirrors, which are 
inclosed on the side opposite the sea by six lenses. These mirrors, casting 
a multitudinous reflection on each other, afford a stong and brilliant light, 
being clearly visible on the opposite coast, throughout the Downs, Rams- 
gate, and even Margate, and the greatest portion of the Isle of Thanet. 
The lamp, which is in the centre of the lanthorn, consists of one large socket, 
containing four burners ; and it supplies itself with oil by means of a kind 
of clock-work machinery, which, while it pumps up the oil to the wick, 
also returns the surplus quantity to the reservoir ; and in case of any 
defects, or want of supply, by a small hydraulic balance, strikes a sharp 
tinkling bell, as a warning to the keeper. The machinery is very simple, 
and at the same time curious. The lanthorn consists of a cupola, the roof and 
sides of which are composed of neatly wrougbt-iron frames, apparently 
light, but sufficiently stiong to stand against the tempest. It is enclosed 
by 48 oblong panes of plate-glass, from 2& to 4 feet long. Around the 
cupola, on the exterior, is a balcony, rendered safe by a castellated para- 
pet, from which, in clear weather, a splendid view is obtained. Passing 
from the upper lighthouse, about a quarter of a mile easterly, is the lower 
one, standing on the verge of the cliff. The tower is not so high as the 
former, neither is it lighted on the same principle. Within the lanthorn 
are suspended from copper branches 15 Argand lamps, each having a 
burner of rather large dimensions with a concave reflector of the greatest 
brilliancy, and about 20 inches in diameter. It appears that it is yet a 
matter of doubt which system of lighting is preferable, but the Corpora- 
tion of Trinity are giving each a fair trial. , 

The “ New Star” Steamboat . — Some experiments were tried on this ves- 
sel, on the river Thames, on the 27th alt., preparatory to the building of a 
new iron steamer. The trials were highly satisfactory, an average speed 
being attained, after several trials at the mile distance at Northfleet, of 13 
miles per hour in dead water. The engines and vessel were manufactured 
by Messrs. Miller and Uavenhill. Tonnage, 265 ; oscillating engines of 68- 
horse power ; diameter of cylinders, 34 inches ; length of stroke, 2*9 ; num- 
ber of revolutions per minute, 48. 

Launch of a Steam-vessel in the Thames for Service in Scotland . — A 
very handsome-built iron boat was launched, on Saturday, the 16th ult., 
from the building-yard of Miller, Ravenhill, and Co., Orchard-wharf, 
Blackwall. This is the third vessel turned out by the above firm for the 
Edinburgh and Northern Railway Company ; the two former vessels being 
known as the Auld Reekie , and Thane qf Fife. The new craft is expressly 
adapted for the passage across the Frith of Forth, and will have a speed 
superior to the former squadron. She was christened the Express , and 
will be furnished with a pair of oscillating engines of 120-horse power, 
a pair of feathering wheels, tabular boilers, &c., which are now erecting 
on board. Her length is 150 feet between her perpendiculars ; breadth, 
148 feet at load line ; depth, 11 feet ; draught of water, 6 feet. 

Alleged Propulsion of a Vessel by Steam in the Year 1543. — M. 
Gonzales, director of the Royal Archives of Siipancas in Spain, published 
in 1826 an account of an invention by Biasco de Garay, a naval captain, 
who, it is stated, exhibited in Spain, in 1543. an engine, by which ships of 
the largest size could be propelled in a calm without the aid of oars or 
sails. He made an experiment before commissioners, appointed for the 
purpose of examining his invention at Barcelona, on the 17th of June, 
1543— the vessel used being a ship of 200 tons. Garay, we are informed, 
wished to keep bis mechanism a secret ; but it was observed to consist 
partly of a large cauldroo, or vessel of boiling water, and of two move- 
able wheels, one on each side of the ship. The experiment succeeded so far, 
that the vessel was propelled at the rate of two leagues in three hours ; 
and the inventor was rewarded by receiving a sum of 200,000 maravedis, 
besides having bis expenses defrayed from the public treasury. It is 
added, that the invention would have been further encouraged had not 
State expeditions of great consequence claimed the immediate attention of 
the emperor. Aud it is important to mention, that the authenticity of the 
entire history of Garay’s invention, as published by Goozales, has been 
called into question, and that no practical results of any utility followed. 
Frazer's Magazine. 

Gutta Percha Boats . — At Seacombe, a No. 1 pilot boat, built of gutta 
pereba has been tested. It is 17± feet long, and though nearly filled with 
water, and having four men on its gunwale, kept its buoyancy. It 
weighs 1901b. and sustains a pressure of 15 cwt. It not only answers 
the purpose of a pilot boat, bot is also convertible into a life-boat. This 
substance must make an excellent life-boat ; and before we saw the above 
account, we had thought of calling attention to the feasibility of this appli- 
cation. The toughness, elasticity, amt lightness of this material, for the 
purpose of boat-building, is unquestionable. The price is one dollar per 
pound, and 30 pounds must make a boat of a moderate size. The old 
gutta pereba can be sold at a reduetd price. — Scientific American. 


Indian Waterfall. — Among the cliffs of the Eastern Ghauts, about mid- 
way between Bombay and Cape Comorin, rises the river Shirawati, which 
falls into the Arabian Sea. The bed of the river is one-fonrth of a mile 
in direct breadth ; but the edge of the fall is elliptical, with a sweep of 
half a mile. This body of water rushes at first, for 300 feet, over & slope 
at an angle of 45°, in a sheet of white foam, and is then precipitated to 
the depth of 850 feet more into a black abyss, with athunderiognoise. It 
has, therefore, the depth of 1,150 feet ! In the rainy season the river ap- 
pears to be about 30 feet in depth at the fall ; in the dry season it is lower, 
and is divided into three cascades of varied beauty and astonishing gran- 
deur. Join our fall of Genesee to that of the St. Lawrence, and then 
treble the two united, and we have the distance of the Shirawati cataract. 
While we allow to Niagara a vast superiority in bulk, yet in respect to 
distance of descent it is but a mountain rill compared with its Indiau rival. 
— Rochester Democrat. 

The American Lakes. — Professor Drake, of Cincinnati has been making 
some observations upon these inland Beas, and gives the results to the 
public. The chain of lakes extends over nearly eight and a half degrees 
of longitude iu length. The extent of their surface is estimated at 93,000 
square miles ; and the area of country drained by them is computed at 
400,000 square miles. Their relative sizes are as follows : — 44 Ontario, 
5,300 square miles ; Erie, 9,600; St. Clair, 360 ; Huron, 30,400; Supe- 
rior, 22,000. The average depth of water in the different takes is a ques- 
tion upon which there is no certain information. Authorities differ. Dr. 
Drake gives it as follows:— St. Clair, 20 feet ; Erie, 84; Ontario, 500 ; 
Superior, 900 ; Huron, and Michigan, 1,000. In standard works, Lake 
Erie is usually stated to have a depth of 120 feet. The depest soundings 
have been made in Lake Huron. Off Saginaw Bay, 1,800 feet of line 
have been sent down without finding the bottom. The altitude of these lakes 
varies step by step from Ontario to Superior. Lake Ontario is 232 feet 
above the tide-water of the St. Lawrence. Erie is 333 feet above Ontario, 
and 565 feet above the tide-water at Albany. St. Clair is 6 feet higher 
than Erie; Huron and Michigan are 13 feet above St. Clair, and Superior 
lies 44 feet above them. This shows the curious fact that while the sur- 
face of Huron is 684 feet above the level of the ocean, its bottom, at 
Saginaw Bay, is more than 1,100 below the same level. The waters of 
these lakes, with the exception of Erie and St. Clair, are remarkable for 
their transparency and delicious flavour. Of Lake Huron, Professor 
Drake ascertaiued that the water at the surface, aud 200 feet below the 
same place, indicated precisely the same temperature, — namely, 56°. 
His explanation of this fact is : the waters are so pure that the rays of 
the sun meet with no solid matter in suspension to arrest and retain the 
heat.” 

New Cement.— The Buffalo Journal describes a valuable cement, which 
was first discovered in Sharon, Medina county, Ohio, and, after under- 
going the most thorough test, has been pronounced of great vulue for 
cementing roofs of buildings, steamboat decks, &c. The mine itself (says 
the Cleveland Herald) is one of the most singular depositories to be found. 
It seems as if poured into a large sand-stone basin, covering some four 
acres, is found at the depth of 20 feet, presents an even level surface, is 
about 5 feet thick, and when dAg out is no harder than tallow, and is en- 
tirely free from dirt and other impurities. An exposure of two weeks to 
the air changes the cement to stone, so bard, that it is difficult to grind. 
In preparing it, the cement is first ground when green, and after it has 
been hardened, it is ground again, and remains in a powdered state until 
mixed with oil for use. When applied iu roofs, it becomes hard aud 
durable as slate, and is a certain fire-proof, and is iu no way affected by the 
weather. We have been shown a specimen of the cement that has been ou 
wood nine mouths, which adheres closely, is as hard as the slates used iu 
schools, shows pencil marks equally as well, and has the grit of a fine 
hone. The cost is small, being 3 dollars per cwt., which, with the same 
amount of oil, is sufficient to cover 1,209 square feet. 

A Portrait of Mr. T. Cubit t, by Pickersgill, has been subscribed for by 
the Builder’s Society. 

Suit.— A spring of brine has just been 44 tapped,” by Mr. B. Smith, at 
Droitwich, Cheshire, at the depth of 217 feet — being a greater depth thau 
any before discovered ; the usual depth being 170 or 180 feet. 

On the Occurrence qf Vanadium in the Refinery Slag qf Staffordshire . — 
Mr. Deck, iu a communication to the Chemical Gazette, says— M Being 
commissioned by an eminent Euglish railway engineer, who has directed 
much attention towards the qualities of iron employed in bridges, &c., to 
examine some refinery slag, which, without any assignable reason, had 
the property of imparting extraoi dinary ductility to the iron with which 
it was mixed, I have succeeded in discovering a large quantity of vanadium, 
existing as silicate of vanadic acid, combined with small portions of 
molybdena, chrome, and the usual quantities of phosphoric acid and sili- 
cates. The first metal being coofiued to few localities, has bad its pro- 
perties but little studied by Euglish chemists, and has hitherto been found 
in no other slag than that from the Taberg mine in Sweden, tbe iron of 
which is remarkable for its ductility ; aud no mention is made of it in Dr. 
Percy's elaborate analyses of slags for the British Association. The quan- 
tity of slag at my command operated upon was very small ; but the vana- 
dium existed in a much larger proportion than in the Swedish slag, which 
1 have since examined ; and it is, doubtless, the cause of the superior 
ductility of both.” 
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A New Method of Cutting Trenches for Drain Tilee has been invented 
by Mr. While, of Keunington-road ; it is for the purpose of slicing*oiit the 
earth, of just sufficient width for the admission of the pipes, instead of 
the unnecessary and expensive plan at present (from necessity) in use. of 
digging a trench large enough for the men to work in, perhaps, 2 feet 
broad, when it may require only a 4 inch, or, at most, a 6-inch drain. 
The machine consists of two large wrought-iron wheels, of any required 
diameter, l£ inch thick at the centre for 12 inches diameter, then tapering 
to a knife-edge, which is to be hardened steel. These are fitted in a 
frame, immediately behind each other, but sideways, such a distance apart 
as to suit the diameter of the pipe intended to be employed. They turo, 
however, rather closer at bottom than at the top, in order to render the cut 
of a tapering form smallest at bottom, for the more ready removal of the 
earth. The implement is drawn by horse-power backwards and forwards, 
in the directiou of the cutting, until the necessary depth is required. As 
these knife-wheels would cut much better, by having a jet of water drip- 
ping upon the earth to be cut, a cistern is proposed to be carried upon the 
frame. To give increased — indeed, double — power to the horses, when 
the friction would be very great, a small anchor is to be fixed in the ground, 
at any distance, for a single piece of cutting — a rope from which would 
pass through a pulley on the machine, and the horses pull from that end of 
the rope; the earth is afterwards removed by a peculiar plough. Suppos- 
ing the implement to travel at the rate of 1$ mile per hour, and that it had 
to pass over the ground three times to produce the required depth, and that 
the distance between the drains is 30 ft., in 10 hours it would cut 18 acres. 

Smelting Copper . — A correspondent of the Mining Journal gives the 
following process as adopted at Toraas, in Norway The ore, which is 
the common copper pyrites, containing a large proportion of sulphur, 
when brought from the mine, is spalled to about the size of a walnut. A 
round kilo, built of dry stones, about 3 feet high, with apertures at short 
intervals, is constructed ; two cubic fathoms of wood are laid in the bot- 
tom ; oo this the ore is placed ; this quantity of wood, in general, is sup- 
posed to be sufficient for the calcination of 100 tons of ore. When lit, 
the mass generally burns for three weeks ; towards the close of the opera- 
tion, smalls are thrown on the pile, to prevent the too rapid calcination of 
the ore. As soon as the fire has ceased, the kiln is opened, aud the ore is 
then wheeled to the smelting-works ; if properly calcined, it has a dark 
red appearance, and is exceedingly friable; great care is required in this 
operation, as too much heat will cause the ore to melt, and a regulus will 
be formed. The ore is, in general, allowed to remain three or four days, 
previous to its being forwarded to the ulterior operations. It is then 
melted in a common blast-furnace, similar to those used in the Harlz, and 
other parts of Germany ; it requires there about 70 cubic feet of charcoal 
to smelt 8 cubic feet of copper. The regulus produced from this operation 
is from 15 to 20 per cent, produce, has a coarse open grain, and, in general, 
a deep porpie appearance. This is subsequently calcined six times; a 
semicircular kiln, about 6 feet long by 2 feet broad, with an aperture at 
the end, is built; 4 fms. of wood is in general required to the produce of 
109 tons of ore; each calcination lakes about 24 hours. After undergo- 
ing these calcinatious, the regulus assumes, when broken, a white ap- 
pearance, with h close grain, somewhat similar to white metal. From 
thence it is takeu to the copper furnace, and after remaining there 12 
hours, is tapped out in the form of rose copper (gahn Icobber ). The pro- 
duce of this is about 94 per cent. 

Wood Carbonised by High-Pressure Steam. — M. Violette, commissary of 
the government gunpowder works at Esqueros, has communicated to the 
Paris Academy of Sciences a process he bad adopted for making charcoal 
suitable to the manufacture of the best kinds of gunpowde . He finds that 
at a temperature of 200° centigrade = to 392° Fah., wood does not car- 
bonise ; that at 250° centigrade =» to 482° Fab., an imperfect charcoal alone 
is obtained, formerly called brdlots , or burnt wood ; that at 300° centigrade 
= to 572° Fah., the red charcoal is produced ; and that, at 350° centigrade 
■= to 662° Fah., and above, the operation invariably furnishes the black or 
complete charcoal. The time necessary for carbonization, he found to vary 
from three hours to half an hour, and the products passed from red charcoal 
to black progressively. He aLo took account of the produce of the char- 
coal, and found it to diminish in quantity in proportion as the carbonization 
was carried to a more advanced stage. The quantity of wood usually ope- 
rated upon by M. Violette was 25 kilog. = 1 cwt., and the wood employed, 
the blackthorn ( rhamnus frangula). 

fossil Tree. — A few days since, the workmen employed in the railway- 
cutting near the Coalbourn Brook, Staffordshire, discovered a fossil tree, 
ip a perpendicular position, in the lime and iron-stone formation called 
clunrh. It was 20 indies in diameter, and the top as flat as if regularly 
sawn off, while, in weight and hardness, it resembled iron-stone. A piece, 
of 4 feet in length, has been sent to Enville-hall, to enrich the Earl of 
Stamford's museum ; the lower part still remains, but its length has not 
yet lieu ascertained. 

A Coal Bed on Fire. — Under the village of Lower Haogh, near Rother- 
ham, Yorkshire, an extensive bed of coal bas been burning for twenty years, 
and threatens to destroy the village by undermining the foundations of the 
houses. The heat is very sensibly perceptible at the surface, and the in- 
habitants take advantage of it as a natural hot-bed for raising early vege- 
tables. The sulphurous smell and smoke, however, form a great drawback 
to this privilege, and indeed render some of the houses scarcely habitable. 
The coal was ignited at a part where it “ bassets out/’ by making a large 
fire there for the purpose of burning stones intended for road materials. 


The “ Great Britain ” Steam-Ship. — This celebrated vessel, with her ma- 
chinery, Balls, anchors, cables, Ac., was put up for sale by auction, at Liverpool, on Mon- 
day, the 18th ult., at which port she has been since September last. The “ Great Britain” 
was built at Bristol, in 1844, by the Great Western Steam. Ship Company, lor the New 
York trade: she was 3,442 tons, registered old measurement $ her length of keel and 
fore-rake, 286 feet; ditto overall, 319 ft. Sin. j beam, 50 ft. 4 In. ; depth 82 feet. She 
was propelled by engines of nearly 1 ,0«O horses'- power, and fitted with Woo croft’s 
patent screw propeller i and has accommodation for 25(1 cabin passengers, with stowage 
room for 800 tons cargo (measurement), and 1,200 tons coal. Her great strength enabled 
her to withstand the shocks of the heaviest seas, while stranded in Dundrum Bay, on the 
northern coast of Ireland, throughout a whole winter, without In the slightest degree 
altering her lines. The damage done io the engines and ship's bottom has been carefully 
estimated, after survey* by competent engineers and •hlp-bnilders, and, for a moderate 
sum, the whole ship and machinery might, it it stated, be restored to the original condi. 
tion. With a smaller pair of engines, capable of propelling her at a alighUy reduced 
speed, by which her coal stowage would be reduced one half, she would accommodate 
over 1,000 emigrants for a distant voyage. 1 he spacious sale-rooms of Messrs. Tongue 
and Curry, were densely crowded with merchants from all parts of the kingdom— there 
being at least 300 gentlemen present. Mr. Curry said, he was instructed to put the vessel 
up at a certain price, for the parties by whom he was employed, but he should prefer an 
offer from the company present. Some time having elapsed, the auctioneer informed the 
company that 20,000/. were offered for her. Another pause then ensued, when hs said be 
should take her in, on account of tbs owners, at 40,000/. During the progress of the 
sale, it was stated in the room, that if from 30.000/. to 35,000/. had been bid for the vessel, 
■he would have been sold. She originally cost 125,000/. 

The New Park at Battersea . — The new park at Batterrea, which hat been 
for some time In abeyance, will be commenced without delay, notices having been con- 
veyed on the 16th ult. to all the residents on the spot, that they must quit possession, the 
intention being at once to remove the houses. The wnter works will remain. The park 
will extend the whole distance between Battersea Bridge and Nine Elms, and from the 
bank of tbe river to the public road scrota Battersea Fields, making the length of the 
park about tw*o miles and a quarter, and Its width a little more than a mile. A carriage- 
drive forty feet in breadth wtil be formed along the bank of the Thames, and a suspen- 
sion-bridge will be thrown across the river to the spot where the Red House now stands. 
Towards the construction of this bridge the Marquis of Westminster has contributed the 
sum of 60,000/. At the south-western boundary of the park an elegant church has bees 
erected, and will be ready for consecration in the course of tbe present autumn. 


UST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM AUGUST 22, TO SEPTEMBER 21, 1848. 
Six Mont hi allowed for Enrolment , unless otherwise expressed. 


Hugh Lee Pattinson, of Washington -house, Gateshead, Durham, chemical dsnafac- 
turer, tor " Improvements in manufacturing a certain compound or certain compounds 
of lead, and the application of thia and certain other compounds of lead to various 
useful purposes."— Sealed August 22. 

Alfred Vincent Newton, of Chancery-lane. Middlesex, mechanical draughtsman, fw 
"certain Improvements in dressing or cleaning grain, and in separating extraneous nutter 
therefrom." (A communication.)— August 22. 

Edward Deuch, of Hurstperpolnt, Sussex, hot- house builder, for " Improvements in 
the roofing conservatories, hot-bouses, and other like structures." — August 26. 

William Young, plumber, and Henry Burgess Young, engineer, both of Barnstaple, 
Devon, for " Improvements In smelting and refining lead ores."— August 28. 

Charles Rowley, of Birmingham, Warwick, button-manufacturer, for " ImpWvementi 
In the manufacture of buttons."— August 28 

Elisabeth Chreea, of Homerton Castle, Homerton, Middlesex, for " Improvements to 
the manufacture of sealing wax."— August 29. 

Peter Wright, of Dudley, Worcester, vice and anvil manufacturer, for " certain Im- 
provements in the manufacture of vice-boxes, and In the machinery for effecting tb« 
same."— August 31. 

George Nasmyth, of Ebury-street. Pimlico, M Iddlesex, civil engineer, for " certain Im- 
provements in the construction of fire-proof flooring and roofing, which Improvements art 
also applicable to the construction of viaducts, aqueducts, and culverts." — September 4. 

William Wheldon, engineer to Messrs. John Warner and Sons, of Jewin-crescent. 
London, brass-founders and engineers, for " Improvements in pumps or machinery 
raising or forcing fluids."— September 4 

John Lewis Rleardo, of Lowndes- square, Middlesex, Esq , M.P., for " Improvements 
in electric telegraphs, and In apparatus connected therewith."— September 4. 

William Edward Hollands, of 73, Regent-quadrant, Middlesex, dentist, and Nicholas 
Whitaker Green, of 15, Walton-pUce, Chelsea, gentleman, for "a new manufacture of 
artificial fuel in blocks or lumps."— September 4 \ four months. 

William Losh, of Newcastle-upon-Tyne, for " Improvements in steam-engines-”- 
September 4. 

Henry Smith, of Vnlcan-works, West Bromwich, for "Improvements in the manu- 
facture of railway wheels."— September 5. 

William Dickinson, of Blackburn, Lancaster, machine-maker, for " certain Improve- 
ments In, and applicable to, looms for weaving."— September 11. 

Robert Walter Winfield, of Birmingham, merchant and manufacturer, and John W*«j, 
of Birmingham, aforesaid, a workman in the employ of the >ald Robert Walter Wloneld, 
for " certain Improvements In the manufacture of tnbea and in the manufacture of cer- 
tain articles made In part of tubes."— September 14. 

William Sager, of Rochdale, Lancaster, wool- dealer, for H certain improved mean* and 
apparatus for effecting the transit or conveyance of goods, passengers, and correspondence, 
by land or water, and for other such purposes, part or parts of which means and apparatus 
constitute a new and improved method of generating steam, which Improvement » sp- 
plicable to other purposes to which steam is generally applied as a motive power."— Sep- 
temb r 15. 

William Brown Roof, of Stanhope-street, Regent's- park, chemist, for "certain Im- 
provements In the construction of respirators "— September 21. 

Henry Wilson, foreman to Messrs. William Greaves and Son, of the Sheaf-work«. 
Sheffield, for " Improvements in tba manufacture of chisels and gouges."— September <**• 

Joseph Lillie, of Manchester, engineer, for " certain machinery or apparatus applicable 
for purifying and coollng.llquids, and tor purifying, condensing, and cooling g «»*»•’ ~ 
September 21. 

John Frearson, of Birmingham, machinist, for " Improvements In bending or shaptod 
Iron or steel, and other metals,"— September 21. 
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CANDIDUS’S N OT E-BOOK, 
FASCICULUS LXXXVII. “ 

" I roust have liberty 

Withal, as large a charter a* the winds. 

To blow on whom I please." 

I. I lately called attention to a very feasible improvement, or 
rather, highly desirable completion, of an important public edifice 
— namely, Somerset-place ; and my remarks appear to have been 
not entirely thrown away, since they have been noticed by others. 

I -will now mention another building — a public one, of considerable 
importance, and admirably situated in many respects, it having 
among other advantages that of being placed directly at the ex- 
tremity of a vista from one of the most frequented thoroughfares in 
the whole metropolis. Notwithstanding all which, it is in itself a 
most flagitious architectural monstrosity. Can any one, after thi6, 
beat a loss to guess what is the building which I allude to? I 
mvself know of no other so situated, precisely at the end of a vista 
whose sides enclose it. After this, and my calling it a perfect mon- , 
strosity, can you possibly be any longer in doubt? Those who still 
are so, ought to be left stickingfast in it, and left to help themselves 
out of it as well as they can. Don't be in a hurry, good folks; take 
your time, or take a map of London, and examine it, and then— 
Oh ! you have found it out, have you ? you guess that I allude. > 
after my own rigmarole fashion, to the front of Guildhall. Well ! 
since there is no denying it, 1 confess it : it is the front of Guild- 
hall that I mean, — and both mean and unmeaning enough it is in 
itself. Civic taste runs more in favour of turtle soup than archi- 
tecture, or the citisens would abridge the number of their annual 
tureenfuls of that luxurious fare, in order to accumulate funds 
for a worthy exterior to their banqueting-hall. As far as it goes, 
their taste is unexceptionable, but it does not go far enough ; it 
is very palatable, but not at all palatial, — at least, not externally, 
the exterior of tneir Hall of Guild being as tasteless as can well 
be conceived. Instead of turtle, venison, and champagne, it an- 
nounces water-gruel and cag-mag; it being the most veritable 
architectural cag-mag ever produced. Some of the city folks 
must, I think, have longed to carry off the Victoria porch from 
the Palace of Westminster, and plant it as a portal before their 
Guildhall, with such addition as might be found requisite for 
filling up the entire frontage. What that last may be, I cannot 
undertake to sav, — there being no published plan from which mea- 
surements can be ascertained. However, that we should there 
have a fac simile or duplicate of the Victoria porch at Westminster, 
is not at all to be desired. We might be very well content with 
something of similar character in regard to nobleness of idea and 
grandeur of design. Yet, so long as there is no absolute occasion 
for doing anything to the building, nothing is likely to be done ; 
wherefore, one is almost tempted to regret that it was not burnt 
down by the fire that broke out close by it some time ago, and 
threatened to lay hold “of it j but was, unfortunately, laid hold of 
itself, and arrested before it could perform the good office of 
ridding us of that scandal to City taste. Pity that that taste is 
more Apician than Vitruvian, — that it patronises turtle soup so 
much, as to have no patronage left for architecture. 

II. There are buildings which seem to have been intended to 
exemplify errors and defects, and thereby deter from anything 
similar being attempted. Among such monitory and well- 
intentioned works, we may place the front of the Royal Institu- 
tion, in Albemarle-street, which looks like a huge lodging-house, 
with as many eyes as Argu6, peeping out from between the columns 
of a Corinthian temple, — perhaps that of Argus himself. In- 
structive it may fairly be called, inasmuch as it makes manifest 
at a glance the utter preposterousness of attempting to unite 
together, as is there done, two such irreconcileable systems of com- 
position as are those of Columniation and Fenestration. Now, I 
am not quite so straight-laced in my opinions as to object to an 
order being employed as decoration, but then it should in every case 
accommodate itself to the structure which is so ornamented, 
instead of affecting to produce the same expression as a simple 
open colonnade, where the columns and their entablature alone 
constitute the exterior of the fabric. When first seen in such a 
foreshortened view of it that the windows within the intercolumns 
are concealed, the front of the Royal Institution suggests the idea 
of an open colonnade upon a noble scale ; but the very next minute 
we are undeceived, disappointed,— even disgusted. Instead of 
finding anything like nobleness or grandeur, we are shocked at the 
positive littleness and meanness which prevail in everything but 
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; the columns themselves. Not only is there a most violent 'and 
offensive contradiction occasioned by the adoption of conflicting 
modes and ideas, but there is no sort of keeping whatever as to style. 
After the columns, there is nothing whatever of Corinthianism 
in the other features and details. We find the most florid order 
applied as decoration to what is itself kept most penuriously bare ; 
so that richness and poverty of style — or, I might say, style and 
no-style— are coupled together. With such absence of all artistic 
feeling is that pretentious fa 9 ade treated, that what is meant for 
its decoration, oauses the building itself to appear most insignifi- 
cant, or even worse. Although both the columns themselves and 
the front are large enough, the whole is a mass of littleness and 
prosaic sameness ; for, as if there were rather a paucity than 
superabundance of windows, the very doors are made to resemble 
the windows as much as possible : therefore, So far, Hie design may 
be said to be all of a piece throughout — yet after go unlucky a 
fashion, that instead of being a merit, that circumstance becomes 
a defect. 

III. ^aste is subject, not only to wholesale revolutions, but to 
strange fluctuations and relapses. One day we are disposed to 
think that taste has taken a better direction thap, before^ and is 

. lifkqjy *9 advance in it if allowed tp have, its frep course^ wheri, 
th* my wexX, perhaps,- we are startled a»4 - stocked,, pussfod and 
perplexed, by some architectural monstrysity which runs/ quite 
counter to, and upset^ our calculations, (ll Although such is the 
foot, it seems hardly credible that. two structures which are almost 
within- eight of. each other, and erected, ju the very same year, 
ihould exhibit .such diametrically opposite-tastes as do Bridgewater- 
house and Mr. Hope's new mansion in Piccadilly. The latter is 
such a vile compound of uncouthness and deformity, as to be 
nothing lees than marvellous. That precious sample of design is 
said to be by some foreign architect, — which is the only thing to 
console us • yet, let whoever may be responsible for the design 
itself, the discredit of adopting it falls upon no other than Mr* 
Hope himself. Had an ignorant employer — one compelled to 
trust entirely to the taste and judgment of others, been prevailed 
upon to make choice of such a piece of studied ugliness, he would 
have been to be pitied, and our astonishment would have been 
greatly diminished. But Mr. Hope is not the man to be so im- 
posed upon; he has the reputation — the hereditary reputation 
at least, of being an authority in matters of art and taste, 
wherefore he is almost the very last person from whom so public 
a display of bad taste was to be apprehended. Besides marvelling 
much, there is also room for fearing that, through the influence of 
his name, his example may become contagious, and encourage 
others to perpetrate similar architectural enormities. One com- 
fort is, the building seems to be universally disliked and condemned; 
while the evil else to be apprehended from such example will now 
be greatly counteracted by the very opposite one of Bridgewater- 
house. What is to be regretted is, that instead of occupying as 
public a situation as the other, the latter mansion is comparatively 
secluded from notice. Even its Park-front cannot be seen very 
satisfactorily, all the lower part being completely screened by the 
garden, with its fence and shrubbery ; ana of as much of it as is 
visible, the rich and delicate detail becomes almost lost, owing to 
the impossibility of approaching sufficiently close to inspect it as 
it deserves. And the other, or south-front, which is somewhat the 
longer of the two, is where it is almost concealed from public ob- 
servation,— Cleveland-jow being no thoroughfare into the Green- 
park, but a mere cul-de-sac. 

IV. Bridgewater-house puts its neighbour, “ Sutherland," quite 
out of countenance. The two buildings contrast very strikingly 
with each other, and afford a very good lesson, and make manifest 
that decided improvement upon the whole has taken place within 
t^e fftst £ve-and-twenty years. In point of architectural quality 
Sutherland^h^use is a very ordinary production (by two of the 
Wyatts) ; mesquin in its ensemble, and insipid and flavourless at 
the best. There is nothing about it that can really be called style : 
it has none of the stamina of style, but merely feeble, usl manl 
nerism, without a single touch of genuine artistic feeling or taste 
or of con amore diligence. Undoubtedly there are many things 
quite as poor, or even very much worse ; therefore, if it be any 
praise to say that of it, to such praise Sutherland-house is un- 
equivocally entitled. Such praise, however, is only condemnation 
in a milder shape ; and if the structure in question is not to be 
called a failure, it is only because nothing more than dull routmier 
mediocrity seems to have been aimed at — and it has been produced. 
Apsley-house is another piece of Wyattism, and is such as to 
make us hope that that ism is now departed from among us for 
ever. In those days, Sansovino seems to have been quite unknown 
here, or else must have been put into an Index Expurgatorius. 
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V. In the SuWeets generally proposed to architectural students 
ki competition for academical medals or other premiums, no very 
great judgment is shown, they being almost invariably of a class 
altogether out of the sphere of usual practice. Such subjects as 
royal palaces, senate-houses, cathedrals, and others of a similarly 
ambitious kind, do not exercise those faculties and abilities which , 
are most of all necessary, because the opportunities for exerting 
them are comparatively of every-day occurrence. He who can 
display talent, ingenuity, and taste, on occasions which seem to 
afford hardly any room for displaying them, will be at no loss for 
ideas on more important occasions that may require him to put 
forth his strength, at the same time that they afford peat scope 
for his imagination. The converse does not hold good : the pro- 
duction of an extravagant chimerical prvjet as an academical 
theme, is no pledge for the sort of talent which is really wanted, 
any more than the obtaining a Gold Medal is any pledge for after- 
distinction* Subjects so rare and exceptional that they may be 
ranked among the phenomena of the art, are hardly the very best 
preparatory themes and exercises. Even granting that they tend to 
develop* and confirm artistic talent of a higher grade, if tne talent 
itself be- of a kind that requires extraordinary emergencies and 
illimH&bto resources for exerting and. displaying it, it becomes, in 
a manner, a superfluous one. Unless ne at the same time has 
powers mere generally available, the possessor of it is likoly to 
prove in the condition of Hercules employed in spinning with a 
distaff, at which labour his gigantic thews and sinews could have 
been of little service to him. Of Hercules’ handiwork of that 
sort, no “long yarns’* have been preserved as relics ; but no doubt 
they were rather clumsy ones — as clumsy as this fantastic compa- 
rison will perhaps be considered by many* So I drop it, and re- 
sume with a fresh paragraph. 

VI. Such ambitious efforts m architectural design as those above 
alluded to, do not at all serve to call into play what is a most var- 
iable species of ability, that which can accommodate itself to un- 
toward circumstances, and overcome difficulties. Where a carte 
blanche is offered, all those thwarting and fettering conditions 
which the architect must expect to meet and contend with, are got 
rid of at once. Comparatively little exertion of thought is re- 
quired where what may be called dreaming will suffice. Were 
carte blanche matter of course on all occasions, imagination might 
be left to run riot at will. Though as to imagination, it may 
he doubted whether even that is much exercised and disciplined by 
the kind of subjects proposed for Grande Prix and Gold Medals. 
They generally show more of high-flown but empty architectural 
bombast, than of fertile invention. When examined, they may be 
found to be made up out of the usual stock ideas — some of them 
rather worn out, or at least the worse for the wear. It requires 
no great exertion of imagination, or power of fancy, to draw out 
upon paper mile-long colonnades, or spires that shall pierce the 
clouds. Between such mere extravagance and the artistic and 
poetical, there is a wide difference. Moreover, it is very possible 
to be exceedingly extravagant and exceedingly dull at the same 
time. Some of -Soane’s architectural u visions,” as it pleased him 
to call them, partook of that double quality. There was enough 
of them as to measure and quantity, but the stuff itself of which 
they were formed was very ordinary and homespun — far more prosaic 
than poetical in texture. Schemes of such magnitude have ere 
now been produced upon paper, that Barry’s u Palace of Westmin- 
ster would shrink into insignificance in comparison with them ; 
yet, though the things themselves have been of monster sixe, they 
have oftener than not been made up of rather dwarfish ideas. 
Even empty common-place may be inflated to such bulk, as to look 
not only large, but solid too. But as a monster projet proposed 
by an Academy is required for producing the inflation, the bladder 
empties itself, and falls to the ground again. Were colossal; mo- 
numental edifices reared by us every day, there i would be some 
reason in proposing them as subjects to student? ; although even 
then they ought to be accompanied by some sort of conditions, 
which would have to be observed ; but as such is not the case, it 
would surely be better to direct study with more regard to the ap- 

S lication of it on ordinary occasions. And the talent which can 
isplay itself upon such occasions, — which is capable of elevating 
what seems to be a common-place subject into the sphere of art, by 
happiness of treatment and sxilful touches, — is, though it may seem 
a comparatively humble, an exceedingly rare one. It is one that 
demands artistic feeling, and a thorough knowledge of artistic 
character and effect. It works out, as it were intuitively, rules for 
itself, which unlike ordinary technical ones, do not admit of being 
formally and clearly expressed in words. 

’ VII. Ordinary rules have, no doubt, their serviceableness, but it 
is rather of a negative sort : the observance of them will prevent 


faults, but will not ensure positive beauties, or other merits than 
those which partake of mere routine, and are therefore equally at 
every one’s command— of the novice as well as of the master. 
Rules are indispensable, since they constitute the very grammar of 
the art ; but from its grammar to its poetry the distance is prodi- 
gious — at least, so great that ninety-nine out of a hundred never 
advance beyond the former so as to reach the latter. What is 
done by mere rules and routine, can be accomplished by one man 
just as well as by another. It is the something more — the undo- 
finable and individual non so che , which lying beyond the reach of 
rules, is not to be overtaken and caught by them. As far as this 
finer quality of art can be studied ana learnt at all, it is what every 
one must study for himself ; for it is not to be learnt from general 
precepts and rules, but from a careful and diligent examination of 
examples marked by such felicitous quality. Rules teach rmtch y 
hut they do not teach all . Yet, instead of being frankly acknow- 
ledged^ this is a truth which is thrust aside and Kept out of sight ; 
whereas it is one that ought to be strongly impressed upon every 
student. Rules and the observance of precedent will suffice for 
mere mechanical copying, but if architecture need not, or cannot 
now advance beyond that, it ought to forfeit all pretension to the 
character and title of Fine Art. And why should it or its fol- 
lowers for it be ambitious of such title, if it cannot support it by 
acting up to it ? If we are content with it in its present con- 
dition as a mechanical art, wherefore not confess as much by call- 
ing it so, instead of claiming for it an empty title, which only re- 
minds us of what it no longer is ^ Asa Fine Art, all its privileges 
seem to be gone ; therefore, they and its power being gone, it 
would lose nothing by being deprived of its nominal rank. This 
will, no doubt, be considered very harsh and unwelcome advice. 
Well, then, if its rank must not be given up, let us endeavour to 
render it worthy of such rank, and to re-instate it in its quality of 
Fine Art, endowed with all those prerogatives and privileges of 
which in these latter days it has been despoiled and stnpped, 
and forced to subsist upon the remnants of its former treasures. 


VIII. Many, it might be supposed, would be really glad, were 
the idea of architecture being a Fine Art to be altogether renounced, 
since art does not seem to be at all their element. They are safer on 
dry land — on the honest terra firma of practical routine. Art is « 
treacherous element to those unprepared for and inexperienced in 
it. If, according to the opinion which, though not formally ex- 

E ressed, is to be gathered from the remarks of certain writers, we 
ave no further occasion for artistic invention, or any actually ope- 
rating and creative principle in architecture, but may get all tne art 
that is required for it at second-hand, and would therefore do well 
to confine ourselves exclusively to traditional forms and ideas, — if 
such be the case, and we can now dispense with art itself, we can 
surely dispense with the name of it. Or, if we must call it art, 
let us call architecture the art of making new buildings by 
copying or hashing-up old ones. But to affect to consider and 
style it a fine art, when we make it in practice just the reverie, 
partakes too much of quackery. Architects are now such a nume- 
rous class, that it would be Btrange if there were not some among 
them who might fairly aspire to the honourable name of artists ; 
but the majority have very questionable claim to it, and some 
none at all; nor even so much as any genuine relish for their “art": 
and the want of earnest affection for it, is of itself a proof of the 
want of the talent requisite for it. 

IX. Those who admire one style of architecture, are apt to 
be not merely indifferent to, but intolerant of every other. The 
lover of pure Greek architecture sees only the corruption of it In 
the Roman style ; and of this latter, the degradation in the 
Italian. His standard of excellence is the Parthenon; and by 
that standard he tries everything else, no matter how different 
may be the principles upon which it is constituted. He would have 
Greek-Done temples spring up everywhere throughout the length 
and breadth of Europe, and of America also. He is willing to 
extend some degree of favour to Ionic, that being at all events 
Grecian ; but Corinthian is Roman, and shows a sad falling-off 


both in his liking and his antipathy, holding Greek architecture to 
be frigidly severe and monotonous, exceedingly boml withal; and 
Gothic, together with nil other medieval styles, to exhibit only 
the barbarous conceits of the dark ages, — to be utterly devoid of 
“ proportions,” lawless, extravagant, and irreducible to u rules.” 
Such at least used to be the case, for at the present day, such 
sweeping condemnation and insolent contempt or medieval archi- 
tecture cannot be expressed with impunity. Tempora mutant**: 
Gothic may be said to have now the ascendancy, and its admirers 
and devotees repay with compound interest the insults and indigo 
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cities which it formerly received from the Italian school attd *4 
followers. Opposite m they are in their tastes, all those parties 
are alike in one respect, they being all alike one-sided, prejudiced, 
and intolerant in their antipathies, and cheating themselves out 
of much varied enjoyment by limiting the sphere of it to the 
compass of a single style of tne art ; instead of sympathising with 
the beautiful and intrinsically aesthetic in architecture, whatever 
maybe the particular form under which it presents itself, ortho 
name to which it answers. 


STUDY OF MECHANICS* 

Mechanical science is certainly the most ancient branch of 
natural philosophy. The very commencement of existence is the 
exercise of force; and of all his physical powers, the first which 
man puts into operation is his strength : the whole business of his 
animal life consists in the exercise of it, and from the beginning of 
the world until now, every human being, from his cradle to his 
grave, has been making repeated experiments in that knowledge - 
which only modern philosophers profess to teach with perfect 
accuracy. 

Why has a study, of which the study has been universal and 
uninterrupted, advanced with such slow and uncertain steps? 
.This tardy development is not the history of all other scienoes. 
^Geometry — the exact knowledge of forms and dimensionsr— though 
its applications to the purposes of life are much fewer, and mush 
, later required, became a methodic science, while mechanics still 
remained a crude collection of facts. So late as the end of the 
sixteenth century, the very simplest phenomena of falling bodies 
were in doubt. A heavy body falls to tne ground more rapidly than 
a light body, said the opponents of Galileo.— The weight of the 
bodies makes no difference in their motion, was his counter-asser- 
tion. Now, here was a question which the world might be. presumed 
to have settled for itself before it was five thousand six hundred 
years old. If there be any operation of nature more frequently 
'"observed than another, it is this very one of the descent to the 
ground of unsupported bodies. Yet, notwithstanding the incal- 
culable number of previous observations, it was necessary that 
Galileo should appeal to direct experiment to support his views. 
He ascended to the top of the leaning tower of Pisa, with two 
balls differing very much in weight, yet both of snch a density as 
not to be much affected by the action of the air. The balls were 
simultaneously dismissed from his hands, and reached the ground 
at the same moment, or at least without perceptible interval. 

This was conclusive ? — On the contrary, the discussion gained 
in vehemence what it lost in argumentative reasoning. Galileo’s 
opponents were not convinced, but merely irritated. From time 
immemorial, it had been believed that the greater the mass of a 
body, the. greater was the acceleration of gravity. Was it to be 
supposed — they asked — that they and all preceding philosophers, 
from the time of Aristotle, had been mistaken on this fundamental 
point? Rather than concede that, they chose to disbelieve the 
evidence of their own senses. 

The momentum of mind operates as manifestly as that of 
patter. The difficulty which Galileo had to combat, arose not 
from the nature of his subject, but from the necessity of overcoming 
the previous tendency of men’s minds, and moving them in a 
contrary direction. This difficulty has existed throughout the 
history of mechanical science : now, also, it is the greatest obstacle 
jbo the student’s progress. 

If there were no previous errors and prejudices to be overcome, 
no previous misconesptiqns/ to be unlearned, mechanics would be 
one of the most easily-ipcqu^red branches of human knowledge. If 
the brain were as an unwritten, unsullied scroll, ready to reoeive 
those fair character^ ,whiGh have been traced and perfected by the 
co-operation of the most stupendous efforts of human intellect — 
the liability to. error. .and, confusion would almost cease to exist. 
'But this can never be the case* The student has been learning 
mechanics long before he commenced the study of its systematic 
laws. He has, as was before said, been experimenting on the 
^ubiect from his infancy ; and his experiments have been so crude 
and irregular, that almost every conclusion derived from them 
involves a certain amount of error. 

Not until a very considerable progress be made in the study of 

* Ft am the Introduction to Part I. .hut published, of the **Cirll Bnftneer end Archi- 
• t«c>t*e Caore# of Mechanics, applicable to Struct ores end Machines/* By Homtrahain 
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mechanics, is the full extent of tins disadvantage perceived. The 
science may be approached with a perfect willingness to acquiesce 
in its doctrines, but the perversion of undigested experience creates 
difficulties and prejudices which not the will merely, but great 
mental strength and long-continued mental habit also, are required 
to overcome. It becomes, then, a matter of great importance to the 
student to ascertain before-hand the precise nature of these preju- 
dices and difficulties. They are manifold : and before they can be 
fully understood, some idea must be acquired of the character of 
the evidence on which the conclusions of the theory of mechanics 
are founded. , , . a 

This evidence is of several kinds : that which will most influence 
the tyro— that which will always he most valid in popular estima 
tion — is the weight of authorities. The testimony, however, of great 
names, high as it ie in itself, is by far the lowest kind of evidence 
of the truths of mechanics. A sciolist will stop the mouths ef 
those who know as little or less than himself, bv quoting the 
authority of Newton, Leibnita, Euler, the Beraouillisy Lagrange 
Laplace, or Poisson. The man of science cannot be jso: answered- 
To him — to no one else so much — the ideas of these master-minds 
are of the highest importance ; but they do not work conviction.. 
Between the effect of Newton’s dictum, and of the greater pert of 
Nbwtod’s reasoning, there exists that immeasurable difference which 
intervenes between a very thigh probability and ahsolwt* (certainty 
In the absence Of mere exact * information, the mere * knowledge 
that a certain conclusion is supported by the opinion of one or 
more of the great founders of the science, will and ought of itself 
be a strong argument, but not 1 an insuperable one. To assert that 
the authorities were felttbte, is merely to assert that they were 
human, and that science is progressive. . 

Another, and a higher, though not the highest, evidence, is that 
derived from comparing the remote predictions of theory with 
actual observations. Let us cite an instance. Mathematicians 
infer from the law of gravitation, that the earth moves round the 
sun in an elliptic orbit, if tbe very small perturbations arising 
from the influence of other celestial bodies be neglected. This 
prediction as to the earth’s course is so remote a consequence of 
theory, that it could not have been immediately foreseen— the 
theory could not have been shaped merely to meet this particular 
case. Now, the knowledge of the earth’s actual course depends on 
the evidence of mere eye-sight, and may be ascertained, inde- 
pendently of all theory, by purely practical observations. Ho* 
far, then, do these observed results verify the theoretical anticipa- 
tions ? u If we trace on paper,” says Sir J. HerscheL u an ellipse, 
ten feet in diameter, to represent the orbit in which the earth is 
moving about the sun, and if we trace by its side the path actually 
described in its revolution around the sun, the difference between 
he original ellipse and the curve actually described is so excessively 
tminute, that the nicest examination with microscopes continued 
along the outlines of the two curves* would hardly detect any 
perceptible interval between them.” 

Again, it is known that the solar orbit slowly changes from age 
to age. The effect of this variation, .Laplace showed to be that the 
moon moves more rapidly around the earth now than it did in 
remote times. This result of theory is exactly verified by obser- 
vation. It has been ascertained, from the records of ancient lunar 
eclipses observed by the Chaldean astronomers, and subsequently 
by the Arabian astronomers in the eighth and ninth centuries, that 
tne moon’s mean motion is increasing by about eleven seconds in 
a century. 

The action of pendukmts* the most delicate and refined instru- 
ments used for scientific purposes, exemplifies, in a wonderful 
manner, the predictive power wf mechamoal philosophy* The 
earth’s rotation causes bodies at 'the equator to he acted upon 
'bp ^centrifugal force, in the contrary direction to their weight; 
it is clebry ^therefore, that their tendency • towards the earth is 
diminished. The value of this diminution, as also of its effects 
on the vibration of pendulums, is determined by theoretical cal- 
culations, which take into account a large number of indept nd^nt 
considerations— the earth’s radius, spheroidal attraction, the in- 
ertia of the pendulum, the efforts of thermometric expansion, 
the barometrical pressure* the resistance of the air; «c. By 
most elaborate processes, then, it is determined that the same 
pendulum which beats seconds in London (that is, vibrates 
88,400 times in the twenty-four hours), ought to make fewer 
vibrations by about 140 at the equator. Also, the number of 
vibrations which this pendulum ought to make in various other 
latitudes, north and smith of England, have been computed; 
and the results have been confirmed by observation, in a re- 
markable manner. Pendulums, constructed with the greatest 
care, have been carried from London to many places on the 
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earth's surface, and their performances observed with extreme 
caution. The discrepancies observed between these results and 
those of theory are so minute, that no one but a mathematician 
would regard them ; and he successfully ascertains that they 
arise from incidental circumstances, wholly independent of theo- 
retical computations. 

Such results are magnificent exhibitions of the powers of the 
mechanical sciences. The tests of their accuracy are immea- 
surably more varied, more numerous, and more minute, severer, 
longer continued, and executed on a grander scale, than those 
to which any other natural science is subjected. But the accu- 
racy of a system is not absolutely proved by the circumstance 
that in any finite number of instances it leads to right con- 
clusions. It is possible — though excessively improbable — that 
this accuracy is, in every case, merely the result of fortu- 
nate guesses. And this view of the subject is not so very 
unnatural, when it is remembered that such fortuitous anticipa- 
tions, though very remarkable, are by no means uncommon, and 
that some of the most important laws of mechanics were won- 
derfully felicitous conjectures long before they were demonstrated 
truths. 

The absolute certainty, then, of mechanical science must rest 
on yet higher grounds. Its supreme authority consists in this — 
that all its conclusions are rigorously logical inferences from 
indisputable elementary laws. The philosopher has a right to 
demand unreserved credence so far, and only so far, as he can 
establish such inferences. The demonstrative truth of his results 
depends on the answers to these two questions — Are the ele- 
mentary laws indisputable ? — Are the deductions from them 
rigorously logical ? These are the two bases of the whole evi- 
pence. Let them be considered in their respective order, for the 
right comprehension of them will greatly facilitate the object 
proposed in the present* inquiry — namely, to explain the prelimi- 
nary difficulties of the study of mechanics. 

irst, as to the elementary laws : their peculiar characteristics 
constitute the very perfection of the science. In number they 
are so few, that a priori it seems impossible to build upon them 
any system of great extent : in nature they are so simple and 
apparent, that the mere enunciation of them necessarily carries 
with it immediate assent. These fundamental principles, regu- 
lating the minutest and the grandest phenomena of the material 
world, are yet detected at once on the most imperfect and careless 
observation of the operations of nature. They are inductions, 
either from the rudest, or from the most refined, experiments. 
Indeed, it is sometimes difficult to perceive that our knowledge 
of them is experimental at all, and not intuitive ; — at this very 
moment, there are controversialists who believe them to be mere 
axioms or self-obvious truths, innately perceived in the mind, 
and not acquired from sources external to it. 

And here it is necessary to establish a distinction between these 
fundamental laws and their ultimate causes. With the latter, the 
mechanical philosopher has no concern : he seeks only to ascertain 
and trace tne effects of the rules by which material bodies are 
observed to operate on each other ; but causation or speculation 
as to the modus operand i, forms no part of his inquiry. That 
heavy bodies are drawn towards the earth when unsupported, is a 
fact, of which, notwithstanding its constant occurrence, no expla- 
nation has ever yet been given. Were we not so familiar with 
this phenomenon, it would appear very wonderful, that one body 
should approach another without any communication between the 
two, or any visible cause of the motion. To say that it is due to 
the earth's attraction or gravity, is merely to give a name to, 
not an explanation of, the mystery. Again, who can tell what 
mighty, unseen chain binds this earth to move for ever in a cer- 
tain orbit round a body ninety-five millions of miles distant? 
Planets and satellites, apparently isolated in space, separated from 
all other bodies by distances which the mind is utterly incapable 
of recognising, move on from age to age in their predestined 
courses ; yet, so silently, that no mortal ear ever yet heard the 
sound of their mighty mechanism. Man. indeed, discerns its 
minutest operations, and from their regular recurrence learns 
to predict tnem with unfailing accuracy ; but the secret agency 
which pervades and guides the whole system, remains an un- 
searched, an unsearchable, mystery for ever. 

The harmonious concord of nature, however — her consistency 
and never-failing regularity — these are questions within the pro- 
vince of mathematical reasoning, and these are the questions upon 
which the evidences of mechanical science rest. Let it be ascer- 
tained that the laws of matter are unchangeable and universal, 
and a system may be founded on those laws, which can never 
be shaken by speculations as to their ultimate causes* 


Such, then, are the premises from which the mechanical philoso- 
pher reasons. The only remaining question as to evidence is this 
— are the inferences frqm them rigorously logical ? 

The premises are obtained by induction, the inferences by de- 
duction. The premises, as has just been said, are arrived at by 
comparing a great number of natural ^phenomena, and extracting 
the simple principles common to them all. This is the process 
of induction, which reasons by analogy from examples. All the 
physical sciences derive their origin from this source; for how 
are we to contrive a physical science — that is, how are we to 
reduce any class of natural phenomena to a regular system — 
unless by ascertaining, from nature herself, the primary laws 
by which she acts ? It is clear, that if a man did not look out 
of himself, into the external world, for this elementary know- 
ledge, his system would be nothing more than an ingenious fig- 
ment of his own brain. 

But the application of the primary laws depends on another 
kind of logic than that of induction. Now, we no longer reason 
by analogy — no longer refer to examples — no longer, indeed, draw 
knowledge from the external world. Nature has furnished the 
premises ; the mind of man depends on itself alone for the in- 
ferences. These are deductive from that application of logical syl- 
logisms to abstract propositions, which is no other than the pro- 
cess of common-sense— tne very highest kind of reasoning of wnich 
the human mind is capable. It is not within our present scope 
to discuss the principle on which deductive reasoning depends, 
further than by explaining, that it may always be immediately 
referred, or ultimately reduced, to the Aristotelian dictum, de 
omni et nullo — what is universally true of a class of things, is 
true of anything in that class. It is not necessary, however, 
to examine minutely here this logical, or rather metaphy- 
sical, question: it is enough for our purpose that there are 
certain primary truths which the mind universally recognises, cer- 
tain elementary methods of combining them, the validity of which 
is as certain to every man as his own consciousness, — and that 
on these primary truths and these elementary methods the in- 
ferences oi mechanical science exclusively depend. 

Of course, the full effect of these considerations can be per- 
ceived only in the actual study of the science itself. But we 
are now in position to explain the difficulties which originally 
retarded its progress, and which, even now, constitute the 
greatest obstacles to the student's progress. Geometry, it was 
mentioned, became a systematic science, while mechanics re- 
mained obscure and confused. If the preceding attempt to 
explain the foundations on which the latter science depends, have 
been at all successful, the reason of the earlier development of 
geometry will readily suggest itself. One of the elements of 
mechanical investigation — experimental induction — was wholly 
wanting in geometry. It is needless here to inquire whether 
any of the primary ideas of this science also be derived from 
experience: we may well be anxious to avoid a discussion of 
those essential affinities and distinctions between the objective 
sciences, respecting which such men as Bacon, D'Alembert, 
Diderot, Locke. Adam Smith, Dugald Stewart, Turgot, &c., 
have been unable to agree. But this is readily seen, and is 
of itself quite sufficient to explain the comparatively rapid 
development of geometry — that its progress was not impeded 
by difficulties incident to the advancement of mechanics — the 
necessity of making experiments, and of selecting, from an 
overwhelming abundance of results, those which, from their 
universality and precision, might be made the foundations of 
the new science. 

The same difficulties occur to the student now. He ap- 
proaches the study of geometry with an unprejudiced mind: 
whatever previous ideas of space, form, and distance he has 
acquired, may be confused and imperfect, but they cannot 
be positively erroneous. Geometry contains no secret principles, 
detected only by their effects; all its subjects are so obvious 
and palpable, that any direct mistake respecting them would 
be certain to soon detect itself. But of mechanics, almost 
every doctrine is unconsciously prejudicated before the com- 
mencement of its systematic study : here is a secret principle, 
undetected, except by its effects — an invisible agent, Foacis 
of which the existence is ascertained only by experience of 
its operations, and of which the ultimate nature is altogether 
unknown. 

The great task, then, which the student of mechanics must 
perform, is to refer every problem to first principles: to re 
train from appealing to his own physical notions, acquired 
accidentally and without method. Not that he is required to 
give up the right of private judgment, or subject it, uncon- 
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vinced, to a fixed standard. Thus far only is he called upon 
to yield to the experience of his predecessors in the same 
pursuit — to give credence to their assertion that all the know- 
ledge which he requires may be derived from the elementary 
principles which they lay down. The accuracy of those prin- 
ciples, and the legitimacy of the inferences from them, he must 
determine for himself by the effort of his own mind, indepen- 
dently of— if he please, in defiance of — the influence of stan- 
dard authorities. 

By adopting the method, here insisted upon as all-important, 
of referring every question to a few first principles, his science 
becomes a connected chain of reasoning, and acquires the two 
great advantages of method, certainty and facility — certainty of 
the accuracy of his knowledge, facility in applying it. This 
power, however, of tracing the mutual connection of the 
several parts of mechanics, and the ultimate dependence of 
each part upon elements common to them all, is to be ac- 

n ea only by long-continued habit. There are certain prac- 
difficulties however in the exercise of it, of which the' student 
ought to be forewarned, and which act as snares upon his judg- 
ment ; oftentimes inducing him to believe that he traces a logical 
consequence where none in reality exists. 

Of these sources of error in tne pursuit of mechanical science, 
the inost important are included among Bacon's idola fori — idols or 
fallacies, of which the power arises in the forum or common inter- 
course of mankind — the defects of words — the names of non-exist- 
encies, or confused names of existences. Language can never be 
so perfectly refined as to avoid entirely this disadvantage, for while 
the subtlety of nature is infinite, the subtlety of words is finite, 
and, in general, serves only to nominate general ideas, and not 
their minutest distinctions. In erecting the lofty edifice of science 
on so narrow a basis as a few elementary definitions and axioms, 
extreme exactness in the use of words is therefore requisite ; and 
beautifully is it said, that when we attempt to rear a temple to 
heaven, we must not be unmindful of the confusion of languages. 

Of no science have the principles been subject to more vehement 
and learned debate than mechanics ; yet most of these debates 
have been ultimately discovered to be mere logomachies— disputes 
about words— which, it is therefore reasonable to suppose, would 
never have arisen had it been possible originally to give strict de- 
finitions of the terms involved. Perhaps the most instructive 
-example of a learned controversy turning out to be a mere strife 
of words, is that respecting Vis Viva — a term retained in modern 
science as a mere technicality, of which the interpretation does not 
depend on any mechanical knowledge, but is purely conventional 
and arbitrary. The following account of the controversy is taken 
from Walton's “Mechanical Problems," a work, the value of which 
to the English student of the physical applications of mathe- 
matics, it would be difficult to over-estimate : — 

“ Leibnitz contended, in opposition to the received doctrines of 
the Cartesians, that the proper measure of the Vis Viva, or 
Moving Force of a body, is the product of the mass into the square 
of the velocity; the measure adopted by the disciples of Descartes 
having been the same as that of the Quantity of Motion — namely, 
the product of the mass and the first power of the velocity. This 
contrariety of opinion in respect to the estimation of Moving 
Force, gave rise to one of the most memorable controversies in the 
annals of philosophy ; almost all the mathematicians of Europe 
ultimately arranging themselves as partisans, either of the Car- 
tesian or Leibnitzian doctrine. Among the adherents of Leibnitz 
may be mentioned John and Daniel Bernouilli, Poleni, 'sGrave- 
sande, Camus, Muschenbroek, Papin, Hermann, Bulfinger, Koenig, 
and eventually Madame du Ch&telet ; while in the opposite ranks 
may be named Maclaurin, Clarke. Stirling, Desaguliers, Catalan, 
Robins, Mairan, and Voltaire. * * * * The memorable 

controversy of Vis Viva, after raging for the space of about thirty 
was finally set at rest by the luminous observations of 
DAlembert, in the preface to his 4 Dynamique ,' who declared the 
W •£i < ^ S * )ute *°. a mere question of terms, and as having no 
possible connection with the fundamental principles of mechanics. 
Since the publication of D'Alembert's work, the term Vis Viva has 
been used to signify merely the algebraical product of the mass of 
a moving body and the square of its velocity ; while the words 
Moving Force have been universally employed, agreeably to the 
a^on gj v ®n by Newton in the 4 Principia ,* in the signification 
♦ v? P r .° . °t the mass of a body and the accelerating force 
to which it is conceived to be subject: no physical theory whatever, 
in regard to the absolute nature of the force, being supposed to be 
involved in tfiese definitions." 

Technicalities expressing the elementary ideas of mechanics are 


idola fori belonging to the commencement of the science : other 
and different difficulties of language occur in its ultimate conclu- 
sions. Among the remote results of elaborate investigation are 
certain general theorems, exceedingly extensive and useful in their 
application ; but which, if inaccurately enunciated, may be made 
to include cases which do not belong to them, and exclude others 
legitimately within their province. These difficulties may be 
termed questions of jurisdictions. When the language of a general 
theorem does not indicate with precision its jurisdiction over any 

I mrticular case, or its proper mode of application to it, the only 
egitimate mode of arriving at a decision is by tracing the processes 
[ by which the theorem itself has been arrived at, and considering 
I whether the particular case in question was contemplated in them . 
The general mechanical theorems have so vast and varied applica- 
tions, that the bare enunciation of them, however carefully expressed, 
is utterly insufficient to convey to the student's mind an idea of 
all their consequences. Their actual operation, and the boundaries 
which define their power, quo* utra citraque nequit consistere rectum , 
can be fully learned only by actual practice. In this respect, the 
science of jurisprudence presents a striking analogy. We are accus- 
tomed to reverence the common law of England as the accumulated 
wisdom of ages — the combination of the most subtle sagacity and 
the most extensive experience. But who does not know that a 
bare acquaintance with the general principles of law is practically 
insufficient for the solution of particular cases — that amidst the 
infinite variety of combinations to which the business of life gives 
rise, the abstract rule cannot be successfully applied without a cer 
tain intellectual dexterity, which long experience and constant 
practice alone confer? 

The importance to the mechanical student of expertness 
similarly acquired, can scarcely be over-rated. His efforts 
should be incessantly exerted in the application of mechani- 
cal principles to the direct solution of problems ; and it is 
scarcely too much to assert, that his knowledge of the science 
will be proportional to the number of problems which he 
solves. The most trivial incidents of his every-day life— every 
weight which he moves, every action of his muscles, suggest 
cases fruitful with instruction respecting the laws of force. 
There is not a single spot in the material world, free from 
the influence of force ; and he has but to look around him, 
to discern innumerable instances in which the rationale of 
their action may be investigated, and the consequences of 
them predicted. This unintermitted habit of ransacking the 
stores of nature, of tracing the most trivial and the grandest 
of her operations to first principles, strengthens and confirms 
the power of investigation, and reduces those effects of the 
material laws which on a superficial view appear confused and 
disconnected, to one harmonious and simple system. 

Another class of errors peculiarly incident to our science, is 
that arising from incorrectness of data — the neglect of operating 
causes, either from absolute oversight or from an impression that 
their effect is inconsiderable. The first of these mistakes will 
seldom be made, except by an inexperienced student; and may 
be altogether avoided by practice and care in conceiving the 
exact nature of the question before him. As a useful pre- 
caution against this difficulty, he should habituate himself to 
test the accuracy of his conclusions by particular instances, and 
by varying this test within the widest legitimate limits. If, in 
any one instance, his general investigations lead to an absurd 
consequence, they are themselves erroneous; and it will be ne- 
cessary to re-examine them, and ascertain at what step the 
error arose. 

There are more difficult cases, however, where the neglect 
of data arises, not from oversight, but from necessity — where 
thd complexities of the question are such, as to render its 
solution impracticable without hypothetical simplifications. In 
all such instances, the investigator must remember that he is 

solving, not a question of real existence, but an artificial case 

making the nearest approach to it which his powers of inves- 
tigation permit. In practical mechanics, this consideration is 
especially important ; and, as a genera] rule, no such hypothe- 
tical simplification should be admitted — or at least acted upon 

without some estimate of the limit* of the error which it may 
possibly induce. 

Complicated mathematical formula are wholly unsuited for the 
practical application of mechanics, on account of the refine- 
ment and exactness of both workmanship and computation which 
they require. . The only formula which the practical artisan 
or mechanic will trust , are those which he can readily apply, 
and which afford a margin for all the diversified circumstances 
of practice, unavoidable and unknown imperfections of materials, 
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and other irregularities of detail. The method of determining 
results between certain limits, has the advantage of leaving 
such a margin, and will therefore be frequently employed in 
the following pages. Among its incidental recommendations 
is this, — that it genepall^ gives great simplicity to formulas 
which otherwise woul<f4>et Exceedingly complicated. 

It is not within the compass of the present work, restricted 
in the use of mathematical language, to give a systematic de- 
velopment of the whole science of mechanics : its principal aim 
is to explain those parts of the science which are of the most 
direct economical importance, and to assume as little previous 
knowledge as possible on the part of the reader. He must 
be forewarned, however, that in solving mechanical problems, 
the difficulty does not wholly consist in determining the nature 
of the forces supposed to act — but, in a great degree, in as- 
certaining the portion of the several parts of the system at 
which they are applied. This latter difficulty is, or course, 
only to be overcome by a competent knowledge of pure geo- 
metry. Galileo, the father of modern mechanical philosophy, 
has explained this point with like accuracy and eloquence. La 
filosqfia — says he, in his Saggiatore — d scritta in questo grandis- 
suno libro , che continuamente oi sta aperto innanzi agli occhi , ma 
non si pud intenders, se prima non stmpara a intender la lingua 
t oonosceri caratteri , ne quali l eeritto. EgH l scritto in lingua 
matematioa , e i caratteri son triangoH , cePchi, ed nitre figure geo - 
metriche: senza questo l un aggtrarsi vanqmente per un oscuro 
labirinto .* 

The Elements of Euclid are, and it may be safely assumed 
always will be, the best foundation of the study of geometry. Un- 
rivalled simplicity and perspicuity recommend this work as an 
elementary treatise ; its method and precision claim for it the 
highest position among works devoted to the exact sciences. 
The first four and the sixth books should be thoroughly mas- 
tered: and, above all, the intelligent student will endeavour 
to imbue himself with the spirit of Euclid, — to trace the unin- 
terrupted current of his reasoning, from the fountain-head (the 
axioms and definition) to the final conclusions. It is the dis- 
tinct dependence of inferences on their premises, which renders 
Euclid invaluable in disciplining the mina into a habit of logical 
and consecutive reasoning. The beginner will sometimes meet 
with propositions so simple and obvious, that it appears an idle 
waste of time to prove them — let those propositions be his es- 
pecial study : when he has mastered their demonstrations, he will 
see that Euclid’s intention was — not to explain trivial truths, 
but to show, how they might be deduced as necessary conse- 
quences of his principles. The familiar study of this ancient 
work — it has stood its ground against all attempts at improv- 
ment for two thousand years — will gradually induce a ma- 
thematical habit of mind, and a right appreciation of the real 
nature of proof — of that which not merely does, but ought to, 
produce conviction. 

As preliminary to the study of mechanics, some knowledge 
of the elements of trigonometry is requisite. The history 
of mechanical science will also affords important facilities for 
mastering its principles. The full value of a scientific 
theorem is not appreciated without some knowledge of the 
hard struggle by which — so to speak — it has been wrung from 
nature. . The wanderings of the earlier mathematicians, their 
fruitless labours and controversies, their slow and gradual ap- 
proximations to right results, reveal the subtle nature of phy- 
sical truth, the narrow boundaries which separate it from error, 
and the necessity of maintaining those boundaries inviolate. 

Dispute respecting the laws of mechanics is no longer pos- 
sible. They are demonstrated ; and to attempt to make them 
matters of controversy, is to exhibit ignoraace qf the processes 
by which they have been ascertained. “ We hqve, therefore,” 
it has well been said, “ no sects nor parties in mathematics ; but 
they abound in every other department of human opinion.* And 
again, u in mathematical questions, where relations of quantity 
alone are concerned, a dispute can be completely terminated ; 
because, from wrong premises, or false reasoning, a contradic- 
tion can be at leaat shown to result.” 

If, then, the labours which perfected the science of mechanics 
—for it i9 now perfect — have been great, if its study now task 
severely the highest efforts of the student's mind, are not the results 
commensurate ^ ? The revelations of pure truth in its most 

* Philosophy Is written In that greatest of books which stands continually open btfote 
the eyes of men [that la, the nnlrcrae], but cannot be learned without previous prepara- 
tion to understand fbs lapraage and decipher the characters in which it is written. It is 
written In the language of mathematics, and Its characters are triangles, circles, and 
ether geometrical figures; vtthoet which, we should wander in vain, through mazes end 
ebscunty. 


attractive forms — its manifestations in the grandest phenomena 
of nature, and the proudest achievements of art — these are 
the wages of philosophic toiL So vast are the domains of tide 
science, that every year brings tidings of new and rich disco- 
veries within it : while its applications to the practical wants 
of men are ever receiving fresh and more important develop- 
ments— ever creating revolutions more extensive^ more lasting, 
and more noble than those of politics or war. 


ARE WE TO HAVE AN ARCHITECTURAL EXHIBITION? 

Something of the kind seems to be dawning upon us : there Is 
what iust at present looks like the prospect or such exhibition, 
though it may after all turn out to have been a mere unsubstan- 
tial and deceitful mirage. In proportion as we are anxious that 
the vision should be realised, we feel apprehensive of its fading 
away into nothing. We learn from a contemporary, that the 
a Architectural Association” purpose to M get up an annual archi- 
tectural exhibition.” Between purposing and firmly determining 
noon a scheme, there is a good deal of difference, more especially 
wnen the purposed u getting up” is likely to prove very up-hill 
work. This remark is meant not to discourage so much as to sti- 
mulate. In order to overcome difficulties, it is necessary to look 
them boldly in the face at once, and be prepared to encounter 
them. 

The u Architectural Association” is a junior society, which as 
yet hardly stands before the public at all,— certainly not in any im- 
posing attitude. It has no royal standard to hoist in the form of 
a charter — the chief privilege conferred by which seems to be that 
of indulging in indolence and doing nothing. Yet, if it have no 
charter, a junior and youthful society has, or ought to have, some- 
thing greatly in its favour; for it may be presumed that it pos- 
sesses zeal and energy, of both which much will be required, in 
order to carry properly into effect the scheme they are said to me- 
ditate. One question for consideration is, how is it likely to be 
looked upon by the Institute ? As to the Royal Academy, that 
body woulfL no doubt, be exceedingly well pleased at a separate 
exhibition for architectural drawings and models being established^ 
since they would thereby be almost entirely relieved from works of 
that kind, which it is evident enough they take in very reluctantly, 
and treat very slightingly. That the Institute would not take 
umbrage at that being done by a junior society which they have 
left undone (although their means for effecting it are as great, or 
much greater), is not quite so certain. Apathetical as it is, the Insti- 
tute might yet feel something like awkward compunction and 
shame, were others to bestir themselves diligently, and venture 
upon an experiment which, should it succeed, would place them 
before the public more prominently than the Institute itself can 
boast of being. 

The success of the experiment, however, will depend very much 
upon the manner in which it shall be made. If it be made at all, 
it is to be hoped that it will not be timidly and feebly. — And R 
here strikes us that we have possibly fallen into a misoonception, 
since what the 44 Architectural Association” contemplates may be 
something very far short of the kind of exhibition that is needed. 
If it is to be one confined to that society’s own members, instead 
of being open to contributors generally, and be also upon such a 
footing as to admit architectural subjects without distinction as to 
the nature and mode of them— nmch technical illustrations as 
plans, sections, and details, as well as those mote pictorial repre- 
sentations which are the only ones received by the Royal Aca- 
demy — if, we say, it is not to do this, it will fall far short of sup- 
plying a main desideratum. Resting entirely upon the abilities of 
the members themselves, without aid from other quarters, the pro- 
posed exhibition could hardly have sufficient stamina and sub- 
stance to come properly before the public, and so as to attract 
notice and claim support. Neither would anything at all be done 
towards affording the opportunity of exhibiting their productions, 
to the many who are excluded from the Academy on account of 
the exceedingly limited accommodation there for architectural de- 
signs and models. At present, there is only Hobson’s choice for 
architectural exhibitors, — either the Royal Academy or nowhere. 
And the accommodation at the Academy for works of the kind te 
totally inadequate ; for while only a comparatively small number 
of them can be hung up, not above a third of them can he hung so 
that they can really he looked at. Therefore, what with M 
chance of being turned away for want of room, or else of being 
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thrust out of sight, it is not greatly to be wondered at if many 
are deterred from sending anything at all. To sucn, other oppor- 
tunity of exhibiting would be welcome ; and their contributions 
would, it may be presumed, be equally welcome and serviceable to 
the “ Association. Without support of the kind from others, and 
the extended interest so created lor the success of the undertaking, 
there might not be attraction sufficient to produce extraction — to 
wit, of shillings from the pockets of the lieges. We speak merely 
upon our own conjecture, hut take for granted that the exhibition 
in question would require the usual shilling passport for admission 
to it ; because otherwise, the public would do excluded, and the 
exhibition he merely a private one, open only to the members and 
their friends, so that any good result as to diffusing a taste for 
architecture as a branch of design would be frustrated. 

What renders it so highly desirable that a special exhibition of 
architectural drawings and models of every class should be estab- 
lished is, that productions of the kind have no chance of ob- 
taining any attention so long as paintings are to be seen at the 
same place. It would be almost unreasonable to expect that they 
should, especially at the Academy, where the pictures are so nu- 
merous that they alone afford quite occupation enough for several 
visits. There, the architectural subjects are scarcely looked at at 
all, except just by those who make them their chief object. Let it 
then be fairly tried, whether, when withdrawn from its eclipse 
at the Academy, and allowed to display itself in a different orbit; 
it has really no power of attraction for the many — we do not mean 
the mob, but those (and they are many) who, if they possess not, 
affect at least to have a taste for art generally. 

‘ Supposing that the “ Association h now intend to bestir them- 
selves in good earnest, one thing which they ought especially 
to consider beforehand is, that architectural drawings require pro- 
portionably a much greater space for exhibiting them than pictures 
of the usual kind do, — because they require to be inspected as 
dosely as miniatures or engravings ; consequently, little more than 
the direct line of wall on the levd of the eye can be made avail- 
able for the purpose. It is of no use — rather a mere mockery — to 
profess, as the Academy does, to exhibit productions of the kind, 
and then hang the majority of them where it is only by great 
effort that their subjects can he made out, and all detail is com- 
pletely lost. Mr. Billings— who, by-the-by, at the opening meet- 
ing of the present season, signified the Association s intention to 
get up the exhibition in question, —observed that he himself had 
no right perhaps to grumble at the Academy, because, of eight 
drawings which he sent in this year, seven were nung up— but four 
near the ceiling, and three near the floor. Cdnsidering how many 
subjects of his were admitted, he had reason to look upon himself 
as highly favoured — if it be any favour or compliment at all to 
have drawings received merely because their frames happen to be 
just the Bize to fit in “ very nicely** with others on the same part of 
the wall. Such must ever be the consequence of the abominable 
dove-tailing system in hanging pictures and drawings, which fre- 
quently renders it necessary to put a good subject or production 
in an unfavourable situation, or else an inferior one in a good 
situation, merely because no other places where they would so well 
fit in can be found for them. Possibly, however, our advice may 
be altogether superfluous, since it is possible that the purposed 
exhibition will turn out to have been a mere flash in the pan. 


ON A READY METHOD OF DETERMINING THE 
WIDTHS OF LAND REQUIRED FOR THE 
FORMATION OF A RAILWAY. 

We will suppose the centre line to be staked out, and the dis- 
tance from the top of the peg to the intersection of the slopes to 
be given. Let A be a centre-stake, at which the half-widtns are 
to be determined ; B, the intersection of the slopes produced ; and 
r to 1, their ratio. The level must be placed at some point D, and 
the line of collimation adjusted so as to describe a horizontal plane 
St a distance a B above the point B (fig. 1), for a cutting. BA = 
K; Aa = A; ed = ac h\ the reading of the staff when stationed 
at d . Then we have, 

Bc = Bfl-flo = B A + Aa-flfl=K + A-A', and the 
length of the horizontal line through c' = cc , = x = rX Bc = 

r(K + A-V) = r(K + A)-rA=:aa'-rA (1) 

The horizontal distance of d from a B, must also be measured with 
the chain, and this we will suppose to bey. It is evident, that at 
the point dj where the slope B d meets the surface of the ground, 


the condition y =s x must be satisfied; and for no other point can 
it be satisfied. This point d must be found by repeated trials. 



Tlf. H-c attu£ * 

In the case of an embankment (fig. 9), 

frrxBo = r(K-A + A) = r(K— h) + r* # a= 

>Ba + th* = ad + rh' (2) 

Hence, whether there be cutting or embankment, we must deter- 
mine the half-width (a a ) at the level of the line of collimation; and 
in making repeated trials, we have nothing more to do than multi- 
ply the reading of the level-staff (A*) for the slope by r, and add 
the product to a a' for embankments, or subtract it for cuttings, to 
obtain the value of #, which must be compared with the horizontal 
distance (y), found by measurement with the chain. Repeated 
trials must be made until a point is discovered which satisfies the 
condition y = x. 



Flf. S.— E mbedment. 

Take, as an example, fig. 1, which is a cutting. 

B A = K = 26*9 ft. ; A = *13; r = 1$; 
ad as r x Bo ss r (K + h) as l£ (26*2 + *18) = 49*5 ; 
let the staff be held at f y and suppose the residing to be 6*5 = h* ; 
then rh' = 9*75; and x =//" = ad — rh‘ = 42-5 — 9*75 = 32*75. 
By measurement with the chain, y is found = 22*00 ; 
y is not equal to x. 

Again, suppose the reading d e of the staff at d to be 10*7 = A : 
then rh! = 16:05; and* = 42*5 — rh! 

42*4 — 16*05 =s 26*45 > 

< ) i and y is found by measurement to be 26*45/ 

* » *\ y x; and d is the point sought. 

Example qf an Embankment . — Slopes l£ to 1. Let K = 42*36 ; 
h = 2*43. Then(K/r~A) = B a = 42*36 — 2*43 = 39*93 ; 
and «s' » r X Bo = l£ x 39*93 = 69*9. 

Suppose the reading s'# of the staff at d to be 10*05 =s h\ 
then r V = 15*07 ; 

x = ad + rh* = 59*9 + rh f = 59*9 + 15*07 = 74*97 \ 

and suppose that p, found by measurement, is =s 74*97 J 
then c* will be the required point. 

These necessary calculations are very simple, but they are also 
very numerous, and I have found it advisable to substitute a kind 
of sliding rule, which at once performs the multiplication of r and 
A, and adds the product to, or subtracts it from, a d . (See 
figs. 3 and 4.) 


Digitized by kjOOQle 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


[_Novb*bbb ( 


A long 1 scale of equal parts (H) is formed at the edge of a 
groove, and another (V) slides in contact with this, as shown in 
the figures. H represents the horizontal measurements commonly 
taken with the chain, and should extend from 0 to about 150 feet. 


Fig. s. Fig- 4 * 

Slide arranged for determining Slide arranged for determining 

the Width of a Cutting. the Width of an Embankment. 

If the instrument be made of box, H may contain 10 feet to the 
inch, and each foot may be divided into 5 equal parts. The slide 

V corresponds to, and must at least contain as many feet as are 
marked on the levelling-staff. The scale on V, as shown in the 
figures, is for a slope of 1^ to 1 j for 1^ foot on H is equal to 1 foot 
on V. Other slides will be required for other slopes. 

In the example of a cutting previously calculated, we found that 
a of =r 42*5 feet. Bring 0, on slide V, opposite 42*5 on H (fig. 3). 
The staff is set up at/', and the reading is found to be 6*5. Refer 
to V with 6*5, and opposite this point we find x = 32*8 on H, 
without any calculation. 

But the measured distance y is 22*00 ; .*. y is not = x. 

Again, the staff is set up at other points, and the trial repeated 
till we come to the point c', where the reading of the staff (A') is 
10*7 feet. Refer to V with 10*7, and opposite it we find 26*5 on H, 
which differs only by the ^th of a foot from the result previously 
given by calculation. 

As r h* has to be subtracted from a a! in cuttings , it is necessary 
for the scales V and H to be numbered in opposite directions, as in 
fig. 3. But in embanJcments , r h must be added to a a\ and the scales 

V and H must increase in the same direction, as in fig. 4. This is 
the reason why the slide has two scales, differently numbered. 
Fig. 4 corresponds to the numerical example given above for an 
embankment : 0 on V being placed opposite 59*9 on H j and 10*05 
on V falls opposite 75 on H. 

We have nitherto supposed that zero on the scale V is placed 
opposite a o', the horizontal width at the level of the line of col- 
lunation. Now. the value of a a' is dependent on the accidental 
position of the level, and must be calculated in the field. Sup- 
pose, however, that the half-widths at the levels of the centre- 
pegs have been determined, and registered previously to commenc- 
ing operations. In the example of a cutting (fig. 1), we supposed 


B A to be = K =r 26*2 : .*. the half-width, supposing the ground 
to be level, = rK = l{x 26-2 = 39*3 ; and h was taken = 9*13. 
And the result is the same, 

whether we place 2*13 (or A) on V opposite 39*3 on H, 
or 0 on V opposite 42*5 on H. 

The first method will be found the best, because all the half- 
widths at the levels of the stakes may have been previously deter- 
mined in the office. The same may be said of fig. 4. 

It will be found convenient to have an index capable of sliding: 
along H, independently of V, and capable of being fixed at plea- 
sure. This may be formed partly of a piece of horn, or other 
transparent substance, having a line ruled parallel to the divisions 
of the scales. This will be of great service where the ground is 
very sloping, and it becomes inconvenient to hold the levelling- 
staff on every peg. 

If, in figs. 1, and 2, the ground had been so low that the top of 
the staff c' e fell below the line of collimation, it would have been 
necessary to have shifted the level, and a a! would have taken a 
new position and value. It will, however, be found an easy matter 
to determine B a, and therefore also a a', in all cases ; and 0 on V 
must then be placed opposite this value of a a' on H. 

Or, calculation may be avoided even in this case. Fig. 1. Sup- 
pose the first reading at a to be 2*15, and the half-width at the 
level of A, 39*3 feet. Bring 2*15 on V opposite 39*3 on H. Let 
the staff be held at any point, and take the reading 9*55, suppose. 
Slide the index along H to point to 9*55 on V. 

Remove the level to a new position D’, and adjust it, and sup- 
pose the back sight taken in the ordinary way to be 3*2. Move 
the scale V, so that the index points to 3*2 on V ; and the instru- 
ment is adjusted for the cross-section at A, so long as the level ie 
not disturbed. 

The index will be found very serviceable where it is not conve- 
nient to commence levelling from every centre-stake. Suppose 
the centre-pegs to be one chain apart, and that the gradient rises 
8 in every chain. 

We have seen that the distance Ba of the horizontal plane 
through a a' from B is = H + h (fig. 1), as the gradient is sup- 
posed to rise 8 feet in a chain, at a point corresponding to B ; but 
a chain from it, the new value of a B becomes f K + h — *8) ; 

and the new half-width a a' becomes r + h) — r 8. 

If we take an embankment (fig. 2), the new value of aB be- 
comes (K — h + 8) at the distance of one chain ; 

and the new value of the half- width a a* =r r (K — h) + r 8. 

Thus, in a rising gradient, 8 for every chain, we must move the 
slide by the scale H, a distance r 8 upwards for cuttings 1 

and a distance r & downwards for embankments / 
But r 8 on the scale II is the same in magnitude as 8 on the scale 
V, and therefore it will be most convenient to employ the index in 
moving the slide V upwards or downwards, through a space 8 for 
every chain. 

It may be useful to remark that for a rising gradient the slide V 
has to be moved in that direction in which the numbers of the feet 
on V increase , as denoted by the arrows, whether the case be one 
of cutting or embankment. If there be a falling gradient, the 
slide V must be moved in the opposite direction. 

It will be found convenient to be provided with the height of 
each stake above some common datum ; the half-width, supposing 
the ground to be level ; the numbers and distances of the stakes, 
with particulars respecting the gradients, slopes, &c. Also, vacant 
columns must be prepared to receive the half-widths on each side, 
as they are determined, and the corresponding reading of the 
level. The point on H to which the zero on V is opposite, ought 
also to be registered. This last is very useful where a number of 
consecutive side-stakes are determined without starting from the 
centre ; and doubts might otherwise arise as to whether the proper 
correction had been made for the gradient in every case. 

As this slide-rule has been used where the ground was remark- 
ably uneven, both for determining the widths of cuttings and em- 
bankments, and the limits of embankments at the ends of viaducts, 
I can strongly recommend it to the attention of those practically 
engaged on such work, as it avoids much trouble and uncertainty, 
and the result is as accurate as can be desired by the most fastidi- 
ous. An addition to the widths above found must be made to 
allow for the ditches and fences. 

St. John 8 College , Cambridge , Fbancis Bashfobth. 

Oct. 21, 1848. 
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GEORGE STEPHENSON. 

( Continued from page SOO.J 



[The above engraving Is after a Portrait by Mr. Briggs. R.A.]. 


IV. THB SAFETY LAMP. 

Fire-damp is one of the greatest evils happening to coal-mines, 
and one which is too well known to all having anything to do with 
them. Thirty or forty years ago, this was so strongly felt that 
many mines had reached their furthest workings, because the men 
had no good means of going on, for the least name was enough to 
set the fire-damp burning, and the steel mill gave little light, and 
was unsafe. 

In 1763, the Academy of Sciences were drawn to look into this 
matter, several coal-mines at Brian^on, in Dauphiny, having fired. 
All that the Academy did was to recommend a better way of airing 
the mines. 1 * * 

Above a hundred years ago. Sir James Lowther had seen that 
common fire-damp does not eaten fire from sparks of flint and steel ; 
and one of his overmen, said to be Mr. Spedding, made a mill for 
giving light by striking flint and steel.* This was worked by a 
boy, and was used in the English collieries. It is, however, 
known, that with the steel mill some mines have been set on fire. 

In Hainault, amadou, or fungus tinder, was sometimes used ; but 
it gives so little light, that the men could not work by it, and all 
that they could do was to find their way by it sometimes from one 
side of the pit to another, where fire-damp was blowing. 

In 1796, Humboldt made a lamp 8 for giving light in mines where 
a common candle would not burn, or would set fire to the mine. 
It was founded on the plan of keeping the light away from the 
air, and could only burn a short time — that is, so long as the air 
within it lasted. 

In 1813, Dr. Clanny made a lamp, to which he gave air from the 
mine, through water, by bellows. This lamp went out of itself in 
explosive mixtures. It was to be workea by hand or by ma- 
chinery, but was too heavy to be moved about readily. 

From what Dr. Clanny had done, and from a fearful loss of life 
in the Felling Colliery, whereby 101 men, women, and children 
died, the minds of many were turned to some way of lessening 
the fearful evil of fire-damp. At Sunderland a meeting was held, 
wherein Mr. Buddie, Mr. Dunn, Mr. Cuthbert Ellison, M.P., 
Bishop Gray, Dr. Clanny, and others, had a share, and who 
callea upon Sir Humphrey Davy to search into the whole matter. 4 * 


1 Hietoire de l'Acadenle Royal*, 1763. p. 1. quoted by Davy. 

• Hutchiuson’a History of Cumberland, quoted by Davy. 

• Journal des Mines, vili. 039, quoted by Davy. 

4 See Sir Humphrey Davy's several works In 1815, 1810, 1810, and 1835, bat which 

are nearly the same. The one here quoted Is that of 1818. 


Sir Humphrey looked at Dr. Clanny's lamp, but he was told it 
was too heavy and too costly to be useful. He tried phosphorus 
and the electrical light ; but at length he found out that a lamp 
could be made air-tight, and to which the air could be sent in 
through very small pipes or tubes, or from small openings in wire 
gauze put below the flame, and having a chimney at top of the 
same kind, for carrying off the foul air. This he afterwards 
brought to bear in the shape now so well known as the Davy Lamp, 
or Davy, in which he was greatly helped by Dr. Faraday. 

Meanwhile, others were no less busy : Mr. R. W. Brandling, Dr. 
Murray, and Mr. John Murray made lamps, and so did George Ste- 
phenson ; and at length there was very great strife between the 
friends of Davy and Stephenson, as to who was the first. We have 
here a small book, written by George Stephenson, in his own behalf, 
and which is the only work of his which is printed, other than re- 
ports. Here it is well to say, that it would be worth while to print the 
reports of George Stephenson, to bind with those of Smeaton, for 
they are written in a very clear, thoughtful, and business way ; 
and are of great worth for the history of engineering, as Stephenson 
was called upon to fight for the locomotive engine and the railway 
in their childhood, against the world, having few to back him 
or help him in his hard struggle. 

Stephenson's book is called 4t A Description of the Safety Lamp, 
invented by George Stephenson, and now in use in Killingworth 
Colliery ; to which is added, an account of the Lamp constructed by 
Sir Humphrey Davy, with Engravings. London : Baldwin, Cra- 
dock, and Joy; Archibald Constable and Co., Edinburgh; and E. 
Charnley, Newcastle, 1817." It is only about sixteen sides, and 
was printed by S. Hodgson, of Newcastle, and has four engravings. 

Another very interesting book is the u Report upon the Claims 
of Mr. George Stephenson relative to the Invention of his Safety 
Lamp. By the Committee appointed at a meeting holden in New- 
castle on the 1st Nov., 1817, with an appendix containing the 
evidence." This was printed at Newcastle, and has three plates, 
which are the same as in Stephenson's book. 

Stephenson says : M Several of my friends having expressed a 
wish that I would lay an engraved plan of my Safety Lamp before 
the public, with as correct an account of the dates of the inven- 
tion as I am able, I have resolved to do so. I was, at the same 
time, advised to publish the steps by which I was led to this dis- 
covery, and the theory I had formed in my own mind upon the 
subject, which, with the facts from which I drew my conclusions, 
were freely communicated to several persons during the time I was 
engaged in the pursuit. With this 1 cannot persuade myself to 
comply ; my habits, as a practical mechanic, make me afraid of 
publishing theories ; and 1 am by no means satisfied that my own 
reasons, or any of those I have seen published, why hydrogen gas 
will not explode through small apertures, are the true ones. It is 
sufficient, for our present purpose, that that fact has been disco- 
vered, and that it has been successfully applied in the construc- 
tion of a lamp that may be carried with perfect safety into the 
most explosive atmosphere." 

u During the four years,'* Stephenson goes on to say, “ that I 
have been employed to superintend the engines at Killingworth 
Colliery, one of the most extensive mines in Northumberland, 
where there is a considerable quantity of machinery underground, 
I have had frequent opportunities of employing my leisure hours in 
making experiments upon hydrogen gas. The result of those ex- 
periments nas been the discovery of the fact above stated, and the 
consequent formation of a Safety Lamp, which has been, and is 
still used, in that concern, ana which my friends consider (with 
what justice the public must decide) as precisely the 8ame in prin- 
ciple with that subsequently presented to their notice by Sir Hum- 
phrey Davy." 

The first thought of the safety lamp had been long in Ste- 
phenson's mind ; and in August, 1815, 4 he made a drawing of it, 
which was shown to several people on the works — among others, to 
Mr. Nicholas Wood, 6 whose name is now, for the first time, seen 
along with that of Stephenson. He was then a viewer at Kil- 
lingworth, and seems to have taken a great share and delight in 
all that Stephenson did, as is shown by the works of both. Ste- 
phenson told Wood that he thought a lamp might be made which 
would burn the fire-damp without blowing-up. Tne way was this, — 
to make a tube in the bottom of the lamp, ana he thought the attrac- 
tion of the flame upwards would be greater than the force down- 
wards. Wood drew out the plan under Stephenson's eve, and in 
October, 1815, they went to Mr. Hogg, a tinman, at Newcastle, 
and had a lamp made, which a fortnight after was put into Ste- 
phenson's hands. When Stephenson first spoke about it, he a$ke4 


« Stepheneon, p. 7. 0 Report, p. 16. 
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that the tube might be made a quarter of an inch in diameter, but 
Mr. Hogg having suggested that it probably would not burn, it 
was made half an inch in diameter, and a slide attached to it in 
order to lessen it if need were. 

This first lamp had an open top and conical shape, and was given 
to Stephenson on the 21st of October, 1815. This was on a Satur- 
day, and in the dusk, Stephenson, Wood, and Mr. John Moodie, 
an under-viewer, went down to the A pit to try it. Stephenson 
lighted the lamp and went to a blower of fire-damp in the roof, going 
to it from the windward, and keeping the candle about twenty yards 
off. By some deals, they made a part of the mine foul, for the 
purpose of having a trial with the lamp 7 . About an hour after- 
wards, Moodie went into the part so made foul, and found hy the 
smell, &c. (of which, from knowledge, he was a sound judge) that 
the air was in such a state, that if a candle had been taken in, the 
lace would have caught fire, which would have been very fearful. 
Ioodie told Stephenson it was foul, and hinted at the danger ; 
nevertheless, Stephenson would try the lamp, trusting in its safety. 

Stephenson took the lamp and went with it to the spot in which 
Moodie had been, and Nicholas Wood and Moodie, fearful, went 
further off. Stephenson tried the lamp, and it went out without 
making any explosion — on which, Stephenson again held forth the 
safety of his lamp. It has been said, before now, that there is as 
much bravery in the engineer as in the seaman or the warrior — 
aye, and as much call for it, too ; and often in the common work- 
man will there be as stout and bold a heart in the greatest 
straits, and in the utmost fear of life and limb, as there is in 
the leader who storms a breach, or heads the bloodiest fight. 
Stephenson was as fond a husband as a father, but he did not want 
daring when he thought the call was on him ; and although death 
loomed before him, he did not turn back from what he felt to be 
his duty. Here we have the witness of those who were with him, 
and we may stand by him in this time of trial, and watch his every 
step. 

u Stephenson,” says Moodie, “ again lighted the lamp, and Wood, 
who had now more trust in it, went with him to the former spot, 
and even held the lamp — they tried it again, and with the same 
end. When the lamp was put lighted in the gas, there was a 
great flame, the lamp was almost full of fire, and then it smothered 
out. Stephenson then said that he could so shift it, that he could 
make it burn better." 

This first lamp was made with a slide, to regulate the opening of 
the pipe through which air was sent into the lamp. The slide was 
partly shut before the lamp was brought near the blast of the 
blower — indeed, it was so far shut, that the lamp burned but weakly 
in good air ; and when the lamp was brought to the blower, the 
flame grew bigger, as already said, and then went out. 8 An ex- 
plosion, indeed, took place within, but it did not pass outwards. 
The slide was several times shifted, and trials made afterwards 
with bladders filled with air from the blowers. The first trial was 
with the pipe quite open, and the explosion passed downwards. 
Trials were thereafter made with the slide so shifted, that at length 
the opening was so small, the explosion no longer passed down- 
wards, and the lamp kept alight ; but it was so weak, that it easily 
went out by being moved. It was therefore thought, that by 
making more pipes of this smallness, air enough for burning and 
for keeping up the light might be let in ; and vet the holes or 
openings be so small, as still to stop the explosion from going down- 
wards. 9 

The lamp was now sent to Matthews, a tinman, in Newcastle, 
and the three pipes put to it, but outside the burner. On Satur- 
day, the 4th of November, this was tried in the pit, and found to 
burn better than the other, but still not well. Nevertheless, the 
explosion did not go downwards. A spot in the mine had been 
again made foul by Moodie, and Stephenson, Nicholas Wood, John 
Moodie, his son oi the same name, an overman, and George W ailes, 
an overman, went down and made further trials, which, as they all 
thought, turned out better than the first. Moodie here says, 10 
that three months before the first lamp was tried, Stephenson was 
often making trials with a candle near the blowers, for which 
Moodie, who was fearful, reproved him. Stephenson then told 
Moodie that he thought a lantnorn could be maae so as to be taken 
in safely amongst the foul air ; but Moodie did not think it could 
be done. 11 

After this, two lamps of the second pattern were made and 
given to the waistmen in Killingworth pit. A few days after — 
namely, on the 9th of November, a boy was killed in the A pit, at 
Killingworth, on the spot where the trials were made with the 

7 Report, Moodie’* witness, p. 18. « Stephenson, In the Report, p. 15. 

• Wood's witness, in the Report, p. 17. to Report, p. 19. 

st Witness of Richard Thompson, an overman. Report, p. 21. 


first lamp. Stephenson said, on that day, if the boy had had his 
lamp, he would not have been burned. 12 

John M‘Crie, a sinker, tells the same tale. He says, that in the 
summer of 1815, Stephenson was setting up sloping planes under- 
ground, and often as he was coming out, he set the blower on fire, 
and by lighted candles put to windward, put the blower out. 
Stephenson said that he could make it useful to save men's lives. 
This he said, when M‘Crie spoke against what he was doing as 
hurtful. 

Up to this time, Stephenson knew nothing of what Sir Hum- 
phrey Davy had found out or done, or of what he had written to 
the coal trade thereupon. He now made his third lamp, which had 
more pipes, so as to get a better draught of air. He afterwards 
thought, 1 8 that if he cut off the middle of the pipes, or made 
holes in metal plates, set some way from each other, as far as 
the pipes, that the air would get in better, and that there would 
be the same safety against explosion. Another lamp was therefore 
made and tried. 

This third lamp did so well, that it was long used in Killingworth 
pits, and workmen were bound to it under a fine of half-a-crown 
for using a candle. This lamp was tried alongside with Davy's, 
and found to do as well. 

The first trimmer was a wire down the chimney of the lamp ; 
but afterwards, Sir Humphrey Davy's trimmer was used. Nicho- 
las Wood wrote on this in the Tyne Mercury . 

On the 24th of November, 1815, Stephenson showed his lamp 
to Mr. Robert William Brandling, and to Mr. Murray of Sunder- 
land, both well able to give a judgment upon it. 

On Tuesday, the 5th of December, 1815, Stephenson's lamp 
was brought before the meeting of the Literary and Philosophical 
Society of Newcastle, the same evening that Dr. John Murray's 
aper about his own Lamp was read. Trials were made of 
tephenson's lamp with bladders, holding the fire-damp, put below, 
and the fire-damp let into the lamp. 14 

The difference between Stephenson's lamp and Sir Humphrey 
Davy's was, that Stephenson used a plate in which holes were cut, 
and Davy hit upon the happy thought of using a wire gauze 
screen ; but Stephenson seems to have been the first who found 
that the explosion would not pass outwards, and upon this all 
depended. — for wire gauze instead of a metal plate was a mere 
change o t shape, though for the better. 

Whether Stepnenson's lamp is still used, we do not know ; but. 
as shown above, it was kept in use till 1818, and very likely till 
long after, for Stephenson's friends were so steadfast they would 
not give in to what they said was a copy of their lamp. 

V. THE GIFT. 

In 1816, those who had called in Sir Humphrey Davy, thought 
it time to give him some reward, and therefore called a meeting of 
coalowners, at Newcastle, on the 31st of October, when Mr. Na- 
thaniel Clayton took the chair. The meeting was to reward Sir 
Humphrey Davy, “ for the Invention of the Safety Lamp." 15 By 
this time, a paper war had arisen, and while Bishop Gray and Mr. 
Buddie felt called upon to stand by Sir Humphrey Davy, a great 
number held to George Stephenson, and much oitterness of feeling 
was shown. Neither were there wanting those who upheld Dr. 
Clanny, Dr. Murray of Edinburgh, Mr. John Murray of Hull, and 
Mr. Robert William Brandling. Dr. Clanny was the first — Sir 
Humphrey Davy and Stephenson acknowledged this; but the 
lamps of the two latter had been brought into work, and the 
struggle lav between them. Dr. Clanny helped Sir Humphrey 
Davy, and Mr. Brandling 16 sided with Stephenson. Davy was 60 
much the stronger than Stephenson, that he was better known, 
and had all the men of learning on his side, while Stephenson was 
backed by the Killingworth men, and all those who thought highly 
of what the self-taught workman had done with the locomotive and 
the safety lamp. Sir Humphrey's friends were angry that one so 
lowly should be set up against him — Stephenson's, that one so lowly 
should be put down, and kept out of his fair share of the work, to 
bolster up a great name. Both sides went great lengths, both 
went too far, and now it is easy to do right by all. 

Perhaps Watt took a part, for he was an early patron of Davy, 
who was employed in the Pneumatic Institution, at Bristol, under 
Dr. Beddoes, in which Watt took a great share. 

So much was said and done by George Stephenson's friends, they 
fought so hard for him, and against Davy, that the meeting on the 

is Report, p. 21. is Report, p. 16. 

1 4 Witness of Mr. Henry Edroonstoa, Secretary, and of Mr. Henry Atkinson and 
Mr. Anthony Clapham. Report, p. 22. 

i ft The whole of this !> well given In the Gateshead Observer, of August 19, 1846, 
from which the above fa taken. 

*• Davy, on the Safety Lamp, 
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31st of August was held over till the 11th of October, when John 
George Lambton, the late Earl of Durham, took the chair. Mr. 
Brandling then moved that the meeting should be again put off, 
that inquiry might be made, whether u the merit of the invention 
of the Safety Lamp was due to Sir Humphrey Davy, or George 
Stephenson. Mr. Arthur Mowbray likewise stood up for this, 
but it was set aside by a great number of hands. A purse of one 
hundred guineas was however given to Stephenson. 

Stephenson 8 friends were very wroth at being thus beaten, and 
Stephenson himself thought that the meeting had dealt very un- 
fairly with him in awarding the meed to Davy. “ Whether or 
not, says Stephenson, in a letter afterwards printed, “ Mr. 
Brandling is justified in the opinion he has expressed [that Ste- 
phenson was the inventor], it appears to me may be easily decided ; 
and I shall only add, that if it can be proved that 1 took advan- 
tage, in the formation of the safety lamp, of any suggestions, 
except the printed opinions of scientific men, I deserve to lose 
the confidence of my honourable employers, and the good opinion 
of my fellow-men, which I feel an honest pride in, and w’hich even in 
my humble situation in life is of more value in my estimation than 
any reward that generous, but indiscriminating affluence can 
bestow." 

Davy's friends thought they did not do enough in upholding 
him, but they must further pull down Stephenson ; and instead of 
choosing the likely path, that both might have gone on without 
knowing each other, they openly said that Stephenson had taken 
or stolen the thought from Davy. 1 7 Here was the sting — and hence 
the manly and earnest speech of Stephenson, given above, which 
fully shows what his feelings were — his love of standing well with 
his fellow-men — his earnestness to be worthy of the trust bestowed 
upon him. From the time he first set foot in the great world, to 
the day of his death, these were his strong feelings ; and as has 
been before shown, they give the key to his life, and lay open to 
us the springs of his well-doing. 

He was quite right in thinking that the good-will of his neigh- 
bours, and the trust of his fellow-men, were worth more than any 
money which could be bestowed ; for they were to him as the land 
which yields a yearly harvest, while the latter is but a crop 
which is once gathered in, and there is no more of it. The harvest 
may fall short sometimes, but there is the land to give a better 
crop in other years, and to give a good income for whatever is 
laid out upon it : so is it with a good name — it is a lasting mine 
of wealth to the owner, the yield of which is the greater the 
longer it is wrought. 

The friends of Davy were none the less angry that a common 
workman was set up against one of his great name, as if it were 
likely that one of Davy's standing should be beholdened for any- 
thing to a lowly pitman. They were maddened at the thought of 
one of the greatest men of his day being so set down. How little 
did they think or dream that the drudge they then looked down 
upon was to shine upon the world as one no less great than Davy — 
as one of the brightest lights of his day — as one of whom even they 
now feel proud. Such is the worth of a name, such is it to weigh 
with an untrue beam, and to set down wrong weights. The great 
man of to-day soon sinks into the dust, — the lowly of yesterday is 
the mighty of the morrow ; but let each be weighed by his deeds, 
and not by his name ; by his own works, and not by the witness of 
his friends. 

The writings which were put forth in Stephenson's name are by 
one hand ; but though they breathe his thoughts, it does not seem 
likely that they are his. In that last given, the earnestness of 
thought is his, but it is not his speech. There is too much Latin 
— there are too many of the chosen words of the schoolman, and 
too much of his craft, to let us believe that they come from a free- 
spoken Englishman. In talking, Stephenson always had -the 
homely speech of an Englishman, as indeed it now too often hap- 
ens that among common men our mother tongue is best spoken. 
Vith them, the well of English is bright and strong ; whereas 
bookmen, instead of speaking better English for their greater 
knowledge, only learn Latin and Greek to bring them into English, 
as if our English were a worse speech, and the others better ; or, 
as if a word were the better understood by being swaddled in out- 
landish clothes. Stephenson most often had the pen of another, 
else we might have had from his hand something worthy of our 
best writers ; for it has been often seen, that those have 
written the freest who have risen as he did, from among those 
who know no other tongue but their own. The cot is a better 
school for speech than the college— there is a greater freshness in 
its sayings : a strength and earnestness and heartiness which 


if Tyne Mercury, Nor. 25, 1817.— Newcastle Courant, Nov. 29, 1817. 


come home to our bosoms ; something which breathes sweetly of 
our childhood, and takes us back beyond our school years. 
Whether in the Bible, in Shakspeare, our best-loved books and 
writers, those sayings always delight us most which are most 
homely ; and yet, more care is given to eke out a book with big 
words, borrowed from every land but our own, than to write such 
things as every one may readily understand. 

If Davy's friends spared nothing for him, Stephenson's were as 
steadfast ; the war went on, and the Newcastle papers were full of 
writings, for and against. The Rev. John Hodgson, Mr. Buddie, 
Mr. Brandling, and the full number of “ Friends to Justice,” 
strove together; but neither side would give in, or own that it was 
in aught wrong : they were too busy in saddling things on each 
other to take off one bit from themselves. If Davy had the meet- 
ing of coalowners on his side, Stephenson was not to be left barren, 
and therefore his friends made up their minds that he should 
have a meeting of his own, and that plate should be given to him 
as a set-off against what had been done for Sir Humphrey Davy. 

It should, however, be said that, having been beaten in getting an 
inquiry from the meeting of coalowners, they had a meeting of their 
own, to look into what Stephenson had done, and which ended in the 
Report, which has been already named. Stephenson, Nicholas 
Wood, and the others who had a hand in the business, were called 
together, and gave witness as to what they had seen or done. 
This was written down and printed at the end of the Report, and 
it showed the faith the meeting had in the goodness and rightful- 
ness of the side they had taken up. The members were, the Earl 
of Strathmore, C. J. Brandling, Esq., C. W. Bigg, Esq., Matthew 
Bell, Esq., R. vV. Grey, Esq., Arthur Mowbray, Esq., James Losh, 
Esq., 18 T. H. Bigg, Esq., Dr. Headlam, 1 ® C. N. Wawn, Esq., 
Anthony Clapham, Esq., and G. Charnley, Esq. Richard Lam- 
bert, Esq., was the Treasurer, and Robert William Brandling, 
Esq., the Secretary. 

On the 1st of November, 1817, the further step was taken, and 
a meeting was held in the Assembly-rooms, Newcastle ; at which 
C. J. Brandling, Esq. took the chair, “for the purpose of remu- 
nerating Mr. George Stephenson, for the valuable service he had 
rendered to mankind by the invention of his Safety Lamp." The 
first resolution held forth, “ that Mr. George Stephenson, having 
discovered the fact that explosion of hydrogen gas would not pass 
through tubes and apertures of small dimensions, and having been 
the first to apply that principle in the construction of a Safety 
Lamp, was entitled to a public reward." A committee, headed by 
the Earl of Strathmore, was named to carry this out. 

Davy's friends were anew stirred up, and they sent to the news- 
papers a writing, signed by Sir Joseph Banks, President of the 
Royal Society, William Thomas Branae, Charles Hatchett, H. W. 
Wollaston, and Thomas Young, setting forth their conviction, 
“ that Mr. Stephenson was not the author of the discovery of the 
fact in question, and was not the first to apply that principle in 
the construction of the Safety Lamp." 

The other committee printed their report in answer, setting 
forth the whole truth, and ended by saying, “ After a careful 
inquiry into the merits of the case, conducted, as they trusted, in 
a spirit of fairness and moderation, they could perceive no satis- 
factory reason for changing their opinion.” The dead set made by 
the men of learning who stood by their friend, Davy, did not frighten 
the others, and did not put a stop to their work. Their minds were 
made up, and the subscriptions set afoot by them went on steadily. 
Lord Ilavensworth (then Sir Thomas Henry Liddell, Bart.) and 
partners, gave one hundred guineas ; C. J. Brandling, and partners, 
gave the like, 20 Matthew Bell, 21 and partners, gave fifty guineas ; 
and John Brandling, and partners, gave the like. Thus, a goodly 
purse was filled ; and the great gifts of the Liddells, and the other 
coalowners, are a very good earnest of how Stephenson was looked 
upon in his own neighbourhood, and the path which lay open 
before him. It was not hard to tell what he would do with his 
inborn skill. 

In January, 1818, a dinner was given to George Stephenson, at 


i * Then partner with Stephenson In the patent for the rails and chairs. 

Afterwards a director of the Newcastle and Carlisle Railway, 
so Robert William Brandling, Esq., is ths son of the late Char 'es Brandling, Esq. 
M.P., and connected with most or the leading coalowners [Railway Post-Office 
Directory, 1848], being brother-in-law of Rowland Burdon, Esq., uncle of Matthew 
Bell, Esq., M.P., and cousin of R. W. Grey, Esq.. M.P. He was therefore well able to 
help George Stephenson, to whom he was a great frieud. He is a barrister by profession, 
but has taken a great share in all undertakings in kis neighbourhood; among other 
things, in the Brandling Junction Railway, and in the Safety Lamp. 

21 The Bells were likewise great friends of Stephenson. Matthew Bell, Esq., of 
Woolslngton, is the one named above. The son, born in 1793, is now M.P. for South 
Northumberland, and has been a director of the Newcastle and Carlisle Railway since 
1829. [Railway Post-Office Directory, 1848.] In 1816, he had been High Sheriff of 
Northumberland. 
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the Assembly-rooms. Newcastle, when a silver tankard w&s put 
into his hands, together with one thousand guineas. 

w I shall ever reflect with pride and gratitude,* said he, “ that 
my labours have been honoured with the approbation of such a 
distinguished meeting ; and you may rest assured that my time, 
and any talent I may possess, shall hereafter be employed in such 
a manner as not to give you, gentlemen, any cause to regret the 
countenance and support you have so generously afforded me. M 

This pledge, as is well known, Stephenson fulfilled. 

Of the feelings of the committee, the best earnest is the follow- 
ing words, given in their Report: — “When the friends of Mr. 
Stephenson remember the humble and laborious station in which 
he has been born and lived ; when they consider the scanty means 
and opportunity which he has had for pursuing the researches of 
science ; and look to the improvements and discoveries which, not- 
withstanding so many disadvantages, he has been enabled to make, 
by the judicious and unremitting exercise of the energy and acute- 
ness of his natural understanding, they cannot persuade themselves 
that they have said anything more than every liberal and feeling 
mind wifi most willingly admit." 

Thirty years afterwards, a third piece of plate was given to the 
“ Inventor of the Safety Lamp,” which this time was Dr. Clanny, 88 
who has been already named. 

Although so much noise was made at the time, and each said 
that the other had stolen the thought from him, it is not hard, now 
that angry feelings have softened down, to see the truth. It was 
held by them that one must be the first finder : but there is no 
need to believe anything of the kind, for two or three might as 
readily busy themselves with a safety lamp as one. Why, indeed, 
was Sir Humphrey Davy called in ? Why did Stephenson give hi9 
mind to it but from the want of such a thing, the fearful loss of 
life which had followed from taking candles into fire-damp, and 
the little good of the steel mill ? Many, therefore, set their wits 
to work to find out a safety lamp. We have named five, and it was 
in no way odd that two should hit upon the same thing. 

Throughout the field of learning we have found this happen. 
Was there not the very same thing with Newton and Leibnitz 
about fluxions? Did not Watt, Cavendish, and Lavoisier each take 
a share in finding out the composition of water ? At the same 
time, Fulton and Bell were at work on the steamboat, — Trevithick 
and Oliver Evans on the steam-wagon, — and in our days, there 
has been a struggle between Le Verrier and Adams, by which the 
learned world has been torn, as to who found out Neptune. There 
are several put forward as the first lighters of gas. Young and 
Champollion fight over the Rosetta stone ; we have not yet awarded 
the meed to the man who first set railways going: James and Gray 
(though dead) are still in the field, with many more who strive to 
wrench from them the name of “ Father of Railways." This will ever 
be, for where there is a want, the ready wit of many men will be ever 
ready to find out the right way. Is there anything new brought 
forward, straight every one rushes into that path. There is not 
much mistake in saying, that there were a thousand clever in- 
ventors who found out atmospheric railways. The heads of railways 
unhappily know how many makers there are of new buffers, breaks, 
links, wheels, rails, and chairs — each good, and each the best. The 
Gutta Percha Company have before them a list of two hundred 
hints for making everything of gutta percha, from ear-trumpets 
to horse-shoes. It is good that it should be so, rather than that 
we should lag behind, waiting for the slow work of a few minds, 
when we may bring to bear the fruitfulness of many. 

Stephenson seems to have been the first to try a lamp with holes 
so small that explosion of fire-damp did not pass downwards ; but 
Davy had nothing to do writh him, and was not far behind, and he 
made a much better lamp by taking wire gauze instead of pipes or 
holes. 

The following, from the Pth page of the Report of the Com- 
mittee, shows what each did : — 

1815. MR. STEPHENSON. SIR, HUMPHREY DAVY. 

Aug. to Oct. Busy with those expert- The subject occupied his 

merits upon blowers in Kil- attention, as an object of 
lingworth Colliery, which led speculation, 
to the construction of his 
lamps. 

fhginning of Ordered his first lamp. Commenced his eiperi- 

Oot. which was tried in the cob meats on fire-damp, and be- 
liery on the 21st of that fore the 18th of that month 
month. had discovered certain facts 

[the facts in question] re- 
specting that inflammable 

** Gitesbeid Observer, August 19, 1648. 


Beginning of hr. Stephenson. sir Humphrey davy. 

Oct. substance, and states, in a 

letter dated Oct. 19, that if a 
lamp or lanthorn be made air- 
tight on the sides, and fur- 
nished with apertures to ad- 
mit the air, it will not com- 
municate flame to the out- 
ward atmosphere. 

End of Oot. Ordered his second lamp. In a letter, dated Oct. 30, 

describes to Mr. Hodgson a 
lamp, in which he adopted 
tubes and canals above and 
below. 

Not. 4. Tried his second lamp in Mr. Bntler noticed Sir 

Killingworth Colliery. Humphrey Davy's discoveries 

in an oration. 

Not. 9. Read to the Royal Society 

a paper giving a detailed ac- 
count of his experiment*, and 
the various applications he 
had made of his discoveries, 
but without mentioning dates. 

Nov. 19 or 20. Ordered his third lamp. 

Nov. SO. Tried his third lamp in the 
mine. 

Dec. 5. Exhibited bis third lamp 
to the Literary and Philoso- 
phical Society in Newcastle. 

Dec. 31. Before this period 14 bad 

presented to the miner the 
wire gauze lamp.” 8- 

What made the struggle was, that the meeting of coalowners 
had called in Sir Humphrey Davy, and while he was busy, George 
Stephenson, a common workman, of his own free will, stepped in 
between the meeting and Davy. The coalowners did not deal 
fairly with Stephenson, for after calling a meeting to thank Sir 
Humphrey Davy for “the Invention of his Safety Lamp,” and 
throwing off Stephenson, on the ground that the meeting was to 
thank Davy only for what he had done, free from what any one else 
had done, they made it to thank Davy “ for his invention of the 
Safety Lamp" — which was another thing altogether. Having done 
this, they gave, as a sop, the hundred guineas to Stephenson; but 
he and his friends would not stand still under this slight. They 
could have nothing to say as to what might be given to Davy, but 
they had when Stephenson was set aside. 

VI. ENGINEERING. 

In 1813, when he was thirty-three, Stephenson had been set, as 
we have seen, to overlook the engines at Killingworth, in which 
higher berth he brought out his locomotive engine and his safety 
lamp; so that Killingworth had its own works, as well as Wylam 
or any other colliery. His son was being brought up at Newcastle, 
and afterwards he sent him to Edinburgh, that he might be at its 
University — then at its height, and one of the greatest schools of 
its day. 

In 1814 he brought out his first locomotive, and in 1815 he was 
busy with the safety lamp, and the second locomotive. He had 
likewise some work in laying down slopes and railways. 

He had not been able, as we have seen, to take out a patent 
when he made his first engine, but he soon after became known to 
Mt. R. Dodd, and with him took out a patent on the 28th February, 
1815, for a method of communicating power to the engine without 
the cog-wheels used in the first engine. 84 

The plan proposed was the application of a pin upon one of the 
spokes of the engine-wheels; the connecting-rod fixed to the 
cross-beam of the engine, and moving with the piston, being 
attached at the lower end to the spoke of the wheels, and working 
in a ball-and-socket joint. Thus the reciprocating motion of the 
piston was converted, by the pin acting as a crank, into a rotatory 
motion. To keep the crankB at right angles with each other, 
Stephenson used an endless chain of one broad and two narrow 
links, which lay upon a toothed wheel fixed to each axle. The 
teeth stood out about an inch from the wheel, and went in between 
the two narrow links, leaving a broad link between every two cogs, 
and resting on the rim of the wheel. Thus the chain moved round 
with the wheel, and one wheel could not he moved round without 
the other. This chain he afterwards gave up. 

as Morning Chronicle. Dec. 18, 1815. — Newcastle Chronicle, Dec. 23, 1815. 

a* Lardner on the Steam* Engine j Ritchie ou Railways, p. 222 ■, Stuart*-# Anecdotes of 
-the Steam Engine. 
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This engine was put to work on the Killingworth Railway. 

In 1816, Trevithick left England for the West Indies, leaving 
the locomotive to look after itself, for what he knew. Stephenson, 
however, looked after it. In this year he took out a patent with 
Mr. William Losh, a great engineer of Wallsend and Newcastle. 
Among other improvements was that of u sustaining the weight, 
or a proportion oi the weight, of the engine upon pistons, moveable 
within the cylinders, into which the steam or water of the boiler 
is allowed to enter, in order to press upon such pistons, and which 
pistons are, by the inteivention of certain levers and connecting- 
rods, or by any other effective contrivance, made to bear upon the 
axles of the wneels of the carriage upon which the engine rests.'* 

The cylinders were open at the bottom and screwed upon the 
frame of the engine. The piston, which was solid and packed in 
the common way, was furnished with an inverted rod, the lower 
end of which passed through a hole in the frame, and supported 
the engine, ana pressed upon the chair, which rested on the axes 
of the wheels upon which the carriage moved. This chair had 
motion up and down the piston-rod. The pressure of the steam 
upon the piston transmitted the weight to the axle, and the re- 
action took an equal weight from the engine, and the steam served 
the purpose of an elastic spring. aa 

Mr. Ritchie objects to tnis invention, that it aimed at too much, 
was too complicated, and not precise enough to be of much use. 

Messrs. Stephenson and Losh had their patent likewise for a 
cast-iron rail, which was held to be an improvement on the rails 
then used. 2 ® As railways were then laid, the wagon- wheels met 
with a hindrance at the joints, and a shock was given, and the 
rails put out and broken. Stephenson therefore wished to fix the 
rails fast in the chairs. His rails w ere made with a half-lap joint, 
having a pin or bolt, which fixed them, so that the end of one rail 
should not rise above the end of the next one, and so that the rails 
should not yield if the block sank. 

We have seen that in 1817, Stephenson was busy in his struggle 
with Davy about the safety lamp. In the next year, the dinner 
was given to him, and he was laying down railway works and 
making engines. 

In that year (1818), and in the next, he gave his time, as Nicholas 
Wood acknowledges, 2 7 to experiments with Wood on railways, 
which have been printed. 

His son had now become an under-viewer, and was a helper to 
his father. 

Perhaps about this time he first came up to London for the 
patents. 

We have followed Stephenson so far until he is upon the eve of 
starting in a new path, and we find him in a new walk of life, and 
much better off. We have seen his beginning from his father's 
cot, his struggles as a workman, his care as a father, and the 
spreading of nis name after making the locomotive and the safety 
lamp. He had begun to reap some reward from his toil, and 
instead of being poor and penniless, he had had eleven hundred 
guineas given to him beyond what he had earned. From being the 
man, he had become the master ; from being the learner, he was to 
be henceforth a teacher. He had a share in two patents, and 
there was a call for his work, for besides his old masters at Kil- 
lingworth, the neighbouring coalowners were now among his 
friends. 

As his rise had been quick, and he was brought at once into the 
fellowship of the northern gentry, his honours came blushing thick 
upon him. He did not so fully feel his own weight, but having been 
kept down so long, he hailed willingly the hands which were 
stretched forth towards him ; taking everything as a kindness held 
out to him, instead of looking upon it as a right. His greatness had 
not grown gradually upon him, — he did not settle slowly in his seat: 
he was marked as a new man, and always through life he had a quick 
feeling of his lowly beginning. It was better, perhaps, that it was 
so. for he kept up a kindly feeling with all around; whereas, had he 
taken on him the bearing of a great man. as many do, he might 
have lorded it over the world, but he would have missed what was 
dearer to him than this — the love of his fellow-men. He was thank- 
ful for everything, and therefore kindly to every one. As he did 
not look for much, or stand upon his rights, he was seldom wronged 
and always happy. 


*• Hi chle oo Railway*, p. 226 . 80 Ritchie on Railway*, p. 81-37. 

8 7 Wood on Railway*. 


CONTRIBUTIONS TO RAILWAY STATISTICS, 

In 1846, 1847, and 1848.— By Hyd« Clahkk, Esq. 
('Continued from page 111.) 

No. IX.— SAND TRAFFIC. 

Sand is a large article of traffic. The amount detailed in each 
year ending June 30, stands thus 

Company. ~~ 


Ton*. 

1845. 


12,227 

3,000 


Arbroath and Forfar, 

Bodmin aud Wadebridge, 

London and Croydon, 

Leicester and Swannington, 

West Cornwall (Hayle), 

Wishaw and Coltness, 2,921 
The receipts in each year stand thus — 
Company. 1845. 

Arbroath and Forfar, £ 1,310 
Bodmin and Wadebridge, 

London and Croydon, 

Leicester and Swannington, 

West Cornwall (Hayle), 

Wishaw and Coltness, 


450 


21 


Ton*. 

1846. 

11,173 

8,420 

1,992 

31 

2,764 

1846. 

£414 

882 


32 


Ton*. 

1847. 

12,619 

12,320 


2,944 


1847. 

£447 

1,293 


298 


Some of the returns mix up graveL ballast, and sand. 

The sand on the Bodmin ana Wadebridge, and Hayle Railways 
(15,264 tons in 1847), is sea-sand used as manure. Sand is used for 
building, agricultural, and domestic purposes. That^ carried on 
the Croydon is partly for sanding floors. 

The rates are as follows : — 


London end Croydon, 
Bodmin and Wadebridge, 
Leicester and Swannington, 
Wishaw and Coltnees, 
Arbroath and Forfar, 
Lancashire and Yorkshire, 


3*75<f. per ton per mile. 
3*4)0 ,, i« 

2*75 „ it 

220 

1*97 „ 

1*33 ,t ii 


On the Durham and Sunderland Railway, ballast is carried for 
shipping purposes. The return stands thus — 

1845. 1846. 1845. 1846. 

30,356 tons. 36,567 tom. £506 £609 


No. X.— SLATE TRAFFIC. 

There is little information as to the quantity of slate carried. 
In the year ending 1846, there were carried on the Wishaw and 
Coltness Railway 1,280 tons, for which £4tl was received. 

The rates for carrying slates per ton per mile are as follows : — 
Ballochney, . . 30 d. 

Newcastle and Carlisle, 2*0 d. 

Wishaw and Coltness, l*3rf. 


No. XI.— BRICKS AND TILES. 

That railways cause a large saving in many places in the carriage 
of bricks is shown by the quantities carried. Many new brick- 
fields and tile-works have been opened to take advantage of these 
facilities, as well as of the cheap coal, — in the same manner as they 
are opened near canals. 

The quantities detailed in each year ending June 30, are as 


Lancashire and Yorkshire (Preston and Wyre), 

Ton*. 

1845. 

Ton*. 

1846. 

Ton*. 

1847. 

1,000 

Leicester and Swannington, 

746 

503 

— 

London and Croydon, 

560 

— 

— 

Mary port and Carlisle, 

370 

L209 

— 

Wishaw and Coltneas, 

291 

2,051 

•1,541 

Whitehaven, 

— 

44 

*d6 

The amounts received were — 

Lancashire and Yorkshire (Preston and Wyre), 

1845. 

£ — 

1846. 
£ — 

1817. 
£ 117 

Leicester and Swannington, 

92 

60 

— 

London and Croydon, 

50 

— 

— 

Maryport and Carlisle, 

40 

99 

— 

'Wishaw and Coltness, 

12 

95 

•46 

Whitehaven, 

— 

2 

* 4 


* For hslf y*ar only. 


The rates of carriage per mile per ton are as follows : — 


Bodmin and Wadebridge, 4’00<f. 

Ballochney, . . 3*00 

Leicester and Swannington, 3 00 

London and Croydon, .. 3*00 

London and South Western, 2* 09 

kiarv port and Carlisle, 2*09 

Wishaw and Coltness, 1*95 

Whitehaven, <•<* 183 
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The only return of tiles carried for building or agricultural 
purposes is that of the Wishaw and Coltness Railway for the year 
ending June 30, 1846, 502 tons. Receipts £20. 

The only return of clay carried for brick-making, pottery, or 
other purposes, is that of the Wishaw and Coltness Railway, 1846, 
346 tons ; and 1847, 475 tons. Receipts, 1846 £6. and 1847 £8. 

The rates for the carriage of bricks are generally too high, and 
are exclusive of loading. Twopence per ton per mile would be 
enough. 

The above returns give no means of calculating the quantity of 
bricks and tiles carried on the whole length of railway. 

No. XII.— MISCELLANEOUS MINERAL TRAFFIC. 

Besides the articles already enumerated are many others, as lead 
ores, copper, brass, lead and tin manufactured, salt, sulphur, roman 
cement, glass, pottery, fullers’-earth, &c., but as to which no in- 
formation is to be got. 

The rates for carrying salt are as follows, per ton per mile 


Bodmin and Wadebridge, 

4-OOrf. 

Newcastle and Carlisle, 

250 

London and Brighton, 

2-24 

Lancashire and Yorkshire, 

1*32 


The rate for carrying fullers’-earth on the London and Brighton 
Railway is 2*24 d. per ton per mile. 

No. XIII.— MINERAL TRAFFIC. 

The whole mineral traffic shows the following results in tons : — 
1845. 1846. 1847. 


Coal and Coke, 

7,000,000 

8,900,000 

8,900,000 

Iron-stone, 

400,000 

500,000 

600,000 

Iron, 

230,000 

230,000 

300,000 

Dross, 

Copper and Tin, 


110,000 

110,000 

23,000 

23,000 

23,000 

300,000 

Limestone and Lime, 

200,000 

250.000 

Building Stones, 

200,090 

400,000 

600,000 

Sand, 

30,000 

30,000 

37,000 

Ballast, 

30,000 

36,000 

36,000 

Bricks and Tiles, 

2,000 

5,000 

5,000 

Miscellaneous, 

280,000 

300,000 


All these amounts, except for coal, are far below the mark ; but 
they establish a total mineral traffic in 1847 of not less than 
11,200,000 tons, besides unenumerated articles. 

Besides the returns already given are the following miscellaneous 
returns, of Minerals and Stones (L) ; Stones and Timber (2); 


Stone and Coal (3) ; Stone and Bricxs (4). 



T®n*. 

Tod*. 


1846. 

1847. 

(1) Brighton, 

— 

95,315 

(1) Lancashire and Yorkshire, 

•10,660 

33,177 

(l) Norfolk, 

•5,800 

11,659 

(1) St. Helen's, 

— 

25,060 

(2) Dublin and Drogheda, 

9,686 

3,745 

(2) Great North of England, 

8,298 

— 

(2) London and South Western, 

*4,984 

— 

(2) Eastern Union, 

— 

*5,951 

(3) London and Brighton, 

55,747 

. 

(4) West Cornwall (Hayle), 

42,795 

— 

The amounts received were as follows 


Company. 

1846. 

1847. 

(1) Brighton, 

£ 

£9,095 

(1) Lancashire and Yorkshire, 

•2,024 

5,532 

(1) Norfolk, •• 

*716 

1,184 

(1) Saint Helen's, 

— . 

1,002 

(2) Dublin and Drogheda, 

726 

549 

(2) Great North of England, 

•2,720 

... ... 

(2) London and South Western, 

•4,984 



(2) Eastern Union, 

— 

•305 

(3) London and Brighton, 

4,287 

- 

(4) West Cornwall (Hayle) 

6,304 

— 

No. XIV. — TIMBER 

TRAFFIC. 



The quantity of timber carried in each 
detailed in the returns, is as follows : — 

year ending June 30, as 

Tons. 

Tons. 

Tons. 

1845. 

1846. 

1847. 

Great North of England, 1,000 



■ ... 

Lancashire and Yorkshire, 

*667 

4,837 

Maryport and Carlisle, — 

Whitby and Pickering, 911 

2,434 

1,774 

. 

— 

Whitehaven, > — 

*303 

*198 

Wishaw and Coltness, 148 

1,435 

*2,451 


[Novemseb 


The amounts received are as follows 


Great North of England, 

£160 

£ 

£ 

Lancashire and Yorkshire, 

— 

•667 

1,455 

Maryport and Carlisle, 

— 

539 

331 

Whitby and Pickering, 

506 

*37 

— 

Whitehaven, 

— 

*20 

•15 

Wishaw and Coltness, 

130 

117 

•81 


The rates for the carriage of timber are as follows 


Whitby and Pickering, 
Ballochney, 

Whitehaven, 

Bodmin and Wadebridge, 
London and South Western, 
Wishaw and Coltness, 
Maryport and Carlisle, 
Lancashire and Yorkshire, 


5-00J. per ton per mile. 


300 
3 00 
2-50 
2-50 
2*35 
2*33 
*24 




Timber is in some returns mixed up with stone traffic, as seen in 
No. XIII. 


On the Cornish and Northern lines, timber is carried for mining 
purposes ; in the agricultural districts, for hop-poles and fences ; 
on all lines for building. Bark is carried on the Southern rail- 
ways. 

In 1845, I estimated the quantity of timber carried at 40,000 
tons, and there seems no reason for doubting that this is a safe 
estimate. 


No. XV.— BUILDING TRAFFIC. 

On the whole, railways afford great accommodation to the build- 
ing interests, though not to that extent which they may and will 
do when the traffic is more developed. 

The following is an estimate of the traffic carried on for building 
purposes under each head : — 


Stone, 

Bricks and Tiles, 

Ton*. 

1845. 

200,000 

Tens. 

1846. 

400,000 

Ton*. 

1847. 

600,000 

2,000 

5,000 

5.000 

Timber, 

40,000 

40,000 

50,000 

Lime, 

50,000 

50,000 

50.000 

Sand, 

10,000 

10,000 

10,000 

Total, 

300,000 

400,000 

715,000 


The rates for the carriage of each of these articles, though below 
those on roads and canals, are still too high for the development of 
the traffic. It is a great disadvantage that most of these articles — 
stone, timber, and bricks — give much trouble in loading and un- 
loading. 

No. XVL— FISH TRAFFIC. 

This traffic is of the greater importance, as it gives a positive 
addition to the supply of food in the country, and is therefore of 
great national benefit. Railways stimulate the production, or 
economise the cost of production, of grain, meat, and other article 
of food; but all fish that can be carried inland, is so much added to 
the resources of the country. In this respect, railways have done 
much and can do more, both for the supply of food to the country, 
and the promotion of the fisheries. 

In the beginning of last year, I laid before Mr. Hudson a sug- 
gestion for extending the carriage of fish, as a means of relieving 
the famine, and to which he gave his approval. In the last session, 
Mr. Wyld, M.P., called the attention of the House of Commons to 
my plan for increasing the consumption of fish, by adopting it as 
an article of occasional diet in workhouses and prisons. This 
would cause an increased consumption of at least 20,000 tons of 
fish. Sir George Grey said there was no objection to the adoption 
of this plan, provided enough fish were given. 

In consequence of the progress of the railway traffic, there has 
been a great increase in the consumption of fish inland. A very 
strong proof of this is given in the case of Birmingham, where 
they find it necessary greatly to enlarge the fish market. 

On the South-Western, Eastern Counties, and other metropolitan 
railways, great numbers of fish hawkers go down by the early 
trains. 

It is very much to be regretted that there is a great dearth of 
information on this very important subject; and it is very desirable, 
in consequence of the absence of definite information, that a parlia- 
mentary return should be obtained of the quantities of fish carried 
by railway. This, however, can onlv be obtained by approximation, 
as all the fish is not carried in bulk, but very much is carried as 
parcel traffic, and some by passengers as luggage. 


* Half-year. 


• Half-year. 
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The only returns are the following 

Ton*. Tons. Tons. Tons. 
Company. 1844. 1845. 1846. 1847. 

Eastern Counties (Cambridge) *5,100 

Great North of England, 1,218 867 — 

Norfolk, .. f2,775 +7,102 

Whitby and Pickering, 777 1,109 £350 

The receipts stand as follows 

1844. 1845. 1846. 1847. 

Great North of England, £1,378 £1,020 £ £ 

Norfolk, .. +1,730 +3,895 

Whitby and Pickering, 777 330 £156 

* Estimated. t Half-year. t Tiro months. 

The rates are high. The following are the rates per ton per 
mile. 

London and Brighton, 6*69 d. 

Great North of England, 5*55 

Whitby and Pickering, 5*00 

Preston and Wvre, 4*00 

London and South Western, 3* 

Norfolk, . . 2*3 

The Great Western are known to carry a great quantity of fish 
over the South Devon line. The receipts are said to be <£250 per 
week. 

The traffic of the lines given above maybe estimated as follows ; 


Eastern Counties (Cambridge) 5,100 tons. 

Great North of England, 1,000 „ 

Norfolk, .. 12,000 „ 

Whitby and Pickering, 1,100 „ 

Total, 19,200 


This is nearly 20,000 tons on four lines of railway, and not 
including the Eastern Counties (Colchester}. Brighton, South- 
Western, Great Western. South-Eastern, Hull and Selby, Liver- 
pool and Manchester, ana Preston and Wyre. 

In 1845, I estimated the railway traffic in fish at 13,000 tons, 
which must have been much below the mark. 

The following is an estimate of the amount now conveyed 

Districts. Tons. 

Scotland, 2,000 

Northern, 4,000 

Midland, 2,000 

Western, 2,000 

South Western, 4,000 
Southern, 4,000 

Eastern, 25,000 

Total, 43,000 

This traffic is very remunerative, and does not bring less than 
10t. per ton. If parcels were taken into the account, the gross 
tonnage of fish carried may be reckoned as 70,000 tons ; or, on the 
lowest computation, the food of as many individuals. 

No. XVII.— GRAIN TRAFFIC. 

The conveyance of grain and flour is irregular ; for though there 
is a fixed quantity carried to the local markets, the import of 
foreign corn is fluctuating. 

The returns for the years ending J une 30, are as follows 

Company. Tons. Tons. Tons. 

1845. 1846. 1847. 

Great North of England, 5,901 

Lancashire and Yorkshire, *39,082 117,312 

London and Croydon, 45 

Manchester and Bolton, — *4,351 

Maryport and Carlisle, 229 2,434 120 

Norfolk, .. *8,796 *17,771 

Blamannan, .. — 2,624 

Whitby and Pickering, 407 *89 

Whitehaven, .. — 27 *44 

Wishaw and Coltneas, — 1,333 

The amounts received in each of the years are as follows 

Company. 1845. 1846. 1847. 

Great North of England, £1,284 £— £ — - 

Lancashire and Yorkshire, ■ — *13,176 *36,260 

London and Croydon, 5 — — 

Manchester and Bolton, — *415 

Maryport and Carlisle, 31 97 13 

Norfolk, .. *1,091 *2,082 

Slamannan . . — 282 

Whitby and Pickering, 142 4 — 

Whitehaven, .. 2 *4 

Wiibaw and Coltness, 48 — 

* Return for the half-year of grain and provision, 


The rates are as follows, per ton per mile 


Bodmin, .. 

4 00J. 

Maryport and Carlisle, 

4*00 

Whitby and Pickering, 

4*00 

Whitehaven, 

Baliochney, 

3*10 

3*00 

Wishaw and Coltness, 

2 32 

Lancashire and Yorkshire, 

2*29 

Arbroath and Forfar, 

2*12 

Norfolk, 

1*25 


The amount of grain and meal carried by railway is certainly 
not under a quarter of a million of tons, and most probably exceeds 
three hundred thousand tons. 

Through the kindness of Mr. Waddington, I have been favoured 
with the following return of grain, flour, and seed, carried for the 
London markets by the Eastern Counties Railway. 


Half-year 

ending 

Flour. 

Sacks. 

Malt. 

Qrs. 

Wheat. 

Qrs. 

Barley. 

Qra. 

Oats. 

Qrs. 

Beans. 

Qra. 

Pea*. 

Qrs. 

Seed. 

Sacks. 

June 26, \ 
1847. J 
Dec. 25, \ 
1847. J 

126,269 

113,365 

99,114 

81,688 

| 

20,850 

24,287 

4,409 

14,888 

11,326 

2,934 

8,642 

8,239 

1,079 

1,999 

15,099 

9,904 

June 24, \ 
1848, to J 

149,957 

139,078 

26,649 

9,990 

16,426 

1,858 

931 

11,445 

Aug. 12, \ 
1848. / 

45,860 

28,300 1 

,1 

14,847 

1 

789 

2,132 

407 

140 

2,971 


Not knowing the average weights of the above, they cannot be 
reduced into tons. 


No. XVIII.— PROVISION TRAFFIC. 

There are no means of estimating the provision traffic on rail- 
ways ; but such returns as there are, show that it is very great. 

The following are returns of the number of tons of provisions 
carried in each of the years ending June 30. The Lancashire and 
Yorkshire, and Norfolk returns, already given, include corn ; the 
Eastern Counties return is from Mr. Moseley, through Mr. Wad- 
dington, and includes fish. 

Company. Ton*. Ton*. Ton*. 

1845. 1846. 1847. 

Eastern Counties, . . 30,000 

Lancashire and Yorkshire, .. +3,968 117,312 

Lancashire and Yorkshire (Preston & Wyre), 8,521 8,412 5,220 

London aud Brighton, .. — — 3 632 — 

London and South Western, 40,655 

Norfolk, .. +8,796 +17,771 

South Eastern, .. *10,000 

* Fruit, meat, and vegetables, half-year, 3,1183 tons, besides Ash, bacon, bams, See. 
t Half-year. 

The amounts received are as follows : — 

1845. 1846. 1847, 

Lancashire and Yorkshire (Preston & Wyre), £2,591 £2,815 £1,740 

London and Brighton, .. — 4,373 — • 

The rates charged are as follows per ton per mile : — 

London and Brighton, 5*69d. 

Preston and Wyre, 4*00 

Loudon and South Western, 2*57 

Ale and beer are carried largely on the South Western, New- 
castle and Carlisle, and other lines. The rates on the London and 
South Western are 2*09 d. per ton per mile, and on the Durham 
and Sunderland, 2d. 

To the tonnage of provisions must be added that of fish and 
grain, which gives the following returns for 1847 

Fish, — Great North of England, 1,000 tons. 

Norfolk, .. 12,000 „ 

Whitby and Pickering, 1,100 „ 

Grain, — Great North of England, 6,000 „ 

Slamannan, .. 2,600 „ 

Wishaw and Coltness, 1 ,300 „ 

Provisions . — Eastern Counties, 30,000 , , 

Lancashire and Yorkshire, 117,312 ,, 

„ Preston and Wyre, 5,220 „ 

London and Brighton, 3,632 „ 

London and South Western, 40,655 „ 

Norfolk, .. 25,000 „ 

South Eastern, .. 10,000 „ 

In 1845, I estimated the supply of provisions to the London 
markets by railway as follows, to which I subjoin a new estimate. 
This does not include cattle. 
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Malt 


[November^ 


Tons. 

1846. 

MQO 

6,909 

20,000 

30,000 


Torn. 

1 «joi#u-joi<5 

}ifi 

20,000 

40 ,OOO H 


go ode i '*q:ooB' 

15,000 V00«j000 

meat, milk, Gutter, ftfiit, 


South Eastern, 1 

Brighton, 

• South Western, 

Great Western, ’ 

Loudon and North Western, 

Eastern Counties, 

Among these articles are fresh fish, — — , 7 « .. 

&c., which cannot be brought from great distances except by 
way. Milk is now largely carried on the Eastern Counties 2 nd 
other railways, under arrangements by Which the companies take 
back the empty cans. . * . 

The metropolis is, now the seat of a considerable trade in PE<£vi- 
sions, .supplying .,tp j the country towns, fish, prime, beef, pwMtiyj 
fruit Sy aad articles of foreign provision. r < /' L 
The whole provision traffic of -each district, including fish and 


grain, may be estimated as under, 

District. 

U<>1 

t'.l 

»M U 
out a 


. > - ?i, .y-.o- icJ^j odT 

Tons. 

100,000 

t 200,000 L*»Iib?*i<I 

50,000 cu.y M)A 

e^iuaqtmia io1 bbA 

— 30,000 

•'* 50,000. h'*<>T 

» n lo ?nints i oHT 


i'Nbrthern, 

North Western, 

Midland, — 

- -Western, i ’M '* 

— Sooth Western* 

, : x tvi .dk 0 flthern,<>i 

,* • »,.* 

This estimate does i not i inelud^ SdcrtlandU'; ktf{is;faB|tiyagnpn 2 npu 

much under the n^ 2 r ^ .r. i i r> Mmiomfi evoda oiii nw-l 

, -No. XlXti^MANUItB/-TlWL^mX^l .» ^“// 

This traffic is of great Value td ffte? imfetdstd, htyl .] 

there is a want of adequate informdtiohidspfefet^^W.^ ., / 

The following are returns of iDatrures carried for the years' 
ending June 30 . 


Company. 


‘•‘hpttfc/ni 

1845. 

406* 

1,056 


Tfen*' 

1846. 

221 

2,516 

•6,943 


fain*.' 

1947. 


* 1,727 


On the 


Leicester and SwaoninglOD, 

Wishaw and Coltness, 

York and North Midland, 

* Half-year. 

The tonnage on the two former lines is chiefly guano, 

Wishaw and Coltness, 1.043 tons were carried in 1846. 

The amounts received are trifling. They are as follows 
Company. 1845. 1846. 1847. 

Leicester and Swannington, £ 49 £ 19 £ 

Wishaw and Coltness, 27 149 *95 

York and North Midland, — — *445 — — 

* Hatf-year. 

The rates are as under, per ton per mile. 

Newcastle and Carlisle (gbuno) 2*5 d. 

London and Brighton, ~ *24 

Arbroath and Forfar, 2 12 

Leicester and SwauningtoU) • 2*00 

Lancashire and Yorkshire, 1'33 

Wishaw and Coltness, 1*10 

York and North Midland, * 1*00 

Lime and sand are likewise carried as manures. 

It is much to be regretted that no adequate measures are taken 
for applying the manure of towns. In the metropolis alone, the 
waste cannot be less than what would be equivalent to raising food 
for a million of people. 

The following is an estimate of the whole amount of manures 
carried. 

Lime, 210,000 tons. 

Sand, 30,000 „ 

Manure, 40, OjH) ,, 

The whole quantity is perhaps about three hundred thousand 
tons and it may be safely taken that there is a production of food 
for a hundred thousand individuals effected by means of railway 

transit. . _ v .. 

Bones form a regular article of transit on some of the railways. 
The charge on the Arbroath and Forfar Railway is 2d. per ton 
per mile. 

No. XX.— MISCELLANEOUS AGRICULTURAL TRAFFIC. 

Many small articles are included under tjie head of agricultural 
traffic, as to which there are a few scattered details in the re- 
turns. . 

On the South-Eastern Railway hops are earned. This is a season 
traffic, carried on one-half year only. The number of tons in 
1847 was 7,248, and the receipts £7,741. 

The rate of charge on the London and Brighton is 2*5d. per ton 
per mile. 


Malt .is not carried so much by railway as might be expected. 
yet#»dtylfe gets shaken up, and then measures less on del- 
ivery, ftbattrtdt be so well heaped up. As the quality of 

;he maltfll not affiWctfed, this fe only a temporary prejudice on the 
art of%h|Sidealers. 

The~q fija Jges for carrying malt are on the London and South 
iVestcrrf ^Railway 3 d. per ton per mile, and on the London and 

i Barktd** carried on most of the Southern lines. The rates are 
bn thoiondon and Brighton, *68 </., and on the London and So at h 
jw esterrf* fl$57 d. 

BroOifis" qre manufactured near the London and South Western 
ulwaj'j 3£d are carried at the rate of *09<f. per ton per mile. 

Haft jaWkoned hazardous from its liability to catch fire from 
he e sparks. The quantities carried aod amounts received 
n the&fcfcflWfcastle^and Carlisle Railway are — 

1846. 1847. 1846. 1847. 

968 tony. 1,003 tons. £ 892 £ 879 

The rate 1 of carriage on the above railway is M. per ton per 
ile. 

There are no details as to wool traffic, though wool of home and 
breign growth is carried. The rate is 3d. per ton per mUe. 

There is a return of potatoes carried in 1846 on the Wishaw 
jid Coltness Railway, 43 tons at 2*3od. per ton per mile, the 
eceipts being £2 only. * 

The rates for hides are, on the London and South We&ern 2 *5d. 
per ton per mile, and on the London and Brighton, 3-6d. . 

The following ate mixed returns of agricultural prbdupe for the 
years ending June 30. , 

Company. Tons. Tons. , ,> 

1846. 1847, 

Dublin and Drogheda, 5,324 6.064 f / 

Great North of England, 68 323 6,064/ 

West Cornwall (Hayle), 1,308 — 

London and Brighton, 26,804 

The receipts were as follows 

Dublin and Drogheda, £1,867 £1,823 

Great North of England, 4,718 * 

West Cornwall (Hayle), 288 > 

London and Brighton, 11,204 x 

No. XXL— AGRICULTURAL TRAFFIC. 

The preceding sections show the services rendered to agriculture 
by railways. The accommodation may be classed under the fol- 


lowing heads : — 


Brought to the Farm . 


Tons. 
350,001) 
300 000 


Building materials, draining tiles, hop* poles, &c., 

Manures, lime, bones, sand, &c., 

Hay, turnips, oil*cake, &c., for feeding stock, 

Clover aod other seeds, . . 15 000 

Salt, •• * •• 

CoaU, ' .. •• 4.500,000 

Lean stock, 100,000 cattle ; 250,000 sheep, 

Implements and iron, .. .. .» 

Fish, ■ .. 10,009 

Foreign provisions and groceries, .. -- — 

The whole weight carried by railway to the farms cannot be 
less than 6,000,000 tons, on which a very great saving has been 
effected. 

Produce carried to Market . 

Head. Toss. 

Cattle, 400,000 — 

* Calves, 

Sheep, 1,750,000 

Swine, 100,000 — 

Horses, 

Wovi ions, — 700,000 

Grain, 

Other produce, hides, hams, wool, hops, malt, ale, beer, cyder, perry, 
hay and animal food, timber, bark. f 

No. XXII.— PARCELS TRAFFIC. 

This is a well-paving branch of revenue, connected with ^he 
passenger traffic, and has been latterly much improved. The sub- 
joined accounts ao not, however, show the full extent of the parcel 
traffic, as a great portion of it is still included in the general 
account for goods, the carriers making up parcels as goods. The 
results are therefore minimum results. 
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The following shows the number of parcels carried in each year 
ending June 30, so far as they are detailed in the returns 


1845. 

184,545 


32.000 

5,597 

88,571 

36,835 


1846. 

133,953 


6,199 

203,239 

40,962 


1947. 

*23,733 

00,808 

*10,920 

2,783 

8,976 

24,728 

*2,234 

392,402 

38.817 

*21,658 

26,855 


Company. 

East Lancashire, 

Eastern Co an tics (Colchester) 

Eastern Union, 

„ Ipswich and Bnry, 

East Anglian, 

Kendal and Windermere, 

Lancaster and Preston, 

Lancaster and Carlisle, 

Llanelly and Llandillo, 

Londonderry and Enniskillen, 

Lancashire and Yorkshire, 

Newcastle and Carlisle, 

Manchester and Sheffield, 

South Devon, — 

• Half-year. 

The numbers for 1847 may be made out thus : — 

East- Lancashire, 

Eastern Conoties : Colchester, 

„ Cambridge, 

Eastern Union, 

„ Ipswich and Bury, 

East Anglian, .. 

Kendal and Windermere, 

Lancaster and Preston, .. 

Lancaster and Carlisle, . . 

Llanelly, 

Londonderry, , , 

Lancashire and Yorkshire, 

Newcastle and Carlisle, 

Manchester and Sheffield, 

South Devoo, ,, 

The amounts received for the carriage of parcels in each year 
stand thus; the amounts for 1845 being obtained by doubling the 
half-year ending June 30, 1845 

Arbroath and Forfar, 

Ardrossan, .. 

Ballochney, . . 

Chester and Birkenhead, 

Caledonian (Garnk irk) .. 

Cockermouth and Workington, 

Dublin and Drogheda, 

Dublin and Kingstown, .. 

Dundee and Arbroath, 

„ Perth, ,, 

» Newtyle, .. 

Eastern Counties : Cambridge, 
n Colchester, 

Eastern Union, 

„ Ipswich and Bury, 

East Anglian, , , 

East Lancashire, . , 

Edinburgh and Glasgow, 

„ Dalkeith, 

Farness, , . 

Glasgow and Greenock, 

Great Southern and Western, 

Great Western, 

Kendal and Windermere, 

Lancaster and Preston, 

Lancaster and Carlisle, 

Lancashire and Yorkshire, 


40.000 
186,000 

300.000 

60.000 

20,000 

2,783 

8,976 

30.000 
24,728 

6,000 

4,000 

400.000 
38,817 

40.000 
26,855 


Llanelly and Llandillo, 

London and North Western, 

Grand Juoction, 

„ Maoch. and Birin. 

London and Black wall, 

London and Brighton, 

„ Croydon, 

London and South Western, 

Londonderry and Enniskillen, 

Manchester and Sheffield, 

Maryport and Carlisle, 

Midland, 

Newcastle and Carlisle, 

North Union, 

8outh Eastern, 

„ Greenwich, 

„ Gravesend and Rochester, 

Scotch Midland (Coupar and Angus), — — 


1845. 

1846. 

1847. 

£359 

£326 

£410 

— 

— 

•38 

28 

56 

71 

700 

825 

852 

— 

— 

*20 

•11 

1,377 

1,800 

1,260 

471 

354 

678 

346 

733 

939 

— 

— - 

•48 

36 

62 

61 

3,000 

8,8*1 

10,902 

6,984 

5,444 

5,767 



— 

1,100 

— 


•303 

— 


131 

— 

* 

1,140 

— 

3,174 

2,715 

— — 

160 

— 

- - 

- — 

•3 

— 

1,885 

1.884 

— 

— - - 

2,349 

30,000 

♦14,983 

34,165 

■ ■ 

— .. 

107 

1,200 

1,370 

1 454 


— ■ . 

•241 

4,074 

4,309 

5,225 

i, 860 

1,021 

- 

, 340 

*253 

700 


338 

66,000 

20,000 


280 


700 
158 
21,000 
1,261 
2 800 
6,400 
II 


* Half-years. 


417 

60,4V 7 ) 
30,527 > 
5,751 ) 
162 
6,009 
•184 
10,678 

*878 

306 

24.879 

1,389 

2,893 

7,035 

142 

39 

127 


104,748 

201 

9,506 

10,629 

•33 

1,679 

344 

28,986 

1,307 

3,096 

8,445 

334 

•14 

390 


t This seems to be erroneous. 


Slamannan, 

Stockton and Darlington, 

Stockton and Hartlepool, 

„ Clarence, 

St Helen's, 

Shrewsbury and Chester, 

South Devon, 

Whitehaven, . . 

Wishaw and Coltness, 

West Cornwall (Hayle) 

York and North Midland, 

„ Hull and Selby, 

York and Newcastle, 

Mtddlesborough, .. 

North Shields, 

Durham and Sunderland, 

* Half-years. 

The total receipts In each year are as follows : — 


— 

— 

*14 

360 

479 

693 

172 

*40 

82 

- — 

*71 

158 

70 

*54 

110 

— 

— — 

*312 

— 

*41 

1,066 

■ ■ 

•26 

*40 

— 

— 

•so 

29 

53 

65 

. 

10,618 

13,476 

2,800 




2,800 

- - 

8,256 

. 

— 

114 

1,346 

1,495 

•354 

220 

186 

— 


Detailed returns, 

Add for half-years omitted, 
Add for companies omitted, 


1845. 

£156,910 

40,000 


1846. 

£208,952 

16,500 

8,000 


1847. 

£266,043 

1,100 

2,400 


Total, £196,910 £233,452 £269.643 

The returns of parcel traffic are the only returns which show 
any improvement; the others afford less information in each year. 

From the above amounts a correction has to be made for pas- 
sengers* luggage charged in excess, included in the parcels returns. 
This is usually about 6 per cent, of the gross returns ; but as it is 
deducted in some cases, 5 per cent, is a sufficient compensation. 
It must be observed that in some cases parcels are included in the 
goods return. 

The South Devon return includes receipts for telegraphic mes- 


the above correction, the net receipts for parcels will le 
1815. 1846. 1847. 

£186,000 £222,000 £255,000 
It is not necessary to give the detailed charges for parcels, as 
they include sometimes charges of booking and delivery. 

In 1844-5 the number of parcels enumerated was 362,202, and 
the receipts £ 14,034, which gives an average rate of 9*29 d., or a 
little more than 9j</. per parcel, or rather more than 28 parcels per 
pound. Taking this as the average, the total number of parcels 
carried in 1844-5 would be about 4,500,000. 

In 1845-6 the number of parcels enumerated was 384,353, and 
the receipts £ 11,559. which gives an average rate of 7*2 or 
nearly 7^d. per parcel, or more than 33 per pound. Taking this 
as the average, the total number of parcels carried in 1845-6 would 
be about 7,400,000. 

In 1846-7 the number of parcels enumerated was 530,641, and 
the receipts £8,685, which gives an average of 3*9 d., or nearly 4 d. 
per parcel. 

It is questionable, however, whether the average is so low in 
any of the years, as the London and North Western, which has so 
large an amount of the parcels traffic, is not taken to form part of 
the average. It is, however, certain that the average rates for the 
conveyance of parcels have been much reduced. A fair average 
will be 18 parcels per pound for 1844-5, 19 for 1845-6, and 20 lor 
1846-7. . This will give the whole number of parcels carried by 
railway in each year as under. 

1845, 3,350,000. 

1846, 4,200,000. 

1847, 6,000,000. 

The number of parcels carried both ways to each town may be 
reckoned thus 


London, 

Manchester, 

Liverpool, 

Leeds, 

Birmingham, 

Glasgow, 

Bristol, 

York, 

Bath, 

Cambridge, 

Southampton, 

Dover, 

Brighton, 

Sheffield, 

Preston, 

Edinburgh, 


1,500,000 

300.000 

200.000 
200,000 
200,000 
100 000 
100,000 
100,000 
100,000 
100,000 
100,000 
80,000 
60,000 
60,000 

50.000 

40.000 


44 
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Hull, 

30,000 

Eieter, 

20,000 

Newcastle, 

20.000 

Carlisle, 

20,000 

Chester, 

10,000 

Dundee, 

10,000 

Ipswich, 

10,000 


In consequence of new arrangements made by the companies, a 
great increase of business bas taken place in the carriage of book- 
sellers' parcels. There is a great tendency in the parcels traffic to 
increase in consequence of the extension of the supply of the 
local grocers, linen-drapers, &c. from London and the great towns, 
for it is weU known that instead of taking stock a few times yearly, 
they now receive frequent supplies. 

T he chief parcels traffic is on the following lines 


London and North Western, 
Great Western, 

Midland. 

Eastern Counties, 
Lancashire and Yorkshire, 
York and North Midland, 
York and Newcastle, 
London and Sooth Western, 
London and Brighton, 
South Eastern, 


No. of Parcels. Receipts. 


2,000 000 

£104,738 

700,000 

34,155 

600 000 

28,986 

480,000 

16,669 

400,000 

6,225 

800,000 

13,476 

300,000 

8,724 

200,000 

10,629 

200,000 

9,696 

200,000 

8,793 


No. XXIII— MAILS. 

The receipts for mails in each of the years ending June 30, is as 
follows ; the amount for 1845 being made up by doubling the 
return for the half-year ending June 30, 1845 : — 


Company. 

1845. 

1810. 

1847. 

Arbroath and Forfar, 

£40 

£40 

£40 

Ardiossan, 

Caledonian (Garnkirk), 

30 

30 

30 

— 

15 

15 

Chester and Birkenhead, 

827 

835 

835 

Dublin and Drogheda, 

1,600 

1,600 

1,600 

Dundee and Arbroath, 

636 

636 

036 

Eastern Counties : Cambridge, 

150 

4,688 

5,992 

„ Colchester, 

3,000 

3,390 

8,340 

tf Norfolk, 

- 

4,610 

Eastern Union, 

» Ipswich and Bury, 

- - - 

_ 

1,396 



— 

•54 

East Lancashire, 

Edinburgh and Glasgow, 



— 

•25 



1,800 

1,800 

Glasgow and Greenock, 

— 

629 

629 

Glasgow and Ayr, 



497 

497 

Kendal and Windermere, 
London and Norik Western, 

„ Grand Junction, 

15.000 

20.000 

15.832 ^ 
22,479 ( 

*26 

1 

>, Liverpool & Manch. 

„ Manch. and Birin. 

1,000 

45 J 

► 38,492 

i 

London and Blackwall, 

62 

62 

62 

London and Brighton, 

260 

337 

607 

London and Sonth Western, 

_ 

0,303 

0,573 

Lancaster and Preston, 

4,600 

■ 

Lancashire and Yorkshire. 

2,200 

2,379 

2,533 

it Manch. 6c Bolton, 101 

101 

„ Preston and Wyre.170 

170 

177 

Manchester and Sheffield, 

.... — 

•54 

256 

Mid land, 

11,000 

11,5H2 

11,928 

Newcastle and Carlisle, 

4,766 

760 

766 

North Union, 

4,443 

7,200 

4,443 

4,443 

Sonth Eastern, • . 

7,359 

7,100 

„ Greenwich, 

60 

50 

60 

Stockton and Darlington, 

375 

375 

375 

Stockton and Hartlepool, 

— 

- .. . 

89 

„ Clarence, 

— ■ 

*22 

86 

TaffVale, 



• 

205 

York and North Midland, 

_ 

4,266 

5.111 

York and Newcastle, 

2,800 

— 

6,588 

„ North Shields, 

60 

50 

50 


* Half-year. 

The total receipt detailed in 184*5 was £77,000, to which has to 
be added for omissions £23,000, making a gross total of £100,000. 

The total receipt detailed in 1847 was £105,872, to which has to 
be added for omissions £25,000, making a gross total of £130,000. 


THEORY OF STEAM-ENGINES. 

Account of the experiments to determine the principal late s and 
numerical data which enter into the calculation qf Steam-Engines. 
By M. V. Regnault. 

( Continued from page 268 . ) 

Fourth Memoir.— on the measurement op temperatures. 

We do not as yet possess any direct means of measuring the 
quantities of heat absorbed by a body under given circumstances, 
and we recognise this absorption of heat only by the changes which 
occur in the state of the body, or by its dilatation. The name 
thermometer is given to the instrument whose object is to indicate 
the variations in the quantities of heat in any medium. These 
instruments are generally founded upon the dilatation which bodiea 
undergo by the action of heat, or upon the changes in elastic force 
which the same bulk of a gas experiences under the circumstances 
to which the medium is submitted. 

A perfect thermometer would be one whose indications were 
always proportional to the quantity of heat which it had absorbed, 
or, in other words, one in which tne addition of equal quantities 
of heat produced always equal dilatations. To fulfil this condition 
it is necessary, either that the capacity for heat, and the dilatation 
of the thermometric substance, should remain invariable during 
the experiment, or that these two elements should vary strictly in- 
versely as each other. 

Nor would the perfect thermometer yet indicate the quantity of 
heat absorbed by the medium under given circumstances, unless 
this medium presented the same advantages as the thermometrio 
substance — that isL unless it absorbed equal quantities of heat far 
equal variations of temperature as noted by the thermometer. 

But a comparative study of the dilatations of different sub- 
stances under the same circumstances, quickly shows that they are 
far from following the same law ; and it we compare together the 
quantities of heat absorbed by these different bodies when brought 
successively to different temperatures, measured by the dilatation* 
of one of them, we see that these quantities are variable, and un- 
equally variable in each one of them, without our having been 
able heretofore to show the relations which exist between these 
variations of capacity and the changes of bulk. 

The great precision which can be obtained in the construction of 
the mercurial thermometer, the facility with which the thermo- 
metric liquid may he obtained of the same degree of purity, and 
the great extent of temperature through which this liquid pre- 
serves the same state, have given to the mercurial thermometer 
the preference over all other instruments of the same kind, and 
have caused its adoption almost exclusively for all precise experi- 
ments. 

But there is an essential condition which every apparatus for 
measurement ought to satisfy; it is, that it should not only 
remain rigorously comparable with itself — that is, that it shoula 
always mark the same degree under the same circumstances, — but it 
is moreover necessary that we should be able to reproduce it at 
will, and obtain always instruments rigorously comparable. 

Physical philosophers have thought that they had completely 
attained this end, fcy making the scales of the mercurial thermo- 
meters agree at certain normal temperatures which are easily re- 
produced and always perfectly identical; for thi^ purpose, they 
nave adopted the constant temperature at which ; ice melts, and 
that not less constant which saturated steam presents when it 
exerts an elastic force of 76 millimetres. But 1 have shown 
( Annaies de Chimie et de Physique, 3rd Serie , tome v., pages 100 et 
seq that two mercurial thermometers, adjusted for the same fixed 
points of melting ice and boiling water under a pressure of 76 
mm., may show very considerable differences in their movements 
beyond these fixed points, if they are not made of glass of the 
same nature. Even when the glasses of the reservoirs present the 
same chemical composition, there may still he very sensible differ4 
ences in their indications according to the wa'y m which the re- 
servoirs have been worked in the glass-blower's lamp, the molecular 
state of the glass undergoing very notable alterations during thii 
working. 

The mercurial thermometer, then, as it has been constructed up 
to the present time, is defective in one of the most essential con- 
ditions which ought to he required of an apparatus for measure- 
ment— it cannot be always reproduced in the same state ; and the 
different instruments of the same kind are rarely comparable with 
each other beyond the fixed points of their scales. 

Physical philosophers thought that they had observed that all 
the gases dilate exactly the same fraction of their volume at 0°, when 
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they are carried from the temperature 0° to that of 100° (32° to 
21SP Fahrenheit). This law, so remarkable for its simplicity, 
naturally led them to think that the dilatation of the gases ought 
to be in a more simple ratio to the uuantities of heat than that 
of solids or liquids. Some, more bold, even concluded that the 
dilatation of gases must be rigorously proportioned to the quan- 
tity of heat, and that the gas thermometer was the true normal 
thermometer to which all the phenomena of heat ought to be 
referred. 

We now know that this great simplicity in the law of the dila- 
tation of the gases is far from existing. I have shown in the 
memoir upon the dilatation of gases that not only the different 
gases have not the same coefficient of dilatation, but that even for 
the same gas this coefficient varies with its density. The indica- 
tions of gas thermometers then, can only be considered, like those 
of other thermometers, as functions more or less complicated of 
the quantities of heat. 

But the gas thermometers present an advantage over the mer- 
curial, and in general over all liquid or solid thermometers, an 
advantage which arises from the greatness of the dilatation of the 
thermometric substance. In any thermometer formed by a liquid 
or gaseous substance, the indications of the instrument depend 
Upon the dilatation of this substance, and of that of the substance 
In which it is inclosed. Now, the dilatation of mercury is only 
about seven timeB greater than that of the glass which holds it ; 
and the variations which we remark in the law of the dilatation 
of the different glasses, form very appreciable fractions of the 
apparent dilatation of the mercury, and consequently influence in 
a notable manner the indications of the instrument. In the gas 
thermometer, on the contrary, the dilatation of the gas being one 
hundred and sixty times greater than that of the glass, the varia- 
tions of the law of dilatation of the different glasses no longer 
sensibly influence the indications of the apparatus, and do not 
prevent the instruments from beinjf comparable. 

If, then, we wish to profit by this important property, and adopt 
the gas thermometer as a standard, we most study several impor- 
tant questions, so as to fix the conditions under which the instru- 
ment will remain comparable. 

The present memoir has for its object the study of the different 
methods which have been imagined for measuring temperatures in 
experiments which require great precision. I will divide it into 
three parts : in the first part, I will treat of the gas thermometer; 
in the second, of the mercurial thermometer ; and in the third, of 
the measurement of temperatures by means of thermo-electric 
currents. 

Part I. — Of Gas Thermometers. 

When a gas enclosed in a mathematically-elastic envelope is 
submitted to an elevation of temperature, its volume increases, and 
the gas retains the same elastic force. But if we prevent this 
dilatation of the gas, by exerting a proper degree of pressure over 
the whole surface of the envelope, tne gas retains the same volume, 
but its elastic force increases. 

There are then two modes of employing a gas as a thermometric 
substance. The gas may be placed under circumstances such, 
that the pressure which retains it remains constant, and its increase 
of bulk be observed ; or the gas may be compelled to keep the 
same bulk, and its increase of elastic force be examined. 

First Method . — In order that a gas should realise the conditions 
prescribed by this method, which are very nearly those found in 
the mercurial thermometer, it would be requisite that the gas sub- 
mitted always to the same pressure, should expand freely in a 
gauged reservoir, kept throughout at the same temperature. But 
these indications cannot be fulfilled in practice — at least, if the ap- 
paratus is to be submitted to high temperatures. 

The thermometer must therefore do composed of a reservoir 
which is to be exposed to the temperature which it is desired to 
measure, and a gauged tube, united to the reservoir by a capillary 
tube, which removes the other from the place where the tempera- 
ture is to be measured. This gauge tube fulfils the purpose of 
the graduated stem of the mercurial thermometer, and serves to 
collect the pis which the rising of the temperature drives out of 
the reservoir. This tube may also be kept at a constant tempera- 
ture differing but little from that of the surrounding air. At any 
moment during the experiment, the gas is composed of two parts : 
the first, contained in the reservoir, is at the temperature to be 
found, tne other in the tube is at the surrounding temperature. 
These two portions are at the same pressure, which may be brought 
as nearly as is desired of that of tne atmosphere. The equations 
derived from these conditions permit us to calculate the required 
temperature. 
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This arrangement is the one adopted by M. Pouillet, in his air 
‘ pyrometer, and M. Regnault himself employed it in his fifth 
series of experiments made to determine tne dilatation of gases. 
It presents a very serious inconvenience when the apparatus is to 
be used for the measurement of high temperatures. In fact, it will 
easily be seen that in this case the far greater part of the air will 
already be in the gauged tube, and but little will remain in the 
reservoir, so that a further elevation of the temperature will cause 
but a very small portion to pass over into the tube, and this will 
with difficulty be measured with the proper degree of accuracy. 

In fact it can be easily shown that, calling the temperature «*, 
and the coefficient of dilatation of the gas a, the sensibility of the 
apparatus will vary very nearly inversely as (1 + ar)’, This cir- 
cumstance led M. Regnault to reject tnis arrangement for a gas 
thermometer. 

Second Method . — In the second method the gas is kept Constantly 
of the same volume, and the elastic force which it presents under 
different circumstances is measured ; then from thes^, bjrtnelaw of 
Marriotte, we may calculate the dilatations which the gas would 
have undergone if the pressure had been kept constant. - 

The apparatus founded upon this second method are much more 
easily managed, and give greater precision than those constructed 
according to the first method : they have moreover the advantage 
of presenting the same sensibility at high as at low temperatures. 
By placing in these apparatus air of atmospheric pressure when 
the reservoir is surrounded by melting ice, we are sure to have in- 
struments rigorously comparable. Nevertheless, if we desire 
to measure very high temperatures— 1 -if for instance the instrument 
is to be used as an air pyrometer — it is to be feared that the elastic 
force of the ga9 within, becoming very considerable, the envelope 
may experience a permanent change of form under the great 
interior pressures. This inconvenience may be avoided by intro- 
ducing into the apparatus, air under an initial pressure less than 
that of the atmosphere, when the reservoir is at 0°. In this way 
the elastic force may be kept within limits as low as may be de- 
sired, but it is evident that the apparatus becomes less sensitive in 
proportion as the elastic force of the gas at 0° is feebler ; still, as 
the measurement of the elastic force may be made with extreme 
precision, the indications of the apparatus will be in the gi eater 
number of cases sufficiently exact, even though the initial pressure 
of the gas at 0° was but one-fourth of that of the atmosphere. 

But here a very important question presents itself : are air ther- 
mometers filled with air at very different densities comparable with each 
other ? That is, will such instruments agree at all temperatures 
when their scales have been made to accord at 0° and 100° ? We 
have before seen ( p. 240) that the absolute value of the coefficient 
of dilatation of a gas changes very notably with its density ; it is 
required to know whether the changes of density will not produce 
besides, sensible differences in the law of dilatation. It is abso- 
lutely indispensable to decide this question in order to fix the con- 
ditions under which air thermometers shall be established in order 
to be comparable with each other. M. Regnault also proposed for 
himself a second question, which he thinks not less important than 
the first — viz., do gas thermometers , filled with gases of different kinds 
accord with each other when they have been adjusted at 0° and 100° ? 

The apparatus used in these investigations consisted essentially 
| of two gas thermometers placed side by side in the same boiler. 

Each of these thermometers was composed of a globe of flint 
glass (crystal), of from TOO to 800 cubic centimetres content, ter- 
minated by a re-curved capillary tube, and a manometric apparatus. 
The two globes were kept, by copper wires, side oy side on a 
metallic support, consisting of two metallic plates of lozenge form 
placed, one below, the other above the globes, and united by iron 
rods which were permanently fixed to the cover of the boiler ; the 
upper plate was pierced with two holes through which passed the 
stems of the air thermometers, and with two other holes, situated 
in a line at right angles to that joining the first, through which 
passed the stems of two mercurial thermometers. 

The boiler-cover was permanently fixed to a solid partition, and 
the copper boiler was attached to it by screw bolts, so that it could 
be removed or replaced without disturbing the thermometers. 

The manometric apparatus was composed of two glass tubes of 
12 or 14 mm. interior diameter, cemented into an end piece of 
cast-iron provided with a stop-cock, so arranged, that by properly 
turning it, you could at pleasure either cause the two tubes to 
communicate together, or dicharge the mercury from either of 
them, or intercept the communication of the tubes with each other 
and with the open air. The manometers were fixed to the side of 
the partition opposite to the boiler. 

The capillary tubes of the air reservoir were connected with 
the capillary tubes of the manometers, by bringing these tubes 
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ioto exact contact at their ends, and cementmg ,oyertJiem a bms 
tubulure. grooved to fit them outside. wabs^blKre ahd w 

rectangular tube opening into it, into which was cemented a capil- 
lary tube, by means of which communication was fhhde^lth «n 
air-pump, so as to dry the apparatus and introduce the gasea to be 
operated on. ^ 

The boiler contained oil, which was jspnsta'ntly agitated so as to 
maintain an uniform temperature throughout the whole bath. 

The method of operating is as follows : — ' 

In the first place, to dry the apparatus, a little mercury is put 
into the inner manometer tube, ana the stop-cock so placed as to 
cut off this tube from communication with the other and with 
the opening. The lateral tube of the tubulure is then put into 
communication with an air-pump furnished with several tubes 
filled with pumice soaked in concentrated sulphuric acid, which 
are intended to absorb the moisture. A vacuum is made a great 
number of times, antj each time the air is allowed to enter very 
slowly. To be sure that the drying is complete, the globes are 
heated to 50° or 60° (132° to 140° Fahrenheit). The pump is then 
removed, but the tubes are left open in communication with the 
drying tubes. Suppose now that it is desired to compare the 
movement of a thermometer containing air whose elastic force 
at 0° is 76 mm., with that of Aiothetf containing air of a less elastic 
force. 

The two globes are surrounded with .melting ice, and the stop- 
cock of the first manometer Being A pi iced as to make a commu- 
nication between the two majiomet^r tibes, mercury is poured in 
so as to raise its level to a mark placed < near the top of the inner 
tube (that is, the one commiinicatiig With the reservoir). The 
two mercurial columns will be necessarily at the same level, 
because the apparatus codnuunicates freely with the air by the 
tubulure. < • 

On the other hand, a partial vacuum is made in the second globe, 
and the rarefaotion of $he air in it is determined by the difference 
of height of its manemetric columns ; when a proper rarefaction 
has been attained, the apparatus is closfed by hermetically sealing 
the lateral capillary tube of the tubulure, and mercury is then 
poured into the manometer until its surface stands at a mark 
made near the top of the inner manometer tube. 

The elastic forces are measured by foijk properly-placed catheto- 
meters, each one being so placed as;* to be able to follow the 
meniscus in one of the tubes. ; 

The necessary observations of the height of the barometer, and 
the position of the meniscus of each of the manometer tubes being 
made, the lateral tube of the first reservoir is then hermetically 
closed, the ice removed and replaced by oil which is heated by a 
furnace placed under it. The oil bath is heated until the tem- 
perature at which the two instruments are to be compared is at- 
tained, the air-holes of the furnace are then more or less closed 
and the oil kept in constant agitation ; and the thermometers are 

S listed for observation by pouring mercury into the manometer 
es, so as to bring back the level of the columns in the inner 
tubes to the marks made upon them. The temperature then rising 
only very slowly, the movements of the four columns of mercury 
are simultaneously watched, and ( wjien they are perfectly station- 
ary, at a signal given by one of the observers the barometer is 
read, and the temperatures of the air iajthe vicinity of the mano- 
meter tubes, and of the lateral tubes attached to the reservoirs, 
noted. 7 

As it k essential in this mode of experimenting to keep the 
temperatures stationary as long as possible, they should be raised 
very slowly when approaching the maximum at which the observa- 
tions are to be made, and by a little practice a series of observa- 
tions may be got at temperature^ ndt differing more than 1° 
from each other, and the observer be assured that one instrument 
in not behind the other in its indications. This precaution is 
above all indispensable when the air thermometer is compared with 
the numerical. _ , 

It is not necessary, and would be Very difficult, to bring the 
mercury in the manometers exactly to the marks. It fe sufficient 
to bring them nearly there, and as the observations give exactly 
their differences of level, the volumes can easily be calculated 
when the tubes have been gauged in the vicinity of the marks. 
The experiments upon thermometers filled with different gases 
are conducted exactly in the same way. 

These globes were too thin to permit the experiments upon 
thermometers filled with air at a much higher pressure than 
76 nun. to be tried with them ; recourse was had to others similar, 
but having their walls 3 or 4 mm. thick. These globes were of 
rather less capacity than the former, holding only about 600 cubic 
centimetres. 


A great number of experiments were made by M. Regnault 
Nrithwii apparatus in which air of ordinary density was compared 
with that of much less, and with that of much greater density, 
hs well Im with hydrogen gas, carbonic and sulphurous acid, and the 
principal conclusions which he draws from them are as follows : — 

1. The atmospheric air follows the same lawj&f dilatation from 
0° to 340° (32° to 662° Fahrenheit) of tempektturet even when its 
initial elastic force at 0° varies from 0^4 to r®3, (1*33 to 
4*25 ft.). So that in the construction of an wir thermometer, no 
attention need be paid to the density of the air introduced, — the 
instruments will be comparable whatever may be the density. 

2. Atmospheric air, hydrogen gas, and carbonic acid, follow 
between 0° and 350°, sensibly the same law of dilatation, although 
their coefficients of dilatation are sensibly different. So that the 
thermometers made with these different gases will accord, provided 
the temperatures are calculated from their proper coefficients. 
From this it follows that the coefficients of dilatation of these 
gases present sensibly the same ratio at every temperature. 

3. Sulphurous acia gas departs notably from the law of dilata- 
tion which the preceding gases present. The coefficient of dilata- 
tion of sulphurous acid diminishes with the temperature as marked 
by an air tnermometer. 

It is important to remark that in these experiments the relative 
dilatations of the gases were not measured directly, but were de- 
duced by calculation from the observation of the elastic forces which 
these gases present at the same temperatures, their volume remain- 
ing constant. It appears very probable that similar conclusions 
would be arrived at. li>y measuring directly the increase in bulk of 
the different gases tor the same temperatures, their elastic force re- 
maining constant, by a method analagous to that of the fifth series 
of experiments upon the dilatation of gases; but these experiments 
would not be susceptible of equal precision in the measurements, 
for reasons already given at the commencement of this memoir. 

(To be continued .) 


COPPER SMELTING FURNACE. 


A correspondent of the Mining Journal gives the following estimate for 
the construction of a reverberatory furnace for smelting copper on the 
Swansea plan. The stack of the furnace was tingle, 40 feet high, and the 
furnaces 13 feet by 8. The following are the details : — 

12,000 common brick* — at SO*, per mill# 

12 barrel* of Ume— at 4s 

6.000 Newcastle brick*— at SI. 10*. per mllle. 

1,300 Dyoas ditto— at 41. 10s. par ditto 

2.000 Stourbridge ditto— at 8/. N 

14 ton cement clay— at 1/. 17*. 

2 tons Dynaa ditto— at 16a. 

12 brown Flintshire bearer* — at lOd. 

2 Stourbridge ditto— at 1*. Id. 

6 slabs- at7d. 

28 cast-iron studs, 60 cwt.— at 7s. fid. . 

2 wrought-iron ditto, 2\ sq., 8 cwt.— at 16s. 

8 slespers, cast-iron, 8 sq., 6 cwt. — at 7s. 6d. 

Hopper and frame, round Iron for cramps, square |4ron for 
stack rocks, Sat 1 X 14 for stack cramps, fire-bars and 
wedges, about 1 ton — at 10 1. 10s. .. 10 10 0 

Fore sad concave and skimming plat— 7 0 0 

•• .. •* 2 0 0 


£18 0 
2 8 

17 10 
6 17 

16 0 
2 16 
1 10 
0 10 
0 2 
0 8 

18 18 
2 8 
1 17 


Making a total of 107 6 8 

To this mnst be added, about 14/. for the masons’ labour, and 2 1 for that of 
the smiths’, which, added to the cost of the furnace, 107 Z. 6#. 8d, will make 
a total cost of 123 L 6a. 8 d. The prices given are those of the period when 
the furaaee was constructed ; — of course, at different times they will vary con- 
siderably ; any one, however, will be able from them to calculate wbat the 
present outlay would amount to. By building two furnaces, with n double 
stack to serve both, and asing clay in the sides, instead of bricks, a lest 
consnmption of materials would take place, which would necesaarily be fol- 
lowed by a commensurate reduction in the expenditure, thereby enabling 
the contractor to construct his furnaces on a more economical principle than 
above detailed. 
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ATUOSrilERSfc ' PILE-DRIVING MACHINE. 
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PaTEXIED by CtABKE AND VaBLBY. 



This apparatus has besn lately used for driving the piles of the 
cofferdam for lrongate, St. Katherine’s Docks. The inventors 
slate that by this machine, piles may be driven at half the expense 
of driving them by the ordinary machine worked by hand, and in 
about one-sixth of the time. Mr. Crate, the clerk of the works 
at the above docks, states that he drove forty-two piles, 18 feet 
deep, into a bed of very hard compact gravel, at the rate of three 
piles each tide of about 3$ hours ; and to drive one pile only, by 
the ordinary hand-engine, occupied five tides before it could be 
finished, and even then was left 2 feet above the height required 
to be driven. Mr. Harrison, the engineer, also certifies that the 
Atmospheric Pile-Driver gave him entire satisfaction. 

.This machine consists of a vacuum cylinder* of wrought-4ron 
(A), closed at the bottom and open at the top, having an air-tight, 
piston, and self-acting slide-gear, fixed to any convenient part of 
the frame of a common pile-engine. The piston-rod is connected 
to a chain which passes over a fixed pulley (B) on the top of the 
engine ; to the end of this chain is suspended a pulley (C) ; over 
this passes a second chain, one end of which is attachea to the 
ram, and the other, passing down under the bottom ef the frame, 
is brought up and affixed to the head of the pile. 1 The power is 
derived from a small steam-engine, fixed at any convenient spot, 
which works an air-pump for producing the exhaustion. Com- 
munication is made between tne air-pump and the Pile-driving 
Machine by small wrought-iron tubes, connected together by flexi- 
ble joints of vulcanised india-rubber. Thus the machine possesses 



Front Eleration of a Doable Machine. 


the incalculable advantage of being worked at any required distance 
from the steam-enginc^and moved about with as much facility as a 
common crab-engine. The mode of action is as follows : the ram 
being supposed down on the pile-head, and the piston consequently 
at the top of the vacuum cylinder, communication is opened by 
the valve gear with the air-pump, exhaustion then takes place in 
the cylinder, the piston descends by the external pressure of the 
atmosphere, and raises the ram ; when the piston arrives at the 
bottom of the cylinder, the valves reverse themselves, communica- 
tion with the air-pump is then shut off, and the external air ad- 
mitted under the piston ; equilibrium being now restored, the ram 
falls with the fuQ effect of gravity on the pile; the valves are 
again reversed, and the same operation is repeated. Thus a suc- 
• cession of short heavy blows is given, rapid of course in proportion 
to the power of the steam-engine ; and, as by the arrangement of 
the pulleys, the distance between the pile-head and the face of the 
ram is always the same, a regularity of action is obtained, quite 
upknown to the old pile-driver, the injurious effect on the head of 
the pile, and rebound of the ram, consequent upon great height of 
fhllj avoided ; and the ram being permanently fastened to the 
cham, the whole time lost by the re-attachment after every blew is 
saved. The machine is so constructed , that it may be fixed in a few 
hours to the frame of a common pile-engine . 

Fig. 2 shows an arrangement by which one vacuum cylinder can 
be made to work two rams y and, consequently, drive two piles at the 
same time* A pulley (A 1 ) is attached to the piston-rod of the 
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vacuum cylinder ; round this passes a chain which goes over the 
two pullers (B 1 B*), having the ends fastened to the two sus- 
pended pulleys (C* C l ). The arrangement of the second chain is 
similar to that of the single machine. The two rams, being ex- 
actly the same weight, will, of course, rise and fall at the same 
time with each stroke of the piston. If it should be found that 
one pile is driving faster than the other, and for this or any other 
reason it should be desirable to give a shorter blow to one pile 
than to the other, it can be done in the following simple manner : 
a small chain or rope is attached to each ram, hanging freely ; the 
man in attendance can at any time, without stopping the machine, 
fasten the end of this chain or rope so as to check the rise of one 
ram to any extent — a very small force will do this, as the two rams 
exactly counterbalance one another; the other ram will, of course, 
then make a stroke longer in proportion to the shortening of this 
one. Or the working of one ram may, by the same means, be en- 
tirely stopped, the other then making a blow twice the length that 
it did when both were working equally. 

A working model of the machine may be seen at 31, Parliament- 
street, Westminster. 


REGISTER OF NSW PATENTS. 

SELF-ACTING GAS APPARATUS. 

John Watson, merchant, and Edward Cart, gentleman, both 
of Hull, for “ improvements in the manufacture of gas.* — Granted 
February 14; Enrolled August 14, 1848. 

The patentees describe the object of this invention to be the 
combination of apparatus with an ordinary hot-air stove, for 
generating gas in proportion to the supply required, and so to 
arrange the parts that the supply of material to the retort will be 
cut off by the filling of the gas-holder, so that if the supply of 
gas from the retort be not consumed, the further feed to the retort 
will be cut off. The figure represents a section of the apparatus. 



a. is an ordinary hot-air stove, with the retort set therein^ or 
the retort may be set in brick -work or masonry, in lieu of the iron 
stove; p, feed-pipe, to conduct the liquid for gas manufacture 
from the holder g, to the retort i: k, tap opened and shut at the 
commencement and conclusion of the process ; /, self-acting tap 
connected with the gas-holder by means of the two rods, m and 
n, and which are moved together at the joint o. The volume of 
gas required for combustion being supported by a quantity of the 
liquid flowing into the retort, the proportion is regulated by the 
tap /, in exact ratio with the current consumption, and whatever 
decrease or increase is made in the number of lights during the 
apparatus being in operation, causes the gas-holder to ascend or 
descend, until the self-acting tap /, admits only the quantity of 
liquid to the retort commensurate with the flames burning ; p, 
washer or purifier ; q , worm-pipe fixed in a cylindrical vessel con- 
taining cold water for condensation. The worm-pipe conveys the 
gas from the washer or purifier, and terminates with a bend which 


dips into the water contained in the cylindrical vessel ; the gas 
having forced itself through the surface of this water, rises into 
the gas-holder, whose sides dip into water contained in the tank 
Surrounding the cylindrical vessel wherein the worm-pipe is fixed ; 
thus it will be perceived there are two cylindrical vessels, one the 
longer as a tank for the gas-holder, and another the smallest to 
contain water for condensation only. 

The heat used in generating gas may be employed to the ordi- 
nary purpose of heating air, in addition to generating gas, or it may 
be applied to other uses. 


STEAM-BOILERS AND ENGINES. 

William Exall, of Reading, engineer, for M certain improve- 
ments in thrashing machines , and in steam-boilers, engines, and other 
apparatus for driving the same, which apparatus is applicable to 
driving other machinery f — Granted March 3; Enrolled September 
8, 1848. 

This is a very comprehensive specification, and includes nine 
claims, the enumeration of which will sufficiently explain the 
nature of the improvements patented. — The first ana second claims 
refer to thrashing machines, and to a mode of regulating the 
distance of the concave from the drum that carries the thrashers. 
In the third, the patentee claims the employment of two piston- 
rods to each piston in what are known as the Brunell engine, with 
a cranked cross-head, and the forming a recess in the top of the 
cylinders and pistons, thereby obtaining a greater descent of the 
cross-heads and their connecting-rods. Fourthly, the mode of 
adjusting the eccentrics which work the valves or slides (without 
stopping the engines) by means of a rack, acted upon by a pinion 
contained within the shaft, this giving motion to another pinion 
that gears into the toothed ring or arc on the side of the'eccantric* 
Fifthly, in respect to “ Hero's engine,** he claims the introduction 
of the steam into the arms through a hollow neck of prepared 
india-rubber, with metal washers, employed to make the revolving 
joint steam-tight, together with the partial or total closing of the 
emission apertures, and the reversal of the motion of the engine, 
by means of valves or slides receiving motion through the hollow 
axle of the engine. Sixthly, the oombinin^ of a vertical cylindri- 
cal boiler and fire-box, having radiated horizontal flues, with a flue 
surrounding the boiler, which is bounded by the external casing of 
the boiler, and also the placing the surface of the fire-bars some- 
what below the bottom of the boiler, for the admission of air on 
all sides of the fire. The seventh claim refers to an improved 
horse-gearing for driving machinery. Eighth, the application of 
compressed wood to the manufacture of the teeth of wheels, m 
that when the teeth are driven into the recesses or cavities of the 
periphery of the wheel, the subsequent expansion will retain them 
securely therein. Ninth, the forming of dove-tailed or other 
suitable shaped grooves extending across the face to receive teeth 
of a suitable shape formed of wood which has been previously 
compressed. 


HIGH-PRESSURE AND EXPANSIVE STEAM-ENGINES* 

John Lawks Cole, of Lucas-street, Middlesex, engineer, fur 
u certain improvements in steam-engines — Granted March 22 ; Edh 
rolled September 22, 1848. 

This invention has for its object a better arrangement of parte 
in the combination of high-pressure and expansive steam-engines, 
wherein two cylinders are used. In the first proposed arrange- 
ment, the two cylinders are placed above one another, and the two 
pistons are fixed to the same piston-rod, the high-pressure cylinder 
being above, and the larger cylinder for the expanded steam being 
below. The piston-rod passes through a stuffing-box between the 
two cylinders which separates them from each other. This stuffing- 
box is packed by means of two horizontal openings in the plate 
forming the stuffing-box, opposite to each other, by which packing 
is Introduced, the packing being forced into contact with the rod 
by blocks pressing behind by means of screws. In another 
arrangement, two piston-rods are employed to the piston in 
the expansive cylinder, unconnected with the piston-rod of 
the high-pressure cylinder. These two piston-rods pass up 
through the cover of the expansion-cylinder and on each side 
of the high-pressure cylinder to the cross-head or beam above, 
to which they as well as the piston-rod of the high-pressure' 
cylinder are secured. The other parts of the engine are con- 
structed in the usual manner, or so modified as to be suitable to 
the present arrangement of the cylinders. Another improvement 
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is the adaptation to direct-acting steam-engines of high-pressure 
and expansion cylinders, which are placed side by side upon the 
sole plate, the two piston-rods of these being attached above to a 
cross-head, common to both ; from the centre of the cross-head 
a connecting-rod passes down between the two cylinders to a 
crank placed upon the shaft below. To preserve the parallelism 
of the piston-rods, a system of levers is placed above, in connec- 
tion with the cross-head. These levers and rods have also the 
effect of equalising the strain of the two pistons. Another part 
(f the invention consists in the adaptation to double-acting air- 
pumps of slide-valves instead of the clack-valves, the slide-valves 
being worked by an eccentric or crank in the manner of the 
usual slide-valve of steam-cylinders. Expansive slide-valves are 
formed by placing on the cylinder-face loose blocks, which are 
connected to the valve itself by means of two rods, one on each 
ride, upon which are placed nuts for the purpose of adjusting the 
distance of the blocks from the valve ; and thus, by increasing or 
diminishing that distance, to vary the expansion of the steam in 
the cylinder. A further improvement consists in the construction 
of safety-valves for steam-boilers, by combining with the ordinary 
aonical safety-valve, a piston within a cylinder so arranged that 
whenever, from its ceasing to act, the pressure of steam in the 
boiler increases beyond the required amount, the rise of the piston 
will open the valve and thus relieve the pressure. 


by inlet valves, when the bellows are expanded and discharged 
inside the case, when collapsed by the motion of the crank, a 
uniform pressure of air is thus kept up, which may be conducted 
by suitable pipes or channels from the casing to the point required. 

The following claims of the patentee set forth the various inven- 
tions included in this specification : — First, the construction of a 
steam-boiler furnace, in so far as regards the combination of ver- 
tical fire-bars made in two pieces, together with vertical fire-clay 
lumps behind the fuel-chamber, and vertical air-tubes behind the 
fire-lumps. Secondly, the employment in furnaces of every de- 
scription of fire-bars made in two pieces. Thirdly, the mode of 
applying the vapours arising from the chimneys of cupolas for the 
heating of boilers. Fourthly, the construction and arrangement 
of the fan blowing-machine, in so far as regards 4he employment 
of an inner casing with openings of small area in its periphery. 
Fifthly, the general arrangement and combination of parts con- 
stituting the bellows blowing-machine. Sixthly, improvements in 
rotary steam-engines, in so far as regards the employment of two 
or more chambers, and two or more sets of arms and steam-jets or 
apertures in such arms of successively increasing area. 8eventhly. 
an improved spindle or shaft-bearing in which the end or journal 
of the shaft works in a collar or socket" of plumbago. Lastly, 
the construction of 6trap-riggers of a combination of iron and 
guttapercha. • : i ~ ?; vrp'TTru 


FURNACES AND BLOWING MACHINES. 

George Lloyd, of Stepney, Middlesex, iron-founder, for c< cer- 
tain improvements in furnaces and blowing machines , and in engines 
and machinery for driving the same ; which improvements are also 
applicable to other purposes where motive power (s required .” — 
Granted March 8 ; Enrolled September 8, 1848. 

This is a multifarious specification, comprising so many separate 
“ improvements,” that it is difficult, without occupying more space 
than we are willing to bestow, to give any description of the whole; 
we must therefore confine our notice to a few of the leading 
points. The principal part of the invention relates to furnaces 
for heating steam-boilers. The furnace chamber does not pass 
under the boiler, but is at the extreme end. The fire-bars are 
placed in a vertical position, about the same situation as usually 
occupied by the fire-doors ; while the fuel is inserted at a hopper- 
mouth at tne end of the boiler, which, in this case, is represented 
as being flat, with the fuel chamber extending partly up the end. 
This chamber is about the usual width of furnaces ; out in its 
length, it is confined to about the usual depth of fuel by means of a 
number of fire-brick lumps, extending from the hearth to the 
bottom of the boiler, and placed so as to present their edges to the 
fuel in the manner of bars. The fuel being ignited, is piled within 
the chamber till quite full, the only covering being the uncon- 
snmed fuel which extends in the hopper-mouth above the bars. 
The products of combustion pass between the fire-lumps, in con- 
tact with the bottom of the boiler, and break into a chamber im- 
mediately in front of the bridge, where a series of pipes are placed 
for the admission of air. The great heat attained by the fire- 
lumps, imparts a sufficient degree of heat to the gaseous products 
to cause them to flash into flame on being mixed with a due pro- 
portion of atmospherio air. This flame is conducted over the 
bridge and through the flues in the ordinary manner. In the 
construction of tne blowing machines, the blades are tapered 
towards the points, and are placed at angles of 60 degrees back- 
wards, by which means the inventor proposes to overcome the dis- 
advantage which blowing machines usually possess of waste of 
power, by the fans striking the air within the case that is not ex- 
pelled. The blades are confined at the sides by discs of metal ex- 
tending to the point of the blade, and having an opening in the 
centre, of the same area as the openings in the sides of the case. 
The air driven off at the periphery is limited by the entire area 
between the blades being equal to tne area of the side inlets, and 
at the same time attainsa superior blast with lesspower, without that 
disagreeable beating noise, consequent on a rapid motion being 
given to the ordinary fanner. Another blowing machine, de^ 
scribed in the specification, consists of a series of bellows placed 
within an octagonal case, each of the eight sides forming a base for 
one bellows. The other boards of the bellows are placed in a 
radial line, each of the upper or moving boards being attached to 
a crank in the centre of the case bv a suitable connecting-rod ; 
this crank being actuated by a shaft passing out at the sides of 
the case, which is closed quite air-tight. On motion being given 
to the shaft, the bellows will be successively acted upon, as the 
crank performs its revolution. The air entering from the outside 


ZINC ORES. 

Charles Andr£ Felix Rocuaz, of Paris, France, merchant, 
for u certain improvements in treating zinc ares , and in manufac- 
turing oxide of zinc.” — Granted December 22, 1847; Enrolled June 
22, 1848. [Reported in Newton's London Journal.'] 

This invention consists, firstly, in improvements in the treat- 
ment of zinc ores ; and, secondly, in improvements in manufac- 
turing oxide of zinc. 

First, as regards the treatment of the ores of zinc : — This pro- 
cess has usually been effected by first converting them into the 
state of oxide, by roasting or calcination, and afterwards reducing 
and distilling the oxides, by mixing them with coal, and submitting 
them to great heat, in close vessels or retorts. This mode of ope- 
ration is attended with great disadvantages, for, besides occasion- 
ing great consumption of fuel, and rapid destruction of the re- 
torts, the product obtained is by no means proportionate to the 
richness of the ore. 

By this improved process the employment of retorts is entirely 
dispensed with, and the fuel and labour are greatly economised ; 
the operation is also completely independent of the skill of the 
workman or attendant ; and, lastly, the loss of metal incidental 
to the ordinary method is prevented. Besides these advantages, 
the patentee observes, that ores of lead and zinc may both be ope- 
rated upon at once by his improved method. 



Fig* 1. 

The principal feature of the invention consists in the reduction 
of roasted blend-ore (native sulphuret of zinc), and of the car- 
bonates, oxides, or silicates of zinc, and also of the sulphur ets and 
oxides of lead, by the action of the reducing gases of a blast fur- 
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nace ; by which the scoria or slag is fused, the reduced zino vola- 
tilised, and the vapours condensed, and conducted into a receiver 
of a peculiar form, situated over the mouth of the furnace, and 
heated by the gases therefrom. 

Fig. 1 represents a vertical section of the furnace, taken in a 
line with the tuyere holes ; fig. 2 is an elevation of the same, on 
that side where the aperture for charging is situated, the con- 
densers being shown in section ; and fig. 3 is an elevation of the 
furnace, on the side where the tuyere pipes are situated, a, is the 
aperture or channel for charging; a*, is a sliding partition ; 6, the 
outer door or cover for closing the charging channel ; c, c, c, are 
apertures, through which the scoria run* ; </, is an opening between 
the body of the furnace and the receiver e, the lower part of which 
is formed by the cover or partition /, at the top of the furnace ; 
and the upper part by another cover /*, larger than the lower one, 
forming a kind of channel, in which the zinc is condensed, g , y, 
(fig. 2) are openings for the escape of the gases ; 4, is an hydraulic 
main ; b, is the tuyere or blast-pipe ; and /r, k y are openings for 
extracting the zinc and any extraneous matters ; these openings 
are luted every time the metal, &c., is run off. 




The mode of operation is as follows : — The furnace having been 
heated to the required temperature by the combustion of fuel 
alone, a charge of zinc ore, either in the state of oxide, carbonate, 
or silicate, mixed with any suitable flux, according to the nature 
of the ore, is introduced into the charging aperture a, between 
the sliding-plate a*, and the door b ; so that by drawing out the 
slide a*, the charge will descend bv its own gravity into the body 
of the furnace, without allowing the gases to escape through the 
charging aperture 6. The charge thus falls upon a layer of incan- 
descent fue , rising to a certain height above the tuyere b. A 
layer of fuel is then poured upon the ore, then another charge of 
ore, and so on alternately until the furnace is full ; and it is to be 

Fig. 4. 




replenished in the same manner, when the charge sinks below a 
certain depth, which can be easily ascertained by experience. 


The zinc is volatilised by the heat, and the scoria falls into the 
lower part of the furnace, and is run out at the apertures c, c, c. 
The volatilised zinc is carried off with the gases arising from com- 
bustion, and passes through the opening rf, into the receiver e r 
above. The gases from the fire-place escape through the openings 
g ; and as these latter might carry off particles of zinc with them, 
they are passed through an hydraulic main A, before being allowed 
to escape into the atmosphere. By this means all solid matters 
are retained, and the zinc, together with any dust or extraneous 
articles, is extracted through the openings k. When the ore to 
e operated upon is in a comminuted state, it is advisable to make 
it up into a paste, together with the flux, by the addition of water, 
so that it may be charged in pieces of such size as not to pass 
through the fuel. Zinc ore is often mixed with sulphuret of lead, 
and by this mode of operation the zinc is obtained by volatilization, 
and the lead by fusion (this latter running to the bottom of the 
furnace below the scoria), if, by previous roasting, a portion of 
the sulphur has been driven off from the ore. 

The second part of the invention consists in a novel construc- 
tion of apparatus for the manufacture of oxide of zinc. Fig. 4* 
is a vertical section of the furnace, and of the chamber for the 
reception of the oxide of zinc ; fig. 5 is a horizontal section of 
the furnace, taken in the line c, d, of fig. 4 ; and fig. 6 is a vertical 
section, taken in the line a, 6, of fig. 4. a , a, are the retorts or 
subliming-pots (of which there may be any convenient number), 
placed in the sole of the furnace ; b, b, are the covers of the re- 
torts, which are perforated ; o, is the door of the oxidising- 
chamber ; f, upper flue, through which the gases and other pro- 
ducts of combustion pass from the fire-place to the chimney; k, k, 
are vessels for receiving the zinc, in case of rupture of the retorts 
or pots, in which case the liquid metal would run down on the floor 
a, a, and from thence into these vessels ; l, is the flue or chimney 
of the furnace ; ro, m, fig. 6, are vertical flues in the wail, for the 
passage of the waste gases of combustion ; n, is a top partition, 
dividing the oxidising-chamber e, from the horizontal flue f; — 

m, m, is a chamber for receiving the oxide of zinc; o, a chimney 
for creating a draught, and thus drawing the oxide of zinc, toge- 
ther wuth air and gases, through the chamber »i, and alternately 
over and under the upper and lower partitions p, and q. There 
may be any number of these partitions, according to the size of 
the apparatus, and the quantity of oxide to be manufactured. 

is a wire-cloth, or other suitable sifting partition, at the end of the 
chamber m, for retaining the oxide of zinc, and, at the same time, 
allowing the air and gases to pass through to the chimney o. It 
will be seen that the furnace is divided into three separate cham- 
bers or compartments; the lower one, which may properly be 
called the furnace or heating-flue, contains the retorts a, which are 
charged with the zinc to be operated upon. The volatilised zinc 
escapes through the orifices in the covers b, of the retorts, and 
enters the middle or oxidising-chamber e. The zinc vapour it* 
oxidised and forced through the chamber m, either by means of a 
blower or by the draught created by the chimney o, at the end of 
the chamber m. The upper compartment f, is nothing more than 
a narrow channel or flue, for the passage of the smoke and gases 
from the fire-place to the chimney l. These gases heat the dome 

n, and thus keep the oxidising-chamber at a sufficiently high tem- 
perature to burn the zinc vapours with facility and rapidity. The 
partitions p, and q, in the chamber m, are for the purpose of check- 
ing the power of the current and facilitating the deposit of the 
oxide in the chamber m, from whence it is withdrawn by means of 
openings at the sides. 

The patentee, in conclusion, states that he is aware of oxide of 
zinc having been heretofore obtained by distillation, and bringing 
the volatilised metal into contact with atmospheric oxygen in an 
oxidising-chamber ; he does not, therefore, intend to claim, gene- 
rally, producing oxide of zinc in this manner ; but he claims, 
firstly — obtaining metallic zinc in the manner and by means of the 
apparatus above set forth and described, or any mere modification 
thereof. And, secondly — producing oxide of zinc by distilling the 
metal, or matters containing metal, in subliming-pots or vessels, 
furnished with perforated covers, through wdiich the volatilised 
metal may issue into an oxidising-chamber, where it is met or 
brought into contact with the oxygen of the atmosphere, and 
becomes converted into oxide of zinc. 
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COUNCIL OF HEALTH OF PAKt&b 


duties of the Council of health of Paris, is, that the metropolis 
T aflF4rd§-MiSrlS%sYot«otftife#MsS%; many new manufactures long- be- 


The most perfectly organised Muiweipai Bodrd ^f 1 %O^Occ^$fflHy introduced into the provinces. Paris 

hitherto established is that of the city of Paris. The 'cemipre^ associations and enterprise ; and in di- 

hensive system of theConeeil de 'Saluhrite -of PWm,ifte scientific 
ability and energy <rf ita members, and their fearlessness tnfd oevo- 
tion in invading the most dangerous and offensive^ Mding'-pfaces rtf- 
disease, reader in valuable the copious stores Of Sanitary knowledge 
contained in the long series of Reports of their rO^ear^heS. 

Before the revohition, the administrative and" jrtffieial pblice of 
French towns was under the control of several authorities, and had 
not that unity of action so necessary in large cities. The Minister of 
the Interior, the Prefet ef Police, and the Pr£v6t des Marchands 
had, each according to his jurisdiction, part of the surveillance re- 
quired for the pubHc health of the metropolis. Hence, the impos- 
sibility Of instituting a complete system of regular jurispnidence, 
such as that which the Conseil de Saluhrite established some years 
lateri With the growth of the population, the multiplication rtf 


reefing the development of mechanical and chemical arts in the 
rtajptel,*'th$'(k>hjj£ii eT* Health does, in fact, solve problems which 
(cf^ftiedieidtfrcf’fcbrt whede Country. 

i n-fhe present rapid Snrvey of the recent reports of the associa- 
i, c thfeir number at*HHversHy render it necessary to confine the 
“cfdomto a few of theTtiore important subjects. The principal 
reports relate to the adulteration of food, the analysis of bread, 
the! f&trage of water, the escape of waste liquids of manufactories,, 
batjhs, and wash-houses, the '‘riffuse of slaughter-liouses, tallow- 
meeting, glue-Wiaking, smoke of kilns and cement-works, 

tanneries, and foundries, the/cleansing of cesspools, methods of 
‘ ileitiilg and verttjlatirtn, tlie regulation of baths, the purification 
Wf pteert gas. , ’prbcii unions in the manufacture and crtnVeyanbe of 
fusees, and Eliminating powders* steam-engines,, 


<#n mlcal rftateH 

manufactures, ai wf the general increase of commerce, tlie dirties of I ‘Vm tele of aWfftfe Hietnl-gitoin^, distilleries* remedies against ; 
sanitary survei U— ee became move and more important, afc the dr< iMbtaitfon, epidemics, and* large number df que^- 

-a? — i j rjviiois respecting the medical ‘jrolice* c %-•"*-* - 

«i i hilt.— -In a single year the Council analysed nearly 5,000 samples 
> nf salt, which had been taken from different dealers by the police, 
^nlnd found 2,564— samples to he adulterated, the principal ingre- 
>ffi uits for the purpose being plaster and potash* After examining ^ 
natber samples taken directly from the salt-pits* ffaq Council re^ : 
•go ed, t Tint when white salt contains potash, c idcareoua -mat t e r , *g ’ y 
Sind, it U artificially adulterated; that "grey salt appears to con** 
lain naturally a little potash or calcareous sulphate*, nut that the . * 
foirigo auLstaiides exist natiwaily in very npnute quantities. 

fTa/er.-dln dft'fi^tbe Council reported on the different systems 


same tune that they became mare and move difficult. 

At the dose of the last icentafry, these duties were delegated by 
the Lieutenant ef Fotiee to two able physicians, M. Piaandftl. 
Cadet a Veux, to the (latter of whom is due the merit of euppmte- 
ing the Petit ChateLet, the emeiknwtien of prison discipline, tftfe 
suppression of cemeteries in the interior of Paris, and sepid- 
ture m ohurehes, in addition to many <ofeher salutary reforms. •* ° 

The year 1602 was the epoch af the oraatian of the Consett dr " 
Saluhrite. Before that time, the 'Prefect, whenever he hadtogivte ' 
a decision on a subject 'connected with the public health, teak the ' 
advice of a physician, surgeon, agrioultnrist, chemist, or veterinary 
surgeon, according to the nature of the object which engaged his 
attentisw, The incowrenwnces af this method were such, that in 
July of the year above-mentioned, the Prefect Duboix instituted 
the Conseil, which he composed of four members, who were to 
examine* the adulteration of liquids, diseases of animals, and 
noxious manufactures. In 1807, the powers of the Conseil were 
extended, and the number of members was increased to seven, 
who were required to meet regularly twice a month. To them 
was assigned the invest igat ions respecting epidemics, the regulation 
of markets, rivers, cemeteries, slaughter-houses, sewerage, public 
bathsy&c., medioal statistics, and the tables of mortality, the cleans- 
ing of public places, the prevention and reparation of the effects of 
inundations, the repression of charlatanism, and thelight ingof streets. 
The necessity of particlar attention to epidemics, induced the Pre- 
fect to add two physicians to the number of the members of the 
Council ; other additions have been made from time to time. In 
order to add to the authority and importance of this body, it has from 
its origin had the nomination of its own president and secretary, 
and the privilege of recommending to the Prefect persons qualified 
to supply any vacancies which may occur in the Council. 

Some idea of the importance and number of the investigations 
undertaken by the Conseil de Smhibrite daring the first quarter of 
a century after its establishment, may be obtained from the fact 
that the number of reports made from 1815 to 1829, was upwards 
-of four thousand three hundred and thirty. The number of these 
^reports averaged, annually, two hundred and twenty-five ; and in 
the years 1816, 1819, and 1829, respectively, exceeded 840, 350, 
and 420. The beneficial effects which have resulted from the es- 
tablishment of this institution, have led to the establishment of 
similar boards, under different names, in foreign countries ; and in 
France, the Prefects of several departments have created provin- 
cial Councils of Health, which, but for the distraction of political 
events, would now probably exist da every important town in that 
country. 

The functions of the. Conseil are. consultative, not administra- 
tive ; but it assumes the responsibility of measures of government 
founded on its reports, it was re-organised in 1833, by an 
eedonnance of the Prefect, which directs the reduction of its 
number to 13 titulary, member* receiving stipend*, end'd additional 
non-stipendiary meaabenk The Prefect of <Feiiee is pres id e nt of 
the Council, and to him the Council addresses annual reports, 
which are printed. ' 

The number ef reports addressed to> the government, from the 
year 1929 to 1839, was four thousand four hundred and thirty- 
one. During the succeeding six years, the number rose to 
three thousand and eighty-seven. The augmentation of the annual 
average is aoeeuated for by the growth of the population, 
which in 1846 was 1,034,206, showing an increase ©i 100,000 
wae the Morn of the census five years previously. Another con- 
sideration, which indicates the importance and difficulty of the 


of jpurify the Sein^- a matter of vast importance 

in jraris, where 4jarge part of the population use water obtained 
froyn public conduit* -a n d f ounta ins c uppl te d fr om t h at river. -Two 
public companies employed Smith's process, with filters of sand 
an< charcoal iucqpen vessels, and under a small pressure. The 
layer of charcoal is between two layers of sand, which again are 
between two hods . of ‘ dints. —A i third company used the filters 
bearing the nauo of Fonvielle^ which consist #f several alternate 
layers of sponge, sand, and charcoal, contained in a closed vessel, 
subject to a pressure of one atmosphere, for the purpose of in- 
creasing the rapidity of filtration. Another process, most exten- 
sively used, is that of Souchon’s, which consists in filtering the 
water through a number of layers of a woollen tissue, formed of 
wool clippings placed on the frames forming the bottom of the 
filter, and spread, by the action of the water itself, in a compact 
uniform layer. The water pd&ses through five such layers, ol 
which the two lowest are the, thickest and remain unchanged for 
five or six days; the otha&s anai changed two or three times a-day. 
The public conduit of Notre Danr^e is supplied by five of the above 
described filters. 

On a microscopic examination of water filtered by the three dif- 
ferent processes, the Council of Health found ihe water containing 
the least impurity to be that filtered bv tl^e Fonvielle process ; 
next to which came ih*tuof L ^hft Enuchoii - Alters. The purity of 
water depends, however, not entirely on the absence of mattefs 
held in suspension, but alsrt of dissolved organic substances* 
which after a time give a ^qgreeable taste to the best filtered 
water. In this respect^ ihe prater filtered by the process first de- 
scribed was found to be by far the best, as it remained a much 
longer time without alterations. This result is attributed to the 
use of charcoal, which is^ frequently renewed, washed, and driefc. 
The quant it^ofjv *tei^H 4r qd-d*iIy. by Souchong process is -stated 
at about 1 62,800 gallons ; by Fonvielle’s process at 88,000 to 110,500 
gallons. The relative rapidity of the other methods is far slower. 

Steam-Engine *. — Numerous 'memorials have been addressed to 
the Council respecting t^e smoke discharge of waste water, noise, 
and danger of explosions of steam-engines. With respect to the 
smoke, the Council have principally confined themselves to pre- 
scribing the use of fuel giving comparatively little smoke, such as 
semi-bituminous coal; the improved construction and regulation of 
furnaces, so as to insure complete combustion as possible ; and, 
lastly, increased elevatiop of the furnace chimneys. 

Gilding on Metgl . — I* 1816, the munificent prize of 3,000f. 
(<£l2Q) was offered by a private individual, and awarded by the 
Academy of Sciences to M. T^Arcet, for a most successful method 
of removing the injuries, to health produced by the operation of 
gilding with mercury. The principal sources of these injuries are 
the volatilisation of the mercury, the diseugagement of hyponitric 
acid, and the contact of nitric, sulphuric, and hydrochloric acids,* 
mercury, and^utrate of ipercjrtP, with the h ands ef the \ 1 

45 


Digitized by ^.ooQle 



346 


THE CIVIL ENGINEER AN1X ARCHITECTS JOURNAL. 


| NoVEUBitt 


Tht Council provide against tie effect of pernicious vapours, ty 
requiring (according to M. D'Arcet’s system) the construction, 'for 
all the operations in which vapour is disengaged, of a ftne having 
a strong upward draught, and an opening only just large enough to 
admit the execution of the work. Air-valves are to be used t& 
prevent down-draught in the chimneys, which are coated with a 
mercurial soot, and often filled with acid or mercurial vapour ; and 
the height of the chimney is required to he sufficient to prevent 
the deleterious effects of the vapours upon the inhabitants of the 
neighbourhood of the manufactory. 

Street Gas . — The disagreeable odour of street gas is due to hydro- 
sulphuric acid, free or combined with ammonia or pyrogeneous 
products. When the sulphuretted hydrogen and hydro-sulphuret 
of ammonia reach the burner, the combustion converts the sul- 
phur into sulphuric acid, which exercises a deleterious influence on 
health* . , 

It is curious, that in this respect, the provincial townaof France 
exhibit am advantage over the capital. In many of the former, gas 
is delivered to the consumer free from sulphuretted hydrogen and 
ammoniacal gas. By proper management, the process of purifi- 
cation may be rendered complete, and will give, in place or a re- 
sidue of valueless lime, a product valuable for chemical and agri- 
cultural purposes. A commission appointed to examine the pro- 
cess of M. Mallet, hfich ha^ been successfully employed at Bou- 
logne, Abbeville, and other towns, reports, that his method con- 
sists in passing the gas, before it reaches the lime, through chloride 
of manganese, or sulphate of iron, which' rob it of the antmoniacal 
salts by a double decomposition ; precipitating Obtain 
and leaving others in solution in the liqneri- in: which tnc gas I 3 
washed. The separation of the sulphuric and free carbonic acids 
is subsequently effected by lime, of which a’ much smaller quantity 
is required than by the old method* M. Mallets process has the 
advantage of utilising a substance Otherwise valueless; for the 
salts of manganese which he requires are the refuse of numerous 
kinds of manufactures, where it has been hitherto a useless in- 
cumbrance. In localities however, where it cannot be procured, 
sulphate of iron, the product of alum- works, may he substituted. 
Moreover, either substance, after being used at the gas-works, 
furnishes a valuable chemical product — muriate of ammonia, or 
6ulphate of ammonia. 

Sanitary Police.— At the instance of the Minister of Agriculture 
and Commerce, the Prefect of Police submitted to the Council the 
important question whether the bodies of persons deceased in the 
colonies, of such diseases as plague, typhus, yellow fever, or 
cholera, could be conveyed to France with safety. The Council 
replied unanimously in the affirmative : pointing out, at the same 
time, certain measures of precaution, founded on a singular expe- 
riment made by some of its members who had been sent to Egypt 
upon a commission for the purpose of examining the nature of 
the plague. AU the persons on thus commission wore next their skin , 
for a whole day , without inconvenience , clothes infected by the plague , 
and impregnated with ptt*,-— the only precaution taken being to soak 
(not wash) the clothes for a certain time in chloride of soda. 

A Report on the effects of the Cholera Morbus in Paris was made by 
special commission, consisting principally of members of the 
Council of Health. From this document, published in 1884, and 
returns made to the commission, the following particulars are de- 
duced : — The cholera appeared nearly simultaneously in Paris and 
the departments, and its duration was the same in both (March to 
August, 1832.) The mortality was greater among women than 
men. The ages which suffered least were those from 6 to 20 years. 
The total mortality in Paris due to cholera was 18,402 persons,* 
or 23*42 in a thousand ; and the malady was most fatal during the 
month of July, and in localities where the population was poor 
and the air confined. The excesses to which the working popu- 
lation of Paris give themselves up -on Sunday, appear to have pro- 
duced an augmentation of 178 m, the number of admissions into 
the hospitals on Monday. The military* throughout the country 
suffered in the proportion 25*66 to a thousand, which exceeds the 
corresponding proportion (21*63) of theeivil population* In some 
districts infected by putrid emanations, the disease was not more 
destructive than where the air was purer. Up to the 1st of August, 
the number of deaths was 17,070, or 1 in 46. In the Citd and the 
vicinity of the Hotel de Ville the mortality was truly frightful, and 
may be readily traced to the filthy condition of those parts of 
Paris. In many of the houses, the walls were blackened by the 
damp exhalations of unclosed cesspools ; the pipes from these were 
in other cases choked, and discharged tneir contents on the ruined 
Staircases. In 6ome cases these pollutions escaped into the living- 

Ths total cumber of deaths in Paris, in 1832, was 44,119 of which 18,402 were due to 
cholera, leering 25,717 arising from other causer. 


rebfos, imd, in many, the only access of air and light was from u 
court, 3 feet in diameter, the bottom of whieh was used as* a; 
cmftmea receptacle; Added to this, a large part of the population 
of these quarters constitutes the very dregs of society, and subsists 
on the friiits of dishonesty or debauchery. The retribution which, 
in the case of these persons followed the violation of the laws 
of society, may be estimated by the fact, that in the lodging* 
houses or the 7th, 6th, and 12th Arrondissemehts (the worst parts 
of Paris), the number of cases of cholera was 1 in 9, and the 
deaths 1 in 19. 

The annual mortality for 10 years previously was 25,300 ; so that 
the mortality in 1832, exclusive of cases of cholera, exceeded the 
annual average. The total duration of the disease was 27 weeks, 
from the 26th of March to the 30th of September (from one 
equinox to the other). 

The report from which the above particulars are taken, con- 
cludes with an earnest appeal on the part of the commission for 
, those sanitary reforms of which their inquiries have revealed the* 
necessity. The statical returns furnished them with appalling 
details respecting the filth, indigence, and neglect of a large port 
of the population. Among the measures specifically recommended 
1 are, that no new street should be built less than 40 feet wide (the 
J present average is 25 feet) ; that the height of the houses should 
| be limited ; that public conveniences should be constructed ; for 
’ open gutters, under-ground pipes communicating with the sewers 
‘ should be substituted ; that there should be an increased supply of 
Water, which it stated to be supplied to the inhabitants of Paris 
j at the rate of 7 litres for each person, the corresponding rate in 
London being 62 litres ; and finally, that as far -as possible the 
centre of Paris should be rendered more open, by new streets and 
public promenades, sufficiently spacious to be planted with trees i 

The following summary of the proceedings of the Conseil in one 
particular class of their duties, will give some Idea of the extent 
of their whole labours : — 
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RAILWAY RESCUE* 

It is a gratifying proof of railway progress, that attention is 
now more strongly directed to the means of running light trains. 
It is true that in the beginning, in the Liverpool and Manchester 
Railway contest, lightness of the engine was considered the great 
essential ; but for a long time, there was an exigency which de- 
manded all the energies of engineers, and that was — increase of 
speed. When we recollect how very moderate were the expecta- 
tions of most parties, as to the rate to be run by a locomotive; 
when we recollect that ten miles an hour was treated as an extra- 
vagance, and that superiority over good coaches was ddubtfoL 
Wnen railways were started, twelve miles an hour was got by 
good coaches, and for posting a higher speed ; and the locomotive 
engineer had to get such a velocity for tne railway, as should give 
it a decided superiority over all rivals, and overcome by force the 
prejudices which were entertained against railway travelling alto- 
gether. The engineers put their strength in getting a higher 
speed, and it must be borne in znind that they were the more 
pressed to do so, as prepositions,, were then put forward and ex- 
periments made, showing that a high speed for passenger travel- 
ling could be got on eaaaIs,And then were several plans for putting 
locomotives on the tow-paths of the mm* la. The steam-carriage 
was then on the road, and in better 'favour? end it was necessary 
to get on the railway a speed beyond that at which steam-carriages 
could safely be run on the turnpike roads. 

Provided speed was got, whether by an increase of weight or 
expense, it mattered not : and it was got, and every year has added 
to the weight ; hut we are prepared thereby for a new era. By 
these great exertions, not merely the weight has been Increase^ 
but the working power, and the economy of working has been 
greatly promoted. 

If the locomotive engineer had his attention absorbed an d 
* London. Effinglum Wilson. 1848: 


Digitized by 


Google 



W8* 


THE CIVIL ENGINEER^ AND ARCHITECTS JOURNAL* 


347 


drawn in one direction, so it was with the railway mana^oiv He 
had to provide for the traffic which first came in his way,;andifor, 
the deooyanda of the wealthy and commercial classes* > for greater 
accommodation. As yet, this is all. that has been done; and aVr 
though some saving has been made* yet one of the original objects > 
of - the railway orstem^cheap transit — has not yet been acoom^ 
plkhed. t 

A comparatively low meed is the most economical for passengers 
and goodSj but railways nave not yet been able to give the aecun*- 
modation implied by this condition. To suit their general traffic, 
and to work with safety, they have been obliged to work at a 
nearly uniform speed — which has. of course, been a high one ; but 
with the resources afforded by the electric telegraph, it now ap- 
pears possible to introduce slow and cheap trains. We long since 
pointed out in this Journal , the plan of running trains at various 
speeds, which was some years after advocated by the Ruikoay 
Chroasick; and we are glad to see that the principle of it has now * 
been more fully acknowledged. 

The pamphlet now before us advocates lighter engines, lighter^ 
stock, and lighter works ; but it seems that this is to be acoonM. 
panied by getting rid altogether of the present high speed. There, 
can be no doubt that express trains damage the rails, points, and, 
switches, most seriously ; but we cannot now turn back. , ( 

The present pamphlet, although it is crude and short-sighted in: 
some of its views, contains a great deal of valuable matter, and . 
in the main point of lighter stock and cheaper trains, is calculated 
to do very much good. We, therefore, particularly recommend it, 
to our engineering readers. 

The following are the authors opinions as to the discrepancy i 
between rolling stock and rails > 

If there be any doubt expressed at to the discrepancy of strength between 
the rolling stock and the rails, a very plain answer may be found in the fhet 
of the general renewal of rails now required. If this be not enough, let the 
proportions of the periphery of a locomotive driving-wheel be compared with 
the rail beneath it. The former weighs upwards of 200 lb. per yard ; the 
latter from 704b. to 801b. Yet the former is of an arch form, supported by 
the spokes at intervals of nine inches, while the latter is a simple straight 
beam, supported at intervals of fifteen feet, which invariably deflect beneath 
the passing load and destroy the continuity of support. To make a perfect 
railway, the rail-bar should be of sufficient vertical depth to resist all deflec- 
tion, with the heaviest load passing over it. More than this, it should be 
sufficiently hard to prevent lamination. And the joints of the rails should 
be so re-inforced as to be equally inflexible with the solid part of the rail. 
None of these conditions are yet attained as regards the modern class of 
engines, and it is a problem whether they can be attained at all. Even 
as there is a limit to the height of architectural structures relatively to their 
base, by reason of the friability of the material, so there is a limit to the 
weight of engines, by reason of the compressibility of iron and the impossi- 
bility of increasing surface-bearing; for whether a driving-wheel be of three 
feet or eight feet in diameter, the contact with the rail can only be a point 
or that which geometers call a 41 flowing point/* viz., a line. Iron, according, 
to its density, will bear a given weight without compressing, the point of 
oontact being a line. When iron has done its utmost, steel may be resorted 
to i and, possibly, a rail of 200 lb. per yard, of deep vertical section, with a 
surface of hard steel three inches in width and three quarters of an inch in 
depth* supported by cross sleepers at intervals of eighteen inches, might be 
available to construct a real “ permanent way,” — for the modern engines. 
44 Permanent wav” is at present a Incus a non lucendo . 44 Permanent main- 
tenance of way” is a practical fact, as shareholders pockets’ can testify. 

< You, gentlemen, will doubtless be startled at the contemplation of tbe 
Outlay of capital involved in the real permanent way before described. If 
you will not agree to this proposition, you must 41 try back.” If you cannot 
suit the road to the wheel, you most suit the wheel to the road. Having 
the fear of 44 no dividends” before your eyes, you must turn to the practical 
iflaxim of tbe Manchester and Liverpool directors of old, gathered from the 
‘experience of the road, and keep down vour weights. Light horses for the 
high speeds: brewers' horses for the drays. Small trains and frequent, 
with small station room, few police arid porters, and fewer clerks, a slight 
increase of drivers arid stokers, end a huge decrease of plate-layers, and a 
redaction in iron invoices, would do more for your dividends and the public 
accommodation than the present system ef elephantine traction* with a yield- 
ing foothold— e power developed and Wasted. For it mtat be obvious that 
if, after expending nfillionstaaecere ^geOdi gradients,” a defeating rail be 
laid down, it is equivalent to Qoayerting them into bad gradients. In water- 
transit a steamboat drivea a greater or lesser wave of water before her bows, 
fn rail-transit, a locomotive drives a wave of rail before her driving-wheels 
•quivaleut to ascending a constant incline, and demanding a far greater ex- 
penditure of steam-power to snrmount it. The difference in the two cases 
is, that it is impossible wholly to surmount, though we modify, the difficulty, 
with the steamboat, whereas in the case of tbe rail it is practical to sur- 
irionnt the difficulty altogether by proportioning the load on the wheel to the 
Strength of the rail. 

The wate line of tbe rails might fairly be adopted as a standard In esti- 
mating the value of a railway ; for in proportion to the depth of the wave 


wifl b e* cateri* paribus, the power of steam and the cost of coke. Toff 
mutt i be Aware that, to ascend a constant boll, requires more horse-power 
than., to travel along ajevel. Your horse»power is steam, and the railway 
oat is coke* If your drivers and ostlers and road trustees increase tbe eon- 
aqpiptfaa of oats, the coach will seon be run off the road. 

Bu,t even wave lines vary. For example, rails laid on longitudinal timbers, 
as the Great Western, yield an equable wave line. Kails laid on chairs and 
transverse sleepers make unequal waves at their mid-length and at their* 
joints. The result is concussion as well as sinking, and the loss of power is 
greater. Mechanical men having (heir living to get by the prevention of 
waste, and the economy of steam-power, readily apprehend all this, for they 
carry the safety-valve in their own breeches’ pockets ; but it does not so 

readirv occur to railway directors. Let them maintain a standard gauge 

the wave of the rails. Perhaps ns an additional stimulant you Will take into 
your thoughts the somewhat startling fact that a pair of the largest railway 
locomotives would famish power enough to supply the largest pumping water* 
works in London. Another pair might achieve the tasks of delivering 
into their attics instead of the ground-floors of the London dwellings. 
Another pair might pomp dp all the sewage water south Of this Thames, w 
Mr. Chadwick will inform you. 


■ {1 u. 


SMELTING COPPER ORES. 


» Inscription of the process > q/T MAL iKnwrrimL Pmnuca, for smelting 
copper omu , (Fsom apapar SooMsty forthe Encouragement, 
of Ana and , 

In n viOit to >Ebglaad Hi> 1845: ^fle ' of ds become acquainted with the 
experiments made ih ian Eogiish copper- worics* to extract the metatile 
copper by mesias of the actioii of voltaic electricity* from previously roasted 
sulphur ores of oepperi! The tfa formation we obtained was the same as 
was laid before the Society as : descriptive of the process employed by M 
Napier. 

The sulphur ores were first well roasted, then smelted in a reverberatory 
furnace, and tbe copper brought to a metallic state by passing through the 
fused metallic silicate a very powerful vpltaic current ; the grafhite hearth 
of the furnace, and a plate of cast-iron kept at the upper part of the 
melted mass, forming the remaining part of the voltaic current. 

Starting from these given points, we first tried to reduce by a voltaic 
current, not the silicate of copper, but the pure sulphuret of copper. 

After several ineffl>c!&al attempts, we succeeded in passing during more 
than two hours, a constant current through a crucible containing sulphuret 
of copper at a red heat 

In a common Hessian crucible, we placed two small pieces of compact 
coke, kept at a little distance hy weif compressed luting ; and in these 
we plunged two platinum wires communicating with the two poles of the 
battery. The platinum wires were preserved from the action of the sul- 
phur by the pieces of coke and the luting. We found in these direct 
experiments, that coke is a good conductor at a red heat, and that the 
luting conducts but a very little at that temperature. 

Tubes, fixed in two notches of the crucible, had fbr their object the pre- 
vention of contact between the charcoal arid the platinum wires, a point 
of essential importance on two acCritrote^-First, the burning charcoal 
would have established a communication between the two poles of the 
battery outside the Crucible, hod consequently, a large portion, if not tbe 
whole of the current would bare been deviated, and not have traversed 
the fused mass.*— Secondly, the alkaline ashes of die wood charcoal would 
have vapidly , attacked the platinum wires, and the current thus have been 
interrupted. The copper wires closing the circuit communicated with a 
galvanometer, the needle of which indicated by its deviation the energy 
of the current. We employed constant batteries with copper and zinc 
elements, and solutions of sulphate of copper and common salt, of six to 
twenty-four couples, and sometimes only one Bunsen battery of thirty 
elements. We always simultaneously made two comparative experiments, 
by placing in the furnace two crucibles exactly similar, the one traversed, 
and the other not traversed, by the current. 

We found, after Several experiments, that tbe sulphuret of copper not 
decomposed by the coke, fts but very slightly decomposed by a constant 
current of twenty-four couples of the voltaic battery, producing a deviation- 
of the needle of the galvanometer of 85 to 40 degrees. 

By employing a Bunsen battery of thirty elements, producing adevia- 
tioaof tbe needleof the galvanometer of 41 to 50 degrees, we have reduced 
a notable (quantity of copper io a state of fusion ; but tbe largest propor- 
tion of the sulphuret remained undeco reposed. 

These results convinced us that the action of the battery is feeble aa 
regards sulphuret of copper, and that tbe very powerful voltaic current 
requisite for ejecting the decomposition, as well as the difficulty of con- 
veniently disposing the apparatus, would prevent the employment of this 
process for the treatment of sulphuret of copper, and a portion for that 
of pyritic copper, which is the most common ore of copper. 

Experiments analogous to the preceding, in the which wo replaeud tit 
two poles of coke by rods of iron, have indicated to us that the action of 
the battery renders more rapid, but not complete, the reductioo of sul- 
pburet of copper by the iron. It always forms a mass, rich in copper. 
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The action of (he battery, aided by that of the iron, separates from the 
snlphnret of copper bnt a very small proportion of copper. 

In analogous experiments made on galena (snlphuret of lead), this 
mineral' presented the same characters as the sulphuret of copper. We 
also found always a great loss in the crucible traversed by the voltaic 
current, due to the volatilisation of the metal. These experiments clearly 
demonstrated to us that the action of the battery, aided even by that of 
iron, could not serve as a process for the direct treatment of the sulphur- 
ous ores of lead or of copper. 

We then repeated the experiments of M. Napier, and endeavoured to 
redace the fused silicate of copper and iron, by a current brought by two 
poles, the one of iron, the other of plumbago, in immediate contact with 
the fused mass. But we very soon convinced ourselves, that of the 
three ageots employed for the reduction of the oxide of copper (the plum- 
bago, the iron, and the current), the first two, especially the iron, were 
quite sufficient; and numerous experiments proved to us, that by the 
action of iron alone* a silicate of copper, containing besides oxides of 
copper, other bases, such as soda, lime, oxide of iron, &c., gave up in less 
than one hour's action of the fire* the whole of its copper united in a 
button of complete purity. 

It is thus that we have been led to search in the action of iron, the 
principle of the reduction of oxide of copper. We first made several ex- 
periments in crucibles, in order to determine the circumstances most 
favourable to the action of iron. The following are the principal results 
which we obtained; In our crucible were arranged two or more iron rods, 
dipping almo^ to (he bottom, and- kept at the upper part by a bed of 
luting. The material employed was either roasted pyritous copper, or a 
ntixtoreof oxide of copper, obtide of iron and sand ; to these we added 
as fluxes, soda, or lime, or even ohdk, only. By employing soda as the 
flux, the reduction of the oxide of copper was complete in a very short 
time. At a quarter of an hour's fusion, the copper obtained was chemically 
pure. With chalk, the complete reduction required one hour's fusion. 
The copper produced contained much iron (often 15 per cent.) when the 
iron-rods dipped dowo to the bottom of the crucible ; and, on the con- 
trary, was always very pure when the rods reached hut a little way above 
the bottom. The time necessary for the complete reduction of the oxide 
of copper, was more or less great in proportion to the number of iron rods 
employed. 

Satisfied with these results, we constructed a reverberatory furnace 
capable of containing about 250 kilogrammes (5 cwt.) of fused metallic 
silicates, and presenting no other peculiarity of construction than having 
six grooves or vertical hollowed-out places in the wall opposite to the 
door of the furnace. Their use was to maintain in the fused mass 
six bars of irou of 6 to 8 centimetres (2£ to 3£ inches) wide, and 
70 centimetres (26 inches) long. These bars thus acted on a large portion 
of the melted mass, were not in contact with the copper, were readily put 
in and removed, and we were able to stir the melted mass between the 
bars, in such a way as to render it homogeneous, and renew the parts in 
contact with the iron. We have treated in this furnace, more than three 
tons of the pyritic ores of Cornwall, Germany, and Spain, all previously 
carefully roasted. This complete roasting is easy enough when the ore is 
ground with fine send ; it is done w ith ordinary precaution, but should be 
finished with a brisk beat. In the first experiment, we commenced by 
fusiog the roasted ore with lime and poor slag ; and when the fusion was 
complete, we applied six bars of irou, which were allowed to remain during 
four hours. After this time, we removed the bars and ran out the metal. 
In operating thus, we always found the consumption of iron to be much 
greater than theory, pointed oat as sufficient for the reduction of the oxide 
of copper. The slag retained from 2 to 3 per cent, of copper. We at- 
tempted to smelt this slag by itself, and acted upon it with bars of iron 
for four hours : the result was that we obtained new slag, equally rich in 
copper with the former ; and this, notwithstanding that the bars lost several 
kilogrammes of weight. This oxidation of the bars of iron could not be 
attributed to the air of the furnace which had not served for combustion, 
since the bars were constantly and entirely plunged into the fused ma- 
terial, but was evidently due to the peroxide of iron contained in the 
metallic silicate, and which would be brought by the iron to the state of 
protoxide before the oxide of copper could be completely reduced by the 
iron. We then endeavoured to reduce the consumption of iron, and recover 
the copper lost in the slag, by adding to the action of the iron that of 
charcoal or coal. The carbonaceous material might be employed in two 
ways. First, mixed with the wasted ore ; secondly, added after complete 
fusiou, to the compound formed of the fused silicates. In operating in 
this last manner, we were soon convinced that the charcoal acted but slowly 
and feebly in the fused silicates, because it floated on the surface of the 
mass, and could not be kept within it. Nevertheless, its action is of some 
account ; for, when we threw on the melted mass in the furnace a certain 
quantity of poor coal, we always observed a rapid augmentation of its 
fluidity, explained only by the reduction to the state of protoxide of iron, 
of a considerable quantity of the peroxide. The consumption of iron 
beiog still very great, we next proceeded to examine the action of the 
carbonaceous matter, when mixed with the roasted ore before charging the 
furnace. After several trials, we have adopted as the most convenient 
proportion of charcoal dost, or small poor coal, that which is required to 
produce one-half carbonic acid, and one-half carbonic oxide, in combining 
with the oxygen of the oxide of copper, and that combined with the prot- 
oxide of iron in the roasted ore. This proportion gave us, without em- 
ploying the action of iron, a slag containing 2} per cent, of copper. We 


have proved by several trials (1.) that HHs pr opor t i o n of charcoal aoaff 
not be rigorously adhered to ; and that it may be either b cr t sirt or di- 
minished to* some extent, without the slog being efcber poorer or richer fm 
copper, or the quality of the copper altered. (2.) Thai io iacreooaag aaeh 
the proportion of eharroai mined with the ore, and in vaiuiag Ibe miaparm 
tore of the furnace to a bright white heat, wo maid aftmoyc bring the faofc 
slag (without the action of iron) to such a point, that it should not oomtaim 
more than of copper : but then the copper contained 8 to toper earn!, of 
iron. By operating at a lower temperature to that strictly accessary fee 
fusion, wo obtained a slag rich enough in eopper, and still containing Itog 
per ceot. of iron. (3.) That the action of the bars of iron on the fused siltcatev 
containing 2 to 3 per cent, of copper, is powerful and rapid ; nod 
three hours are snfficient to bring the slag to such a state that it shall < 
tain only T7 ^ nr to of copper, the copper obtained being at the i 
time free from iron. The following is the mode of operation, we were defini- 
tively led to adopt : — We charge the heated furnace with n mixture of 
roasted ore (3 to 3} cwt) and lime or sand, and the slag of a preceding o p e 
alios, in quantity convenient for determining the fasten of tbs material, mmA 
charcoal or small coal in the proportion previously indicated. Io recknmug. 
only aa bases is the charges* the protoxide of iton and the lime, wc en- 
deavour to produce a bisUicate, containing 12 to 15 per cent, of lima. 
Experience has pointed out, that a bisilicate of protoxide of iron, one banu 
only, melts very quickly and acquires a great fluidity, but readily given a 
copper containing much iron. 

After charging the furnace, we throw on the surface of the mass one 
or two shovelsful of smalL coal, for the purpose of preserving the material 
from oxidation by the flames of the furnace. We stir the mass from time 
to time, io order to enable it to heat more uniformly, and melt quicker* 
We sometimes succeed in melting completely in four hours. As soon an 
the mass commences to agglomerate, the parts which attach themselves 
to the rakes contaio a certain quantity of copper scales : when the feoinn 
is complete, the rods plunged into the melted mass indicate the re-unium 
of the copper at the lowest point of the hearth of the furnace near the 
discharge hole. 

We have always examined the slag swimming on the copper at thin 
moment of the operation, after having carefully stirred the mass so an to 
produce slag of a homogeneous quality, and found it to contain 2 to 3 per 
cent, of copper. When the whole is well melted, we place six bars o€ 
iron, weighing altogether from 36 to 45 kilogrammes (84 to 105 lb.) r 
fixing their ends in the grooves in the side of the furnace opposite to the 
door, taking care to plunge them entirely into the melted mass. We them 
again throw on the surface of the slag a small quantity of coal, to prevent 
the peroxidation of the protoxide of iron of the slag by the flames ; then, 
from half-hour to half-hour, we stir with a two-pronged rake (very conve- 
nient to clean) the surface of the iron-bars immersed in the slag. We also 
employ as a powerful means of producing the mixture, a wooden pole, 
which, pluoged into the slag, gives a considerable disengagement of gas, 
and produces a strong frothing up. The appearance of the slag furnishes 
but little indication of the progress of the reduction of the metal ; we hare 
however, proved that trials made with a cold rake, plunged for a moment 
into the fused mass, always presents on contact with the iron, a reddisk 
metallic tint, strongly marked where the slag was rather rich ; a tint 
which, on the contrary, was scarcely discernable when the slag contained 
not more than to of copper. 

We have always found that three to four hours are sufficient to remove the 
copper from the slag up to T7 ^ g 7 l - to After this interval of time we 

draw out the bars, and ran off the metal. The duration of one entire operation 
is thus about eight hours, and three operations may be readily conducted 
in one day. The loss in weight of the iron bars varies in our experiments to 
from 1 to 6 kilogrammes (2$- to 13 lb.) f for quantities of copper of 12 
to 42 kilogrammes (27 to 94 lb.) obtained from ores of various quali- 
ties. This loss is independent of the richness of the ore, and the consump- 
tion of the iron is proportionally less for the rich than the poor ores. For 
the pyritic ores of Spain, containing 21 percent, of copper, we have con- 
sumed 11 parts of iron for 100 of copper obtained. The English ores 
which we have melted contained 7 per cent, of copper, 4 to 6 per cent, of 
arsenic, a small portion of antimony, and some traces of tin ; from these we 
have obtained an impure black copper, containing 3 to 5 per cent of arsenic, 

2 to 3 per cent, of tin, and only a few thousandths of sulphur and iron- 
This result has not surprised us ; the arsenic can only be completely driven 
away by a great number of successive operations and alternations of rotat- 
ing and redaction. Thus, we do not propose the application of our process for 
the treatment of ores containing much arsenic or antimony — as, for example, 
the grey copper ores. With the pyritic ores not containing arsenic we 
have always obtained a very pure black copper, containing only from tAv 
to of sulphur and iron. 

The roasting has a certain influence on the quality of the copper, and on 
the consumption of iron. With well roasted ores we never had a deposit 
underneath the copper, which was the case with ores imperfectly roasted* 
The copper contained not the least iron, and less than of sulphur. 
The consumption of iron was much less with well roasted ores, and the 
final slag less rich in copper. The temperature which we have adopted aa 
the most convenient, is that which is strictly necessary for the fusion of the 
copper and the slag. Too high a temperature renders the action of the iron 
on the silicate of copper more rapid and energetic ; but the coal reduces 
more easily a part of the oxide of iron combined with the silica. In ope- 
rating in the same manner* on the same mineral* at a well-regulated teope- 
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rfifeire, and at a bright red heat, maintained from the comiqeuMjipepfc of Cher 
operation, we hare obtained, in the former case, a copper of sufficient purity y 
in the latter cate, a copper contaminated with 3 per cent* of iron., . 

The consumption of coal employed in oar furnace will not give a great in- 
dication as to the quantity which would be required in a large reverberatory 
furnace kept in 'constant operation. We can, however, give a calculation of 
sufficient approximation from the consumption of the large oopper furnaces 
in Wales. 

The o»es to which oav process assy be applied with the greatest advantage 
are the oxides or pyritic ores with a gasgue of pyrites or oxide of iron ; they 
vender, by oor mode of treatment, oopper of excellent quality. These ares, 
ne a* present treated, yield a blade copper containing much iron. Our pro- 
oeas is also readily applicable to dt the ores of copper which do not contain 
too much arsenic or antimony. The procesa which we have described oflees 
several marked advantages over the methods ordinarily employed. It is 
rapid and economical, since by one single fusion we obtain a slag sufficiently 
poor to be rejected, and all the copper in a state of sufficient purity to be 
told after one smelting, or at the most a short ve6aing It requires no 
difficult manipulation, and the workmen can readily understand the' way of 
conducting the operations. The complete roasting of the ore is not a new 
Operation in metallurgy ; it .is easily accomplished when the ore is ground 
with sand of sufficient fineness ; it requires tact and attention on the part 
of the workmen, and should he finished by a good stroke of the Are; in 
order to decompose the sulphates formed at a lower temperature. We ’haivC* 
previously pointed out that the principal inconvenience of an incomplete 
roasting is, in the smelting, a greater consumption of iron, and a lets Cum*- 
plete removal of the copper from the slag in a given time. A good roasting 
furnace should contain about 1£ ton of ground ore: the operation- should 
bt continued from 15 to 24 hours. For the smelting, the furnaces should be 
similar to the large reverberatory farnaces of Wales, and contain for a charge 
24 cwt. of ore. There should be three smelting farnaces for four roasting 
furnaces, supposing that three operations may be conducted in each smelt- 
ing furnace daily. The refining of copper of the first smelting maybe done 
in a furnace containing four tons ; an operation which does not require more 
than 12 hoars. To give an idea of the principal materiel necessary for the 
production of a certain quantity of copper, we will suppose that we have 
to treat a pyritic ore of copper with a gangae of pyrites or quartz, contain- 
ing at the most 15 per cent. of copper. To produce per annum 100 tons 
of copper, there will be required two pair of stamping mills, twelve roasting 
furnaces, eight smelting furnaces, and one copper refining furnace. 

It will also be very advantageous to annex to the copper-works an iron- 
work, which would produce at a low price the iron necessary for the tools 
and implements employed, the bars, Ac., and to use up the old bars which 
will no longer serve in the smelting furnaces. We have also applied the 
action of iron on the metallic silicates in fusion to the treatment of sulphate 
of lead, but less successfully than in the case of copper ores. These trials 
have been made on a large scale in a reverberatory furnace capable of con- 
taining 24 cwt. of materials. 

To the dry sulphate of lead, we added sand, a little chalk, the slag of a 
preceding operation, and abont three per cent, of charcoal. A larger pro- 
portion of charcoal always gave a little sulphuret of lead with the metallic 
lead. We charge the furnace, and heat it so as to effect an entire fusion for 
the space of five hours. We then throw into the fluid mass, at three or four 
times, iron turnings, which replace to great advantage the bars of iron. The 
proportion of cast-iron turnings necessary is abont one-eighth of the weight 
of the dry sulphate of lead. We stir the mats very frequently, and after 
lour or five hours* action of the iron, run off the metal. We have obtained, 
in this manner, 45 to 48 parts of lead from 100 of sulphate of lead. The 
loss, therefore, of metal was considerable, which was due in great part to 
the volatilization of the lead, the fumes of which were evident at the top of 
the chimney ; this volatilization principally took place during the stirring 
and the charging. We notice this application of our process to the reduc- 
tion of sulphate of lead, because that it proves that iron acts very rapidly on 
the silicate of lead, and that this action might be employed under certain 
circumstances. 

To complete the description of the process for the metallurgical treat- 
ment which we propose, we now proceed to give an estimate of the probable 
ooat of the treatment of copper ores. We base this estimate on the dura- 
tion of the operations in the reverberatory furnaces in which we have treated 
the ores of copper and the sulphate of lead ; on the consumption of coal in 
the large smeltiog furnaces in Wales ; and on the consumption indicated 
from onr own experiments. 

To oo m pare our process with that adopted in the greater number of cop- 
per-works in England, we have adopted the figures given by MM.Dufrenoy, 
Elio de Beaumont, Costa, and Perdonnet, in their 14 Voyage Mftallurgique 
en Angleierre” We will reckon the cost for 1 ton of pyritic ore having a 
gangue of quartz and iron pyrites. For the refining, we calculate the expense 
for one ton of copper. 

RIVOT AND PHILLIPS* PROCESS. 

First Operation . — Grinding of the ore. 

For one ton, .. .. \fr. 50c. ~ la. 3d. 

Second Operation . — Roasting of the ore in furnaces containing 36 cwt* 
Duration of roasting process, 18 hours. (We may remark that for the 
roasting, the lost heat from the smelting furnaces may be very well em- 
ployed, as is done in some English works.) 


Labour, 1 J day @ 2 francs ..3 fr. 

Coal, o cwt. @ l fir. & 2 cwt. .. ..3 

Total •• •• 6' t A* ■ Sa 

Third Operation — Smelting of the roasted ore. Furnaces containing 1} 
ton of ore (weight of crude ore). Duration of operation, eight hoars* 
Consumption of coal per hour, on an average, 120 kilo. = 2 cwt. 1 qr. 161b* 
The iron is put at 25 fr. the 100 kilo. » 20s. the 2 cwt. 

_ ft. c. 

Labour, 0*87 day @ 2 fr. .. .. 1 74 

Coal, 640 kilogrammes @ 1 fr. M 6 40 
Iron, Ac. .. 9 00 

Special Expenses .. .. 17 14 ^ 13*. 8<f. 

This operation gives all the copper contained in the ore in the state of 
black copper, containing but a very little iron and sulphur. 

The special expenses of the treatment of one too of copper ore of ordL 
nary qaality, 6 to 30 per cent, according to our process, 

, , ( t, M ft. , 

t . ,, Grinding .* t .. 1 50 , . 

IM lH( Roasting .* ... ,. 6 GO 

Smelting .. M ; 17 14 , ( 

1 !• ' M ; Tot* M *t .64 ' JR*. 

Fourth Operation .— Refining of tho blank, copper obtained bp faulting. 
1» n< furnace containing 4tone of coppers Dotation of the operntson, 13 
bear*. Meant consumption of eoal per boon, 2 cwt. 

Fot one( ton of cbpper " 1 *■ ■■ " 

Labbtfr, Tliafr-tfay^g 3 francs .. ! W l 3 

Coal, 1J cwt. & I franc.. .. ,. I 50 13 

Tbfal .. .,3 0 2 6 

For an ore rendering 8 to 10 per cent, of copper, the refining will add abo ut 
30 per cent, to the expenses. 

In adding to these expenses 3 francs (2*. 6 d.) for repairs of implements, 
Ac., we arrive at a sum of 27 fr. 94c. for the expenses of the treatment of 
one ton of ore, comprising the refining — say in round numbers, 28 franet 
(22*. 6 d.) For a return of 8 to 10 per cent., the special expenses for 1 ton 
of refined copper will be 350 francs (14/.) ; for a return of 25 per cent, 
112 francs (4/. 10*.) 

WELSH PROCESS. 

The special expense of the treatment of one ton of ore, containing or 
rendering 8 per cent, of copper, is as followa ; — 

Coal, 1,600 kilogrammes @ 1 franc •* .. 16 fr. 

Labour, Ac. Ac. .. •• .* .. 26 

Total .. .. 42 Jr. - 33*. 2d. 

Difference in favour of onr process, 14 francs (11*. 8d.) 

For one ton of copper and for the ores ordinarily treated in Wales, the 
difference in the special expenses of the treatment is 175 francs (71.) 

The Society for the Encouragement of the Arts and Manufactures, and 
the Academy of Sciences, have both reported favourably on the procesa of 
MM. Rivot and Phillips. 


FALL OF RAIN. 

An Account of *oxne Observations made on the Depth of Rain which fade 
in the same localities , at different altitudes , in the hilly districts of Lan- 
cashire, Cheshire , and Deibyshire . By S. C. Homersham, CJB.— (Read 
before the Royal Society of London, May 25, 1848). 

Having been present at a meeting of the Royal Society of London on 
the evening of the 18th of May last, when a valuable and interesting 
paper was read, u On the Meteorology of the Lake Districts of West- 
moreland and Cumberland, *’ by J. F. Miller, Esq., of Whitehaven, in 
which paper the following remark occurred:— 44 It would be premature, 
from the scanty dgia before me, to draw any conclusion as to the grada- 
tion in the quantity of rain, at these great elevations above the sea* 
But to ssems probable that , tit mountainous districts , the amount of rain 
increases from the valley upwards , to an altitude qf about 2,000 feet, where 
it reach** a maximum; and that above this elevation the quantity rapidly 
decreases. The table for 1846 exhibits the rain fall of the summer months 
only; but the additional returns of 1847, obtained in every variety of 
seaaoo, confirm the above deductions in every essential particular, so that 
we may fairly assume the combined results to be indicative of a physical 
law, so far at least as relates to the particular locality in question.* 
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I ma desirous of laying befpre (he Rojfl Society c^rtqia, objmrvaJiona 
made under my own direction* wbicb lead me to differ from the authored 

that paper in the conclusion he has deduced from his facts. ,, 

Mr. Miller kindly furnished me some time since with many, if pottha 
whole, of the results of his experiments in these districts up to the begin- 
ning of March last. I have been careful to ascertain whether Mr. Miller’s 
own experiments fully bear out the conclusions suggested in the quotation 
above made, because this conclusion is in direct opposition to the recorded 
observations of the Honourable Davnes Barrington, F.R S., Dr. Dalton, 
Professor DanielI,SamuelMarshall, Esq., of Rend al, and John Fleming, Esq., 
of Manchester ? and also to observations made in 1841 by Captain Lefroy, 
then Director of the Observatory at 6u Helena; the results of which ob- 
serrations were published in 1847, by order of Her Majesty’s Government, 
under the superintendence of Lieut. Col. Sabine, F.S.tt.S., in a volume 
eaiiHed “ Observations. made at the Magnetical and Meteorological Ob- 

^rratwy^f ,£t« 

" TheHantiunabld D nines Barring too. F.R.8., statea in the M Philoso- 
l*icrf]TmtifWtfaina:V for 1771, page 294, that in 1770 he caused two rain 
gfcogea iobe> placed, ou» on Mount Rening, in Wales, 1,350 feet above 
theietel of Utt sea, and the other upon the plain below. From July 6tb; 
in thin year 4o October 29th, the gauge on the top of the mountain caugM 
aiOhmchesJof raio ; the one at the bottom 8*760 inches, showing half an, 
iotWnmre rain 4e katveJuUm at dhe bottom than on theliopof thapupuaTi 

tnka^^-,] Tj ,.l f . r ' [ r /I . i ’ [■<■*' f ■ ) . M M t T 

J>r.I>aHon, in the » Memoirs of the Literary and PWosPpjMffldiSph 
(getiy Off JUimfheater ” voj. v. r New Series* p. 2|6, nays >- 4t From tJtePbrt 
snrrationa made in Great, Britain, it appeara be an, established fo«u tbaf 
more rain falls in the biil*par|tnf the cquutfy than, ip Regain ; i* 

aim appears that the qma^ty qf 

elevated situation in the vicinity ” yt .,,n 0J ■ u *.,* > - 

Professor ,Daniell, in hia ‘‘RUwJont# of MeMarology,?ivoL i., p. 236, 
states, 44 It has been ascertained more mv* fads at the: bottom of a moun- 
tain than the top. Samuel , Marshall, Esq of Kendal, also states, in a 
communication published is 1839; in the Transactions of the Meteoro- 
logical Society,” vol.i.,p. 115, that, “ Itiaafaet sufficiently well estab- 
lished, that more rain falls in low situations than in more elevated ones, 
even when contiguous. 

And more recently, John Fleming, Esq,, states, in the 44 Memoirs of 
the Literary and Philosophical Society of Manchester/’ vol. v., Second 
3erig», p. 252, that, “ On the descent of the hill, and probably about the 
foot of it,.tbe heaviest rain will fall.” In the 4< Observations made at the 
Magnetical and Meteorological Observatory of St. Helena,” before alluded 
to, it is stated at p. 102 of the index “In 1841, Captain Lefrpy, then 
director of the observatory at St. Helena, established rain gauges at three 
other points of the island, for the purpose of ascertaining a comparative 
estimate of the quantity of rain. The stations were — 1. Near the highest 
pinnacle of the island, on a very narrow ridge or rock ; 2. lower down on 
the same ridge §f hills; 3. Longwood observatory ; 4. James Valley. The 
three first stations might be comprehended in a circle of one mile radius, 
and the fourth is but little more distant. The quantities of rain received 
at these stations, during nine months of 1841, wete as follows 

1. At 2644 feet of qlevation, 22*63 inches. 

2. At 1991 „ 2711 „ 

3. At 1782 , it 43*42 „ 

4. At 414 7 63 „ 

This table shows that at 1782 feet elevation, much more rain fell in a given 
time than at the higher elevation of 1991 feet. The reason why so small 
•a quantity as 7*63 inches only was recorded in the same time at 414 feet 
elevation, is not very apparent ; but it would probably be found, upon ex- 
amination, that this result is due to some local circumstance in the position 
of the gauge, and not toils elevation— a conclusion to which 1 am led by 
an examination of the localities, compared with the quantities of rain col- 
acted in Mr. Miller’s experiments. 

In a Report which 1 have recently . published, 44 On the Supply of 
Surplus Water to Manchester, Salford*, and Stockport,” p. 70, 1 have 
shown that, during the past year of 1847, I bad four rain gauges fixed, 
one at the bottom of Todd’s Brook Valley# situated in Cheshire, near 
\Vh&ley,620 feet above the level of the *ea<; another at Brinks, the top of 
the hill bordering this valley, 1,500 feet above the level of the sea, and 
that 38 39 inches in depth was received at the bottom of the hill, and only 
29*5 inches at the lop of the hill. A third gauge was fixed at tfie bottom 
of the Comb’s Brook Valley, situated ip Derbyshire, near Chapehende- 
Fritb, 720 feet above the level of the see* and that 51*30 inches in depth 
was caught at the bottom of the hill, and only 35*85 inches, at the top of 
the hill. 

Since the report just referred to was published, I have bean favoured 
by Thomas Hawksley, Esq., C. E., with the results of some impertant un- 
published experiments made by him for the Corporation of Liverpool, oa 
the amount of the fall of rain at Rivington, and in the Valiey of Boddles- 
worth, near Preston, in Lancashire. Six rain, gauges, placed near the 
ground, were fixed in these localities at the beginning of January, 1847, 
three gt Rivington, and three in the Valley of Roddlesworth. 

The quantities failing per month are shewn in the fbUewing table, and 
also the monthly fall for January, February, mad March, 1848, all of which 
results prove the same general fact, that more rain falls at the bottom than 
the to of the hills in the same localities. 


l^mJS.r-ySkmving the quantities qf ram fsUsn per month in three ram 
gauges fixed pear the ground , t» the district qf Rivington and in tke 
. fioddfesworth Valley , Lancashire, during the year 1847 and three months 
qf 1848, yith their respective heights above the level of the sea . 



> • 



Rivington District, 






I*" 

•sis 

1 ir 

m 

frB 

' 12 

*3 


ts 

* 

tX 

i 

i 

i- 

, i 

< 

i 

1 

i 

| 

•i ■■ 

311 

8* 

' 2 

* 

a 

s 

§ 

*-» 

*3 

o 

«< 

-fri 

00 

s 

2 

1 

H , 

1847. 













No. ft. 

las. 

Ins. 

Ins. 

ins. 

ins. 

las. 

ins. 

Ins. 

fee; 

Ins. 

foe. 

ins. 

1.— 410 

5-60 

1’47 

2*69 

6*22 

4*22 

1*30 

2*91 

6*28 

5*69 

5*07 

7 38 

48*83 

2.-710 

5-36 

1*22 

2*75 

6*09 

4*20 

1*26 

2*92 

5*63 

6*37 

4*85 

6*83 


3.— 750 

5*51 

1*25 

2*C9 

604 

379 

Ml 

2*78 

5*59 

5*27 

4*75 

7*18 
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Roddlesworth Valley* 






A— 160 

642 

m 

2*31 

669 

4*52 

1*05 

3*72 

5*86 

6*25 

553 

7*54 

B52P 

5.^700. 

6*79 

135 

2*72 

6*39 

493 

1*20 

3*95 

7*10 

7-S9 

6*65 

9*12 

571*. 

6—900 

646 

1*28 

2*80 

6*59 

443 

1*50 

8*21 

6*60 

6*38 

6*99 

7*28 

52*53 

1648. 

4.^550 

2 70 8*61 

3*64 
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The gauge at the lowest elevation in the Rivington district (410 feet) 
received 48 83 inches of rain during the year 1847 ; the gauge at 710 feet 
elevation 46*48 inches daring the same time; and the gange at 750 feet, (ha 
highest elevation, only 45*96 inches. 

The gauge at the lowest elevation in the Roddlesworth locality (550 feet) 
received 50*22 inches of rain during the year 1847 ; the gange at 700 feet 
elevation 57*10 inches during the same time ; and the gauge at 900 feet, thfe 
highest elevation, 52*53 inches. Here it will be observed, that the gauge at 
900 feet elevation received, as before, a considerable less amount of xasm 
than, the gauge at the lower elevation of 700 feet, but that the gauge at th*. 
lowest elevation of 550 feet forms an exoeption, as this gauge received abom 
2£ inches less in depth during the same time than the gauge at 900 feel etefc 
vation, and nearly 7 inches less than the gauge at 700 feet elevation* .• 

A personal knowledge of this locality, or a glance at the map, may serve 
to explain this departure from the general rule observed, for this gauge in 
placed at the bottom of a steep valley, bordered to the west by very pre- 
cipitous and high land, and it is in this manner sheltered, to a considerable 
extent, from the prevailing rainy winds. 

Two rain gauges which I have caused to be fixed, one in the neighbour- 
hood of the Bosley Reservoir, situated near Congleton, Cheshire, 590 feet 
above the level of the sea, and the other at Bosley Minns, 1,265 feet above 
the level of the sea, in the same locality, show that, during the first four 
months, January, February, March and April of the present year, 11*75 
inches fell on the bottom of the hill, and only 11*65 inches on the top of 
the hill. 

The amount of rain received in the rain gauge placed near the bottom of 
a hill at Todd’s Brook, (before referred to,) during this period, was 13-0& 
inches in depth, and at Brinks, the top of the same hill, only 11*51 inches. 

The amount received in this time at Comb’s gauge at the bottom of the 
bill, was 19*70 inches, and in the gauge at the top of the hill only 10*45 
inches, as shown in the monthly report of the observations made with all 
these gauges which are given in the following table : — 


Table showing the quantities qf rain fallen per month in certain funnel rain 
gauges , 9 inches diameter , and placed 2 feet 6 inches above the surface qf 
the ground at Todd's Brook , near Whaley , Cheshire ; at Comb's Brook, 
near Chapel ea- le- Frith , Derbyshire; and Bosley .near Congleton, Cheshire, 
with their respective heights above the level qf the eea. 


Comb's Ridge, top of hill, 1,670 fast. 
Comb's Reservoir, bottom of hill, 720 feet* 
Boslev Minos, top of hill, 1,265 feet, 
Bosley Reservoir, bottom of hill, 590 feet, 


Jan. 

Feb. 

Mtrcfc. 

April. 

Total*. 

Ins. 

Ins. 

Ins. 

Ins. 

las. 

1*75 

6*49 

222 

2*06 

11*51 

1*76 

5*60 

3*21 

2*46 

1303 

156 

486 

2*39 

1*64 

10*48 

260 

9*29 

4*60 

8-30 

19 76 

1*90 

4*75 

2*75 

2*25 

11*65 

2*38 

4*21 

829 

1*87 

11*75 


A knowledge of the facts before mentioned induced me to examine Mr* 
Miller’s experiments soon after receiving them, with a view to ascertain how 
far they confirmed or were in opposition to the recorded observations and 
facts stated by the many eminent meteorological authorities before quoted, 
for which purpose 1 procured the best map of the lake district 1 could ob- 
tain, and marked upon it the situation of Mr. Miller’s rain gauges, and then 
compared together the results obtained by the rain gauges placed in the 
valleys or the bottom of the hills with the rain gauges placed upon the tops 
of the same hills or bordering the same valleys . By proceeding with refe- 
rence to locality ia this manner, it soon became apparent that the valuable 
and Interesting facts collected and recorded by Mr. Miller, with very few 
exceptions, which it appears to me may be easily accounted for, agreed with ' 
the observations of other meteorological writers. Indeed, this could not 
to be the cate, unless the generally received and admitted theory of tbb ] 
formation and distribution of rain, as laid down by Dr. Dalton, was aka * 
disproved . a 


* The gauge st Comb's Reeervotr Is a cylindrical gauge, 7 Inches diameter, uod 18 
Inches above the level of the ground, and has a float and staff to ladlcate the amount of 
rain falling : this gauge probably shows an excess of the amount of rain. 
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* Upon Examining Mr. Miller** facts, it will be found, from Apri! to Dccem- 
b*r, 1846, both inclusive, that at Whitehaven, 90 feet above the level bf the 
sea, 88*063 Inches fell ; while at Round Close, 480 feet above "the seat, iftnd 
not far distant, only 36*195 inches fell in the same time; and during 1847, 
that 42*92 inches are recorded to have fallen at Whitehaven, and only 
42*023 at Round Close, 

On examining with reference to locality in a similar manner the rain 
gauges placed in the Valley of Borrowdale, or Derwent Water, in which vale 
the quantity of water received by four rain gauges at different altitudes are 
recorded by Mr. Miller, namely, one at Seathwaite, 242 feet above the sea *, 
one at Sty Head, 1,290 feet high; one at Seatoller, 1,334 feet high; and 
one at Sparkling Tarn, 1,906, feet high ; it will be found, as shown in the 
following table, which 1 have drawn up from a careful analysis of Mr. 
Miller's experiments as communicated to me by himself, taking the longest 
period during which he has registered experiments at each of the localities, 
that from June 1846, to November 1847 inclusive, 193*69 inches fell at a 
level of 242 feet above the sea ; at the greater elevation of 1,290 feet a less 
quantity, or 164*12 inches, feH.; at the greater elevation still of 1,334 feet, 
a yet smaller quantity, or 155*75 inches. The last example, however, at ah 
elevation of 1,906 feet, shows that 183*47 inches fell in the same time, 
being, in this instance, less by 10 inches than the quantity which fell at the 
elevation of 242 feet, but much more than the quantities which fell at the 
elevations of 1,290 and 1,334 feet. This last fact I think may be accounted 
for by reference to the peculiar position of Sparkling Tarn (the monntain on 
which this last gauge is fixed). This monntain is only 1,906 feet high, but 
is in the immediate vicinity, that i?, within a mile and a quarter to a mile 
and a half of the mountains Scawfell Pike and Dowfell to the south, and 
within a mile and a quarter of Great Gavel to the north. These mountains 
vary from 2,900 to 3,166 feet in height, the lowest of them being upwards 
of 1,000 feet higher than Sparkling Tam, while Sparkling Tarn is fully ex- 
posed to the westerly winds ; and the clouds being carried inland by this 
wind, between the gorge formed by these high mountains, it may be easily 
conceived that a large portion of rain in the transit of the clonds would be 
deposited on the top of Sparkling Tarn ; so that the large amount of rain 
fatting at this altitude in this locality would appear to be the exception and 
not the rule. 


Table. — Borrowdale , or Derwent Water. 


Months. 

Seathwaite, 

Sty Head 

Seatoller, 

Sparkling Tarn, 

242 feet. 

1,290 feet. 

1,334 feet. 

K90G feet. 

1846, 

Ins. 

Ins. 

Ins. 

Ins. 

June, .. 

July. 

6-42 

626 

5*70 

6*55 

20-80 

17*76 

18*35 

22*72 

August. 
September, , . 

10*68 

4*60 

11*0,1 

4*22 

8*16 

3*75 

12*03 

6*06 

October, 
November, ..' 

26*43 

16*36 

17*42 

20*35 

December, .. 





1847. 





January, .. 

February, .. 

- 41*06 

82*52 

27*51 

31*82 

March, 





April, 

May, 

8*08 

7*56 

7*13 

7*59 

June, 

7* 27 

7*12 

6*71 

8*13 

July. .. 

8*82 

3*66 

2*50 

4*15 

August, .. 

10*48 

10*22 

10*38 

1200 

September, .. 

18*28 

10*02 

12*06 

12*43 

October, 

20*52 

17*60 

19*02 

18*0 

November, .. 

21*85 

20*00 

18 07 

22*64 

December, .. 
Touts, .. 

103*69 

164*12 

155*75 

183*47 


lathe valley of Wait Water, the amount of rain falling at Wastdale, 166 
feet above the level of the sea, from March 1846, to November 1847, both 
inclusive, is shown to be 170*55 inches ; and at Scawfell Pike, which borders 
this valley to the east, 3,166 feet high, only 128*15 inches fell in the same 
time. In the valley of Eunerdale, at Gillerthwaite, 286 feet above the sea, 
133*86 inches fell ; while at Great Gavel, 2,925 feet high, during the same 
time, only 124*68 inches felL 

All the valuable facts here alluded to, supplied by Mr. Miller with one 
exception only, prove that the greatest amonnt of rain falls in the same 
localities at or near the base of a hill, and not at so great an altitude as 
2,000 feet above the sea ; and the one exception, namely, that at Sparkling 
Tarn, 1,906 feet high, shows that from June 1846, to November 1847 (both 
inclusive), 183*47 inches fgll; while at Seathwaite, the bottom of the valley, 
bounded by Sparkling Taro, during the same time, at much as 193*69 inches 
fell, or 10 inches more at the lower than at the higher locality, thus con- 
firming the conclusion arrived at by my observations, which also fully accord 
with the meteorological authorities 1 have quoted. 

As the amouut or depth of raiu falling in a given time in Great Britain, 
in different localities and under different circumstances, is a matter of very 
great practical importance to civil engineers generally, and especially to 
those eogaged in designing works to supply large towaa with water, to 
regulate the flow of rivers, or to drain large tracts of land, independent of 
their importance in a philosophical point of view, I have been unwilling to 
allow the valuable facts collected by Mr. Miller, with such perseveraoce and 
industry, to pass without a few comments, which, as it appears to me, may 
tend to make them more generally useful, by explaining their supposed 
discrepancy with the generally received views, of such accurate observers at 


m 

Dr. Dalton, Professor Daniel], Captain Lefroy, and the other authorities 
quoted in this paper, confirmed as the observations and recorded experi- 
ments of these last-named gentlemen are shown to be by the more recent 
experiments herein detailed. 


NOTES OF THE MONTH. 

New Steam or Hydraulic Wheel.— k\ a meeting of the Royal Cornwall 
Polytechnic Society, an invention by Mr. James Shut, of Redruth, was ex- 
plained, the object of which was to carry out simplicity and portability to a 
greater extent than had hitherto been effected in such engines. It was 
intended to be worked either by steam or water-power. As a sfeam-wheet 
or rotary engine, he conceived it surpassed all former attempts it (tafia 
principle, as the motive power is in the pietori and cylhider of the ordinary 
construction of Boulton and Watt's engines, aid the expansive pritnfipW sf 
cutting Off the Steam is carried to a greater extent than 'in those engines*** 
the motion of the piston being independent of the motion of the wheel, and 
almost instantaneous. In all the rotary or ateam-wheels hit&CrtO before the 
public, he wto not aware that any of the inventors had availed t hem e situ 
of thwfctfefif of Working with the ordinary cylhider and piston ; they ‘bate, 
therefore, failed to carry oat the expansive principle, and also to prevent 
the"Woko^e of In some, 1 patting has be4h attempted, but ‘here the 

fifetiod’ iO so great; and the wear SO "rapid, ''that dot one on -this' 'pita haft 
succeeded well. In thlh etigWie, Wf » the tevdllittou Of the wheel, when the 
cylinder comes to perpendibofar phsifion/tke steam is admitted under- ’ 
nearti the phtmvxt* thh 1 vatue' time* it 4 escapes from the top side, thereby 
shifting the weight to the top of the wheel, and causing it to revolve by iti 
preponderance; the pcricer of Mid engine being the amount of weight moved 
a certain nUmbef of fed! In a giVewthne. Regularity of motion being essen- 
tial, it might be abebmpltshed by h good governor. The blow against the 
buffers Is in proportion to the extra quantity of steam admitted, and it on 
the same principle as the ordinary tecipfoeating or pumping engine. As an 
hydraulic engine, it is Well adapted for situations where a good height of 
water can be obtained, but not sufficient for the ordinary water-wheels. 
The water might be conveyed in pipes, when a very small stream could bo 
made available to an extent in proportion to its height and quantify. It 
wonld be admitted into the cylinder in the same way as steam, thereby shifting 
the weights, and making a very effective and economical water-wheel, as 
every pound of water would be used. The velocity of the wheel would be 
much superior to the ordinary water-wheel, being in proportion to the height 
and consequent pressure, and the quantity of water to be obtained. So also 
its velocity as a steam-wheel would depend on the pressure of steam, ad- 
mitting the shifting of weights, however quick the passing of the aperture 
for the admission of the steam. The engine was at present in its infancy, 
and although it worked well, there was, no doubt, room for further im- 
provement. The principle being good, as regards the application of steam 
And water-power, and its economy and portability being conspicuous. It 
should not be lost sight of ; he should, therefore, proceed with his experi- 
ments, and hoped at the next meeting to report more fully of its advantages. 
Its application maybe general, and he* thought more advantageous than 
almost any other engine, as in the absence of the crank, each end of the 
shaft is at liberty for any attachment. The small amount of friction, 
consequent on its simplicity, Is seen at once, asjs also the small amount 
of liability to derangement. 

The Conway Tabular Bridge . — The second great tube of the bridge over 
the Conway Straits was floated on (he pontoons to the piers, on the 12th 
olt. The operation, combined with the stupendous machinery employed 
in the process, attracted large crowds from Conway and other parts of the 
principality. Everything favoured the lifting of the leviathan structure. 
At precisely 9 o'clock, or 50 minutes before high water, Captain Claxton, 
R.N., gave the signal to pipe all hands, and almost immediately the tremen- 
dous freight was seen creeping stealthily to its destination. Next him was 
Mr. R. Stephenson, M.P., the • celebrated engineer, and designer of this 
new featore in engineering art ; Mr. E. Clarke, C. E., his head assistant; 
Mr. A. M. Ross, C. E. ; Mr. W. EVtnS, the contractor ; Mr. F. Forster, C.E. ; 
and Mr. Amos, of the firm of Etaton and Amos, who constructed the filing 
machinery ; and near it Sir C. Smith, Bart. ; Bishop of Bangor, Rev. Mr. 
Morgan, Mr. J. O. ‘Burger, and a number of the gentry. The tube Was 
lifted the height of 2 feet in about 60 minutes, and with its weight of 1,300 , 
tonswas got safety home at a few minutes past 10, amidst enthusiastic 
bursts from the bystanders, add a salvo of artillery from the castle walls. 
The entire operation was effected without the slightest accident. 

Opening of the Shrewsbury end Chester Railway . — This line of railway, 
which la 41 miles in extent, was opened throughout on Thursday, 12th ult. 
The present line is an amalgamation of the North Wales Mineral, and the 
Shrewsbury, Oswestry, and Chester Junction Railways ; 15 miles of the line— 
namely, from Chester to Ruabon, have been opened for nearly two years, 
and the receipts during that time have been about £40 per mile per week. 
The cost of the entire line has been about £17,000 per mile, and the work- * 
tag stock will be about £4,000 per mile more. The traffic on the line is 
chiefly mineral, la honatnr of the opening, the occasion was observed as a 
general holiday along the lino, and several trains ran both ways, conv ey i ng 
the inhabitants gratis. 
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/ce.— The intrinsic value of Ice, like that of metals, depends on the » 
investigation of an assay er. That is to say, a cubic foot of Lower 
Canada ice, is infinitely more cold than a cubic foot of Upper Canada 
ice, which contains more cold than a cubic foot of Wenham ice, 
which contains infinitely more cold than a cubic foot of English ice ; and 
thus, although each of those four cubic feet of ice has precisely the same 
shape, they each, as summer approaches, diminish in value — that is to say, 
they each gradually lose a portion of their cold, until, long before the 
Lower Canada ice has melted, the English ice has been converted into 
lukewarm water. — Clumbers' Edinburgh Journal . 

An Experimental Vessel . — There is now loading in the North Docks, 
Sunderland, an experimental vessel, named the Mary Caroline , built by 
Mr. Siddon, of Rochester, who is also the owner. She has no keel, but is 
flat bottomed, and built in the barge style. Neither is she caulked — the 
seams are lined with felt. She is 224 tons register, and carries 4,000 yards 
of canvas when in full sail ; and when full laden with 20 keels of coals, 
she draws only 9£ feet of water. She is intended for the French trade. 
On the run down, with a N.N.W. wind, she outstripped 40 colliers. — 
Durham Advertiser . 

Railway in Spain. — An experimental trip was made on the 8th of 
October, on the railway from Barcelona to Mataro, by the directors and 
tt}eir friends. The journey from Barcelona to Mataro was made in an 
liour, exclusive of stoppages, and the journey back in 50 minutes — the 
distance is five leagues. The Barcelones are very proud of Catalonia beiog 
the first in Spain to possess a railway. The line was to be opened to the 
public on the 15th. 

The Railway Interest.— As there appears to be a good deal of misap- 
prehension and misstatement afloat with reference to the object of the 
meetings of the three great railway companies, and their consequent nego* 
ciations, we have endeavoured to ascertain the real facts, and we have 
reason to believe that they are as follows: — The distinct object of the con- 
ference is not to increase fares or arrange trains, but it is for effecting a 
complete union of capital of the three great companies — the North- 
Western, the South-Western, and the Great Western, and the conversion 
of Ibe three into one great company, under one controlling body, leaving 
the working details with the respective boards. The delegates consist of 
five directors from each company, headed by their respective chairmen. 
They have generally met twice a week at Mr. Glyn’s bouse, adjoining the 
batik. We understand that some general principles of union have been 
affirmed, and the details left to the consideration of the solicitors of the 
respective companies, who will have to consider of the proper notices to 
Parliament ; for, of course, nothing can be done without the consent of 
the proprietors of all the companies and legislative sanction. We 
have heard that some obstacles have arisen from the discussion introduced 
•by that vexed question — the broad gauge and narrow gauge interests — 
bat more particularly from the difficnlty of ascertaining the relative values 
of the great interests which it is proposed should be uuited. We have, 
however, good reason to hope that these difficulties will be surmounted. — 
Morning Chronicle . 

Galvanised Wire and Hemp Ropes . — An experiment was lately tried in 
Woolwich Dockyard, to ascertain the comparative strength of wire and 
hemp ropes. A wire rope, 3 inches round, and a hemp rope of three 
, atrands. hawser laid, common make, 7 inches round, were spliced together, 
and placed in the testing machine, and on the hydraulic power being ap- 
plied, the hemp rope broke in the middle on the strain reaching Ilf tons, 
the wire rope remaining apparently as strong as wheo the experiment com- 
menced. A wire rope, 3} inches round, was then spliced with an 8-inch 
hemp shroud rope, and on the power beiog applied the hemp rope broke 
in the middle, with a strain of 10} tons, the wire rope continuing appa- 
rently uninjured. 

Steam Rower qf France . — According to a late statistical report, made 
to the government, the number of locomotive engioes constructed in 
France, and employed by the country in 1842, equalled the number im- 
ported from abroad ; in 1843, there were two more French than foreign 
'engines; in 1844, the surplus was 44; in 1845, 76; in 1846, beyood 
which year the report did not go, this excess was 161. In 1846, there 
were 294 steamboats, belonging to private individuals and companies, 
navigating tbe rivers and seas. The numbers and force of the engines in 
use on land, and acting as locomotives in tbe steamers, were, in 1846, as 
follows — viz. : 4,395 engioes at work on land, equalling 163,402-horse 
power ; 461 locomotives, of 60-horse power each, upon the average 

amounting to 27,600-horse-power ; 338 engines used in steam-ships and 
' boats, amounting to 108, 513-horse power. These, together, give a force 
of 299,5 1 5-horse power. Comparing the strength of man to horse-power, 
it will be found that the steam-engines employed in France in 1846 were 
substitutes for 2,097,625 men. 

Vegetable Wax. — M. Julei Rosaignon submitted to the Academy of 
' Sciences a specimen of vegetable wax, extracted from tbe berries of a com- 
' mon laurel grown on the mountains of Vera-Paz, in the Republic of Guati- 
mala. The analysis of this wax gave, Carbon, 76*29 ; Hydrogen, 15*08; 
Ox v gen, 8*63. It is of a green colour, and exhales a slightly aromatic 
odour when robbed or melted. The candles which hAve been ndade with 
* this wax give a beautifully clear light, and diffuse a pleasant aromatic odour. 
The laurel whose berries furnish this wax, has the character and leafage of 
Laurun nobilis ; it forms numerous thick forests in the mountains of Vera- 
Paz, that is, throughout tbe whole of that part of the Guatimalian territory 
which commences at Rio Polocfcis, and spreads to the limits of Tuctan* 


INotomb, 

Geological Discovery . — A correspondent of the Ftfe Herald s totes that 
“ a section of limestone rook has been lately laid open by the catting af 
the Edinburgh and Northern Railway, at the Newburgh station, which 
belongs to the cornstooe of tbe old red sandstone formation. The face 
exposed is about 100 feet in length, by upwards of 20 feet in thickness, 
and very distinctly stratified. The beds are broken near tbe centre, which 
causes their edges to slip down and dipin opposite directions, inclining 
on one side at an angle of 28° towards the north-east, and on the other 
approaching to nearly a vertical position towards (he north-west. What 
adds to the geological importance of tbe discover}', is the fact that the grey 
sandstone, or Carmylie fossilliferons pavement stone, is found hi tbe 
immediate vicinity of the calcareous deposit. The representative of the 
Cornslone in England, it is well known, is extremely rich in fossils, par- 
ticularly of the genus cephalaspis , while not a fragment has as yet been 
detected in any of its numerous localities in Scotland. The colour of the 
limestone is that of a dark flinty grey, with innumerable white thread- 
like veins of carbonate of lime, both vertical and longitudinal, and which 
cause the rock to split op into thin baods of larger and smaller rbomboidal 
masses. Tbe deposit is subcrystalline, of an extremely hard and cfaerty 
texture ; it is not nodular or compound, as in so many other places, bat of 
a close, uniform, homogeneous structure/’ 


LIST OF MEW PATENTS. 

GRANTED IN ENGLAND FROM SEPTEMBER 28, TO OCTOBER 26, 1848. 
Six Months allowed for Enrolment , unless otherwise expreseed* 


Robert Stirling Newall, Gateshead, l>urhani t for “ Improvements in locks and springs, 
and in the means of fastening and setting up the rigging of ships.*'— Sealed Sept. 2d. 

Andrew Paton H alii day, Manchester, manufacturing chemist, for "certain Improve- 
ments In the manufacture of pyroligneous acid.’’— Sept. 28. 

Fennell Altman, of Charles-street, Saint James's- square, Westminster, for "certain 
Improvements in apparatus for the production of light from electricity."— Sept. 28 

William Wilkinson Nirbolson, of Acton-atreet, Gray's Inn«road, dvfl engineer, for 
“ Improvements in machinery for compressing wood, and other materials requiring sack 
a process.’’— Sept. 28. 

Joseph Gillot and John Morrison, Birmingham, for "Improvements in ornamenting 
cylindrical and other surfaces of wood and other material."— Sept. 28. 

Thomas Metcalf, High-street, Camden Town, Middlesex, gentleman, for '* Improve, 
ments in the construction of chairs, sofas, and other articles of furniture for sitting and 
reciinhig on.”— October b. 

Edward John Massey, Liverpool, for "Improvements in apparatus for measuring the 
speed of vessels and streams, and for ascertaining the depths of water.’’— October 5. 

Joseph Sharp Bailey, Bradford, York, spinner, for " certain Improvements In prepar- 
ing, combing, and drawing wool, alpaca, mohair, and other fibrous materials.’’— Ocl. b. 

John Wright, Camberwell, Sarrey, engineer, tor "Improvements In generating steam 
and evaporating fluids.’’ — Oct. 12. 

Charles de Bergue, of Arthur-street, West, London, engineer, for " Imp r ovements in 
bridges, girders, and beams."— Oct. 12. 

Arthur Dunn, of D.ilston, chemist, for " Improvements in ascertaining and Indicating 
the temperature and pressure of uids." — Oct. 12. 

John Davie Morrles Stirling, of Black Grange, N.B., Esq., for "Improvements In the 
manufacture of iron and metallic compounds.'’ — Oct. 12. 

Elias Robinson Handrock, of 16, Regent- street, London, and Rath moyle- House, 
Queen’s County, Ireland, Esq., for " certain Improvements in mechanism applicable to 
impelling and facilitating the propulsion of vessels in the water, which improvements are 
applicable to locomotive engines for railways, and other similar purposes." — Oct. 12. 

Johu Ashby, of Cavshalton, Surrey, miller, for “ certain Improvements In machinery 
applicable to cleaning grain and dressing meal."— Oct. 12. 

Daniel Watney, of Wandsworth, Surrey, distiller, and James John Wentworth, of tbe 
same place, for " Improvements in machinery for drilling metals and -other substances. " 
Oct. 12. 

Samuel Cunliffe Lister, of Mannlngham, York, gentleman, for " Improvements In pre- 
paring, hackling, and combing wool. And other fibrous substances Oct. ifc 

Frank Clarke Hills, of Deptford, Kent, manufacturing chemist, for " Improvements in 
treating certain salts and gasses, or vapours." — Oct. 13. 

Robert Angus Smith, of Manchester, for “ Improvements in the application and pre- 
paration of coal tar."— Oct. 19. 

Robert William Sievler, of Upper Holloway, Middlesex, gentleman, for "Impress* 
ments in the means of warping and weaving plain and figured fabrics." — Oct. 19. 

Joseph Eugene Assert, of Lille, in the republic of France, machinist, for " I m p vora d 
meaus of obtaining motive power."— Oct. 19. 

William Brown, of Cambridge Heath, Middlesex, weaver, for " Improvements in 
manufacturing elastic stockings and other elastic bandages and fobrics Oct. 26. 

Soren Hjorth, of Jewry-atreet, Aldgate, for "certain Improvements In the use of 
electro magnetism, and Its application as a motive power, and also other I mpr ove m ents 
in Its application generally, to engines, ships, and railways."— Oct. 26. 

James Clark, of Glastonbury, Somerset, manufacturer, for " Improvement* to toe 
manufacture of boots, shoes, and clogs."— Oct. 26. 

William Longmald, of Beaumont square, Middlesex, gentleman, for " Improvements 
In treating the oxydes of iron, and In obtaining products therefrom."— Oct. 26. 

William Chtirch, civil engineer, and Thomaa Lewis, woollen-draper, both of Birming- 
ham, for " a certain Improvement or certain Improvements in machinery, to be employed 
in making playing and other cards, and also other articles made wholly, or in part, of 
paper or pasteboard, part or parts of Which said machinery may be appltal to other pur- 
poses where pressure Is required." — Oct. 26. 

Peter Falrbairn, of Leeds, York, machine maker, for " Improvements In thadhh i ary , 
for hackling, carding, drawing, roving, and *p tuning flax, hemp, tow, silk, «ad etkr 
fibrous substances.**— Oct. 26. 

James Burrows, of Haigh, near Wigan, Lancashire, engineer and drnnf htsman, nod 
George Holcroft, of Manchester, consulting engineer, for “ certain Improvements, In and 
applicable to steam engines in the machinery or apparatus belonging thereto. In Ore con- 
struction and arrangements of boilers, for the generation of steam, and In toe 
and flues used in connection therewith ; parts of which improvements art also appUcatola 
to other similar purposes*"— Oct. 26. 
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THE CENTRAL RAILWAY STATION, NEWCASTLE- 
UPON-TYNE. 

John Dobson, Esq., Architect. 

( With f an Engraving, Plate XIII . ) 

Railway buildings ought to do much for architecture: being 
quite a new class of structures, erected for purposes unknown 
until the present age, or, we may say, the present generation, 
they suggest, or ought to suggest, a character of their own, and 
fresh combinations in design ; and being generally upon an extensive 
scale, they afford opportunities that have hitherto been of rare 
occurrence. They are, moreover, especially public works — struc- 
tures constantly seen by thousands and tens of thousands of per- 
sons ; and might, therefore, do much towards improving the taste 
of the public. That they have done so, or have been Calculated 
to do so, cannot, we fear, be asserted of them generally. In moie 
than one instance, expression has been falsified Qr forfeited by the 
adoption of some style intended to be reminiscent of medieevalism — 
of times whose spirit and whose institutions contrast very strongly 
with the present railway age, in which it is either our good luck 
or our misfortune to live. All the various modes of Gothic are 
very ill adapted to buildings totally different in purpose, and, 
therefore requiring to be differently constituted from those in 
which such modes are exemplified. Either violence— or what is 
likely to be thought such — must be done to the style itself, by de- 
viating greatly from its traditional physiognomy, or mediaeval phy- 
siognomy will be in contradiction to modern purpose. The cha- 
racter aimed at may be well kept up ; but in proportion that it i9 
so, it will be foreign from the express occasion — for what class of 
mediaeval structures are there that have aught in common with 
railway stations and termini ? Is it the castellated with its 
feudal fortresses ? — or the ecclesiastical with its churches and con- 
ventual buildings, its priories and abbeys?— or the palatial, or 
the collegiate, or the domestic ? Is there any one of those styles 
or classes which supplies what is required for railway structures as 
a specific class, that ought to carry with them a distinct and appro- 
priate character of their own ? The Gothic style does not readily 
provide open external halls or ambulatories, which, if not indi- 
spensably demanded, are highly desirable adjuncts to every prin- 
cipal railway station where there is a great confluence of passen- 
gers. It is only in the form of the cloister that Gothic examples 
supply any accommodation of that kind ; and, besides that the 
cloister or arcade was hardly ever made an external feature, it is 
one that carries with it associations that, unless it were to be 
greatly modified, rather unfit than at all recommend it. 

The accompanying engraving (Plate XIII.) is a plan of the 
magnificent Station that has lately been constructed at Newcastle- 
upon-Tyne (under the direction of Mr. John Dobson, architect of 
Newcastle), for the York, Newcastle, and Berwick Railway Com- 
pany. 

It will be in the recollection of our readers, that at Newcastle 
the great eastern trunk line of railway from London to Edin- 
burgh is intersected by a main line of railway extending across 
the island, from sea to sea ; that is to say, from Maryport, on the 
Irish Channel, to Tynemouth, on the German Ocean. The traffic 
of this cross line has lately been added to that of the original line 
from York to Berwick, by the leasing of the Newcastle and Car- 
lisle, and Carlisle and Maryport Railways, to the York, Newcastle, 
and Berwick Company ; and the local traffic of the great northern 
mining district gives employment to branches from Newcastle to 
North Shields and Tynemouth, to South Shields and to Sunder- 
land. Thus, with the despatch of the through trains, at least 
140 arrivals and departures of passenger trains will take place 
daily at the central station ; and it is to provide for this immense 
accumulation of traffic that the present ouilding is required. It 
will readily be imagined, therefore, that the sheds and erections 
must necessarily be upon a scale of no ordinary magnitude. In 
the infancy of the railway system, no one could have ventured to 
predict the extent to which the inland traffic has increased ; and 
we have, therefore, seen the great expense which has been incurred 
by the London and North Western and other railway companies 
to obtain additional room for their principal stations, and the great 
sacrifice of valuable property which has in consequence taken 
place. The York, Newcastle, and Berwick Railway Company, 
however, having had the benefit of the experience of later years, 
have taken great pains to select a site where the necessary extent 
of ground can be obtained, with the most ready access to the centre 
of the tqwn $ and they have been fortunate enough to find a spot 
Vthich, *4 a very reasonable cost, and with the destruction of very 

#0. 135 f — Vo|i. XL— Dbckmbbb, 1848. 


few buildings, combines both these advantages. The manner in 
which the junction of the northern and southern with the eastern 
and western lines has been effected, — and the great works required 
to complete the union of the whole, by means of the high level 
bridge over the Tyne viaduct, through Newcastle and Gateshead, 
from the designs of Mr. Robert Stephenson, and under the able 
management of Mr. Thomas Harrison, — form too extensive a sub- 
ject to be treated of here, and will probably be the object of a 
separate notice. 

The identity of the central points of the great railway system 
of this period with the central points of the military occupation of 
the country by the Normans, has been, in many instances, strik- 
ingly exemplified ; and in none more so than at York, Newcastle, 
and Berwick, in each of which towns the railway station closely 
adjoins the Castle. The station at Newcastle extends from West- 
moreland-place, the ancient town-house of the illustrious family of 
the Nevilles, Earls of Westmoreland, situate in Westgate-street ; 
takes in the site of the convent and garden of the Carmelites or 
White Friars, known as the Spital, for many years occupied as the 
Royal Free Grammar School, the alma mater of Lord btowell, Lord 
Eldon, and Lord Colli ngwood ; crosses the town-wall and ditch 
at West Spital Tower, and terminates at the Forth, an Open piece 
of ground formerly in the outskirts of the town, and which was 
bequeathed by some worthy of former days to the burgesses of 
Newcastle, u to walk abroad And recreate themselves," a circum- 
stance which has hitherto prevented its being built upon. 

The fafade or principal front, exclusive of the hotel, is 600 feet 
in length. The style of the building is Roman, and the most 
striking feature in the design is the portico in the centre, 200 
feet in length by 70 feet in width, flanked on each side by an arcade 
the same length, by 35 feet in width, allowing sufficient room for 
carriages to drive in at the end of each arcade, to turn, and go out 
at each end of the projecting part of the portico. The conve- 
nience of this plan in such a climate as ours, allowing passengers 
and luggage to be loaded and unloaded under cover, will at once be 
apparent : and the grandeur of the effect produced by an arcade 
and portico of this length will readily be comprehended, even by 
the general reader, although no drawing will convey an adequate 
idea of that effect. 

The exterior front of the portico is composed of seven arches, 
each 14 feet in width by 32 feet in height, divided by coupled in- 
sulated Doric columns, 29 feet in height, elevated on a basement 
of 7^ feet, and supporting a broken entablature and attic of the 
same style. The arcades on each side are formed of arches, of the 
same width as the portico, divided by coupled inserted columns. 
These columns, with the key-stones of the arches, support a con- 
tinued unbroken entablature, without an attic. The ends of the 
arcades terminate in front in a niche, having coupled insulated co- 
lumns on each side, supporting an entablature and low attic. The 
entrance to the end of each arcade is by an arch 25 feet in width , 
and the arcadeB will be covered with groined ceilings of stone, 
with a circular light at each intersection. 

The front of the station-house facing the platform is concave, 
forming the segment of a circle of 800 feet radius. This form was 
rendered necessary by the junction of the various lines of railway 
at this point ; and the elevation is of rubble stone, from Prudbam 
Quarry, of a plain and bold Roman character, the doors and win- 
dows having arched heads, with moulded imposts and arcbivolts ; 
and the long-continued line of these circular arches^ with their 
deep reveals, produces a striking effect. 

The shed is 236 yards long, and 61 yards wide, covering an area 
of 14,426 yards, or about three acres. The roof is composed of 
iron, divided into three compartments, and supported by columns 
33 feet apart, and 23 feet high from the platform to the springing 
of the roof. The various offices, waiting-rooms, and refreshment- 
rooms front the platform, with the exception of the booking- 
office and parcels-offices, which extend the full width of the 
building. 

The entrance to the shed is, from the centre of the portico, 40 
feet wide, with a stone vaulted ceiling, supported by two rows of 
columns, which leads direct to the centre of the platform, about 
120 feet square. On the right hand is the booking-office, 70 feet 
long by 36 feet wide : adjoining which are the two parcels-offices, 
the telegraph-office, lamp- room, and other rooms and offices ex- 
tending westward, for the engineers, guards, porters, and other 
officers of the company. A house for the station-master concludes 
the front range of buildings to the west. 

On the left of the entrance is the station-master s office, first, 
second, and third class waiting-rooms, (containing separate apart- 
ments for ladies and gentlemen), washing-rooms, attendants' rooms, 
and other requisites. Adjoining this suite of rooms is the first- 
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class refreshment-room, 66 feet long by 33 feet wide. At one end 
is a distinct refreshment-room for ladies, and at the other end a 
corresponding room for the bar, each 1 5 feet by 23 feet, divided 
from the large refreshment-room by columns only, and forming 
with it one large apartment, 06 feet in length. Adjoining the bar 
is the second-class refreshment-room, which terminates on the 
east the range of building facing the platform. The kitchens 
form the eastern end of the front building, immediately behind 
the refreshment-rooms, and adjoining the hotel ; and are provided 
with larders, store-rooms, and servants* rooms, on the same floor, 
with sleeping apartments above. 

In addition to the above extensive range of building, it is pro- 
posed to erect an hotel, communicating with the station, forming a 
separate range 190 feet in length by 66 feet in depth; to contain 
70 bed-rooms, with a proportionate number of other apartments ; 
and in the basement story, tap-rooms and refreshment-rooms for 
servants and other persons. 

The construction of this building entirely of stone, would, in 
any other locality, be attended with enormous expense ; but the 
county of Northumberland affords such an abundant supply of the 
finest freestone, that this material becomes there not only by far 
the most durable, but really the least expensive. 

References to Plan , Plate XIII. 
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[We had Intended to hare glren a Perspective View of the building, bnt the Engrav- 
ing, which was entrust* ri to an engraver at Newcastle, has turned out so very defective, 
that we have been obliged to postpone giving It for another opportunity, that we may do 
justice to the talents of the architect.— Ed. C.E. & A. Journal. J 


CANDIDUS’S NOTE-BOOK, 
FASCICULUS LXXXVIII. 

** I must have liberty 
Withal, as Urge a charter a* the winds. 

To blow on whom I please.” 

I. The organ of De-, as well as that of Con-structiveness, appears 
to be possessed by Barry and some other architects. After being 
taken down and pulled to pieces by critics while living, Nash and 
Soane are now literally taken down and pulled to pieces by their 
successors, — by w literally,” however, is not to be understood “per- 
sonally.** The “Board of Trade** of the one, and the Georgian 
palace of the other, have equally disappeared, although the latter 
is merely blurred or blored out. But then, poor Nash has been dis- 
mantled of his Quadrant colonnades, which served as a mantle 
that cloaked a good many of his architectural sins ; besides which, 
his Brightonian Pavilion is now a wreck, — whether it is to grow 
interesting by growing into a ruin, remains to be seen. Nor does 
the work of destruction stop here, for we are now told by the 
newspapers that Dover-house is to be taken down, in order to 
make way for a hew Colonial-office, to be erected on its site by Mr. 
Barry ; so we must prepare to bid adieu to its charming screen 
facade — an architectural pm — not indeed of the first magnitude, 
but of the first “water, — picturesque, classic, and elegant, al- 
though ignored by those who lavish their stale and second-hand 
extasies on St. Martin's Church. Most unfortunate Holland ! 
thy Drury-lane Theatre expired, like Semele, inflames ; thy splen- 
did Carlton-house portico is demolished, and now thy exquisite 
little composition at Whitehall is doomed to destruction ! Were 


there no other site to be had in the neighbourhood, necessity might 
excuse the act of Vandalism ; but excuse for it there is none, while 
there is a “ hoarded-up** gap just by, between Downing and 
Fludyer streets, — which gap is apparently not only hoarded-up, but 
treasured-up, as something infinitely too precious to be parted 
with. Therefore the gap is likely to remain, and Dover-house to 
be sacrificed to it, — which is only an exemplification of the feeling 
and nous bestowed by us upon architecture. 

II. I am no bigotted admirer of Holland ; if I think that he 
showed himself a classic and an artist in the portico of Carlton- 
house, the fafade of the ci-devant York, now Dover-house, I 
freely admit that he showed himself to be no better than an arrant 
Pecksniff in what he did at the Pavilion at Brighton, before Nash 
took it in hand ; as is shown in the design preserved, most unfor- 
tunately for his credit in the “ New Vitruvius Britannicus.** We 
look on it with a fit of shuddering, and shudder at the “ princely** 
taste which could adopt anything so vulgar and plebeian, — and not 
only so vulgar, but so atrociously vile. But George was then “ the 
Prince ;** and had he taken a fancy to have columns turned upside- 
down, his taste would have been cried up by his flunky flatterers. 
That such a truly miserable design — if design it can be called — 
should have proceeded from the architect who, in the two other 
works here mentioned, gave evidence of more than ordinary gusto, 
is hardly credible, — at all events, quite unaccountable. It ought, 
however, to*teach us something, — namely, to judge of works of 
art (be they buildings, pictures, or anything else) by their intrin- 
sic merits, — according to what they are in themselves, and not ac- 
cording to extrinsic circumstances. The opinion that is influenced 
by the prestige of a name is cowardly and worthless. Even 
Homer sometimes nods, but we are not therefore to nod again 
when he does so, in affected approbation and delight. Even 
Raffaelle sometimes daubed — at least, what would else be called 
daubs, have been passed off under his name, and have, in conse- 
quence, been admired and extolled for excellences freely imputed 
to them by the imagination or else by the ears of spectators; whereas, 
daubs they would have been pronounced to be, had it been known that 
they proceeded from the atelier (i.e. garret) of some Jack Smith, who 
lives by manufacturing genuine specimens of the Old Masters. A 
hungry belly — that great artis magister , as we are assured by most 
classical authority it is, may be that same Jack's excuse for the de- 
ception. But what excuse is there for those who suffer themselves 
to be deceived, to be imposed upon and humbugged by names, and 
who affect transports which they do not feel ? Give me the honest 
critic, him who is not at all biassed by names, but who would as 
freely condemn either Jones or Wren where they have shown them- 
selves Pecksniffian in taste, as he would Pecksniff himself. w What 
a strange man you are, Mr. Candidus ! And so you really think 
that both Jones and Wren were sometimes Pecksniffian in their 
taste.** Even so: nothing would induce me to praise, or rather, not 
to condemn and turn away in disgust from some of their doings. 
Few will confess as much, because very few have the moral courage 
of Candidus, who is in that respect libertine in the extreme.— who 
is not only nullius addictus jarare in verba magistrL but would anim- 
advert just as freely on a Palladio, a Jones, or a Wren, as on some 
poor devil of a “Jack Smith !*' Let others affect milk-and-water 
modesty : I am content to be sincere in opinion, and fearless in 
the expression of it. 

III. A most curious accident, and one recorded with singular 
naivet y is that which happened to a certain architect in a book of 
designs published by him ; it being expressly stated in the letter- 

ress, that, in one of the elevations, the offices which ought to 

ave been shown, were “omitted by accident.** Very much nearer 
the mark would it have been to say, that the omission was occa- 
sioned by gross stupidity and unpardonable blundering. “ By 
accident,* forsooth ! Would “ accident*' be received as an excuse 
for a painter sending home your portrait without a nose to your 
face, he having through sheer forgetfulness omitted that interest- 
ing, or at any rate indispensable, feature ? Certain it is that, with 
regard to the unlucky elevation here alluded to, the omission was 
discovered before the plate was published, since otherwise, it 
would not have been apologised for ; which being the case, why was 
not the error itself corrected ? One, and indeed the only valid 
reason may have been, that the design looked all the better for 
the accident. If that was not the real reason, the only other 
imaginable one is, that the expense of altering the plate could 
not be afforded by the poor devil who published his designs. The 
reader will agree with this last hypothesis, when informed that the 
work here referred to was by Soane ! That poor man seems to 
have been not merely the sport, bnt the very victim of 
“accidents;** for, on the very next page of that book, we read, 
“ the arched recesses were semicircular in the drawing, but by m 
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mistake of the engraver, are made considerably more !” Nor is that 
the finis with regard to mistakes, for the printer — or else Soane 
himself, committed many more, by 44 omitting by accident” the ex- 
planations of the letters of reference in some of the plans. And 
in their plans, or in what is dependent on and arises out of plans, 
the chief, or, to speak more correctly, the sole merit of that collec- 
tion of Soanean designs consists; many of the elevations being little 
short of the downright ugly and hideous. Soane should have con- 
fined himself to plan ana contrivance : they were his forte. His 
ground work was often truly admirable ; his superstructure gene- 
rally quite the reverse. The work of Soane’s here referred to is 
remarkable of its kind ; for, professing to show only 44 cottages, 
villas, and other useful buildings,” it includes a design for wnat 
is neither a very cottage-like nor very utilitarian edifice, to wit, 
a National Mausoleum. Soane seems te have had a pious penchant 
for burying people : for the matter of that, he would not have 
scrupled to bury the whole nation alive, so that he had the erecting 

its mausoleum, or motueoleum, as terms it ; which last, I 

suppose, means nothing more nor less than a mouse-trap. 

IV. Pugin does not at all shine in the parliamentary 44 blue book” 
which shows his design for Maynooth College, and those by dif- 
ferent architects of some other public buildings that are now in 
progress in Ireland. u Maynooth” would furnish an illustration 
for Mr. P/s own work entitled 44 Contrasts,” it being a sufficiently 
striking sample of pseudo-Gothic, alias modern Gothicising. It 
is only Pugins professed admirers — those who make it a point of 
honour to admire whatever proceeds from him, who can look with 
complacency on such a dowdy and prosaic design, which possesses 
neitner style, nor quality that atones for the dereliction of style. 
Still it may, on that very account, prove not a little satisfactory 
to some, — those, to wit, among his professional brethren who may 
have taken offence at Welbv Pugins supercilious tone towards 
them in his 44 Contrasts” and other writings. Perhaps they will 
retort upon him, and ask if Maynooth is to be regarded as an ex- 
ample of what can be achieved by those who boast of being in- 
spired by 44 the faith of our forefathers.” 

V. Place aux dames ! A lady-writer on architecture is so great a 
phenomenon — such a veritable black swan ^applied to one of the 
fair sex the simile sounds somewhat antithetical), that Mrs. Tuthill 
deserves to have a separate article, or at least an entire Fasciculus 
devoted to her, more especially as she shows herself to be a reader 
of Candidus, and has paid him the compliment of transferring to 
her own pages one or two of his pithy paragraphs. Still I am not 
so much indebted to her for the compliment, as she is to me for 
those little bits of architectural philosophy which sparkle like 
gems amid the dulness of her book, since she has not had the grace 
to acknowledge to whom they belong. Inverted commas mark 
them for quotations, and that is all ; except it be that they are 
jumbled up with extracts from other writers, without the difference 
of proprietorship being hinted at. Suum cuique , my good lady, is 
an honest maxim, and the best policy ; for your own unscrupu- 
lousness now relieves me from all scruples and qualms of gallantry, 
and emboldens me to speak out somewhat freely. Privilege of 
sex cannot be allowed you : you are of the feminine gender, — and 
so are 44 man-of-war” ships * so also are amazons, but their she - 
ship did not shield those belligerent ladies from wounds in the 
brunt of battle. I do not deny you the right of wielding that 
feminine implement the scissors; but I do disapprove of your 
making use of the paste-pot at the same time ; and your book is a 
notable sample of tnat species of literary manufacture which goes 
by the name of 44 scissors-and-paste work.” Perhaps you will say 
that it is genuine patch-work, and, as such, is a very suitable occu- 
pation for your sex. That a good deal has been ere now written upon 
architecture by women I do not dispute ; but then, till now they 
have invariably been old women , and of the man-kind, whereas you 
are neither the one nor the other. 44 What then,” you will say, 
44 may not ladies, who are not old ones, turn their attention to archi- 
tecture? Why should they be interdicted from cultivating a taste for 
that branch of fine art which has so much to do with taste gene- 
rally ?” Why, indeed, should they ? Architecture has, as you 
observe, been strongly recommended in a paper in the 44 Foreign 
Quarterly ,” as a study particularly adapted to enter into the list 
of female accomplishments ; and you might also have brought for- 
ward Wight wick’s opinion to the same effect. Nor do 1 dissent 
from them : there certainly is nothing to hinder a woman from 
understanding architecture— -that is, the aesthetics of building, just 
as well as a man, or indeed a great deal better than many men, 
since some of them mistake mere building for architecture. Pro- 
ficiency in the study is quite irrespective of sex : it depends upon 
the intelligence, the application, and the relish brought to it. Sin- 


cerity of study, diligence of reflection, are the sine qua non : 
whereas you seem to have overlooked some of the most indispen- 
sable qualifications for the proper execution of the task which you 
undertook ; and which, in the vastness of your ambition, you ex- 
tended to every known style of the art, including some that no one 
knows anything about at all. You appear to have set up for a 
teacher, while you yourself were only a learner, and not very per- 
fect in your lessons. You show that you have spoken by book and 
by rote, feeling secure in, and trusting to, the greater ignorance 
of your readers. Come, cheer up, my good Mrs. Tuthill : though 
you get no flattery from me, you may still get plenty of puff from 
other critics ; therefore the acidity of my remarks may be useful 
to you, by correcting the fulsomeness of theirs. Considering — you 
must excuse the ungraciousness of that qualifying expression, — con- 
sidering, I say, that it is the production of a female pen on a mas- 
culine subject, your book is not so very poor a book after all. At 
all events, it is something in the bodily shape of a book — a goodly- 
sized octavo volume, with your name on the title-page ; which is 
far more than Candidus can boast of having ever sent forth to the 
public. Yours is, besides, a funny book — funnier perhaps than 
you intended it to be. One of its drolleries is that of omitting 
m the list of those who have distinguished themselves in architec- 
ture, such recent celebrities as Cagnola, Schinkel, Gartner, and 
several others, and immortalising such obscurities as Joel Johnson, 
and John Linnell Bond. Oh! Mrs. Tuthill, Mrs. Tuthill, you are 
a very roguish creature ! To think of your immortalising— and 
immortal they now will be in your book — such poor devils in all 
their littleness, is no doubt very laughable, but partakes too much 
of a mauvaise plaisanterie. 


VI. Loudon’s 44 Architectural Magazine,” and others of his pub- 
lications, have been very freely laid under contribution by Mrs. 
Tuthill, who has copied several woodcuts from them, but without 
any acknowledgment of their being copies, and without even men- 
tioning the names of those by whom they were designed. At 

L 307, for instance, she has re-produced from the Supplement to 
udon’s 44 Encyclopaedia,” what she very justly calls 44 a beautiful 
English villa in the Elizabethan style,” and recommends as a model 
for residences of that class in 44 the northern, middle, and western 
states ;” but very ungraciously withholds from Mr. E. B. Lamb the 
credit of having designed it, although his name is attached to it 
in the publication from which she pirated — or, to speak more pret- 
tily — borrowed it. The suppression of its author's name is per- 
haps less unjust than it otherwise would be, because she exhibits a 
fac-simile of the original cut, with all the vexatious blunders which 
Mr. L. complained of and pointed out in the letterpress accompany- 
ing his design, observing, that owing to the ignorance of the en- 
graver, 44 the parapet appears like a Grecian guifloche instead of Go- 
thic perforated panelling ; the arches do not present the easy curve 
of the Gothic four-centred arch ; and the scroll label over the pro- 
jecting bays assumes also a different character.” Y et, notwithstand- 
ing that these provoking infidelities of delineation were plainly 
enough pointed out by the author of the design, they are not cor- 
rected, neither is there a syllable of caution against them ; so that 
the serious solecisms and errors in the cut may unwittingly be co- 

E ied together with the real merits of the design. Call you that 
onesty. Mrs. Tuthill, — or can you fairly call yourself an honest 
woman r 


VII. 44 Simplicity of style in architecture ” says Mrs. Tuthill — 
Mrs. Tuthill again ! — 44 is in itself a beauty. The dictum requires, 
however, to be qualified by adding, provided Jthe simplicity itself 
be aesthetic, and accompanied by other esthetic qualities. 44 A 
Doric temple,” she observes, 44 is perfectly simple ; yet what ob- 
ject of art is more imposing and beautiful? 4 ’ No doubt : the Greek 
Doric temple was worked by refined and truly artistic simplicity, 
and by perfect consistency and completeness of expression. The 
difficulty is to infuse an equivalent degree of similarlv-refined sim- 
plicity into structures very differently constituted, and which, there- 
fore, ought to be stamped by appropriate character of their own. 
Hardly can Mrs. T. mean to recommend the antique Doric temple 
as a model at the present day, it being one which it is utterly im- 
possible to adhere to. In fact, Greek temples are the stumbling- 
block against which many American architects— of English ones 1 
say nothing— have tripped themselves up. A mere portico has gene- 
rally been made by them their Alpha and Omega of design. They 
have accordingly snowed their classical taste ana utter lack of inven- 
tion by applying that convenient ready-made feature, the portico, 
and tacking it on to most Pecksniflian buildings, without tne least 
suspicion that they were thereby out-Pecksnimzing Pecksniff him- 
self. Mrs. T.’s own book gives us a sample of the kind at page 300, 
assuring us that 44 the beautiful portico is copied from the Ereck- 
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theum." All the more pity then that it should be stuck on to a 
little smug sash-windowed house. It seems, however, that 44 the 
front is of white marble." All the more pity again, that white 
marble should have been wasted upon a design for which lath and 
plaster would have been quite good enough. The turning Erecb- 
theums and Parthenons into prose is a notable achievement, truly ! 

VIII. Although she indulges in a good deal of young-lady-like 
writing and feminine sentimentality, much ready-made enthusiasm 
(but of a rather threadbare sort) included, Mrs. T. is a very matter- 
of-fact sort of lady, — a mere materialist in criticism. Artistic idea 
and design, or the absence of them, are to her as nothing in com- 
parison with the merit derived from such materials as white marbleor 
granite. The adverting to the mere circumstance of material, when 
every other is passed over, does not bespeak much competency to the 
task in one who professes to instruct others in architecture, and 
direct their taste. Mrs. T.'s criticism never ventures beyond a poor, 
solitary, mateless, forlorn-old-bachelor, celibatarian epithet ; and 
even that is not only exceedingly loose and vague, but sometimes 
quite misapplied also. If we may believe what she says, Yale 
College Library is a 44 beautiful edifice but if we are to believe 
what she shows , and to trust to our own eyes rather than to her 
words, it must be truly execrable in every respect. That building 
and Hartford Athenaeum (of which a print is also given) are both by 
the same architect (H. Austin), and are both meant to be in the 
Gothic style — of the Strawberry Hill period, it may be presumed. 
Which is the most hideous of the two — to which of them the 
44 Detur Turpiort * ought to be assigned, it would be difficult, per- 
haps impossible, to decide. Their similarity of merit — or demerit, 
is so great, that Mrs. T. herself has been forced to employ precisely 
the 9ame terms for their characterization, calling the one and the 
other 44 a symmetrical and effective building,” — a proof that her 
stock of expressions is but a very scanty one. 44 Effective” enough 
they both are, no doubt, and so is — an emetic : and iust like an 
emetic, it is, that they operate ; at least, if they resemble the repre- 
sentations of them in the book. Some time ago, an American 
journal made mention of a fish without eyes ; and it would seem 
that the Americans themselves are altogether without eyes (or eye) 
for Gothic architecture. 

IX. It was to be supposed that Mrs. T. would avail herself 
largely of the opportunity of chronicling for fame some of her 
own countrymen, in her “Chronological Table of the Principal 
Architects ; instead of which, she does not there insert the name 
of a single one, assigning for the omission the following not very 
logical reason : — 44 It would be very desirable to add here a list of 
eminent American architects; but so many of the most distin- 
guished are still living, that we must deny ourselves the pleasure!” 
Oh, Mrs. T.! Mrs. T.! What a womans reason! You are 
woman all over ! 

“ In reasoning weak, in captiratlon strong.** 

Dead worthies, it seems, are not to be spoken of, because the 
race is not extinct, and other worthies are still alive. Very 
easily might you have helped yourself to some notices of American 
architects, quite sufficient for your purpose, from Dunlop's 
“History of the Arts of Design in the United States”; but you 
scorn to borrow or pilfer from anybody. 

X. At any rate, it cannot be said that Mrs.*Tuthill has failed 
to enrich her volume with a glossary ; and a particularly rich 
treat it is to the lovers of fun and laughter. I, for one, was cer- 
tainly guilty of m&ris-laughter , when I read her definition of 
44 vertical.” I would take a thousand bets that no one would ever 
guess it. She does not indeed actually say that “vertical” 
means 44 horizontal ;” but she says — never would you find it out 
of yourself — that it means 44 opposite ;” which being the case, I 
am quite vertical — in opinion 1 mean, and in opinion only — to 
Mrs. T. How fortunate, or else how unfortunate, it is that the 
Atlantic is between us ! 

XI. Among those with whom Mrs. T. has got into debt by her 
literary borrowings from them, is Mrs. Jameson ; of whose descrip- 
tion of the Konigsbau, at Munich, she has availed herself, without 
having the grace to acknowledge its authorship, or the policy to 
quote it in evidence of the competency of a female pen. How- 
ever, if she has defrauded some of her literary creditors, she has 
paid off one of the smallest of them with usurious interest; 
namely, the gentleman to whom she has thought proper to apply 
the epithet 44 learned," as the most characteristic one which she 
could select, — or it was the one perhaps which was just then at 
the point of her pen, — styling him emphatically 44 the learned 
Rriton”! Possibly, such epithet may, as a general one, be well 


merited by the what-shall-I-call-him to whom it is applied ; yet 
hardly appropriate to the actual occasion, since the words she 
quotes are only a sample of what Sam Slick calls 44 soft sawder." 
Go to, Mrs. T., — where you deserve to go to, I don’t say ; but go 
to, for a very quizzical and roguish woman. 


OCCASIONAL NOTES UPON ART. 

By Frederick Lush. 

I. We admire true art, on account of its ennobling tendency. 
This has its origin in principles which, founded in the constitution 
of our nature, are the foundation of excellence. It would not be 
a difficult, though a very interesting task, from the varied and 
honoured labours of the artist, to show that success demands, upon 
his part, the exercise of the highest mental faculties. Real art is 
an evidence of these — a manifestation of skill and manly energy. 
It proclaims with eloquence its intrinsic dignity. How often, for 
instance, do the stately monuments which her genius has reared 
force themselves on our regard, ri vetting our attention, and com- 
manding our admiration, even when men are intently occupied in 
the bustling transactions and exciting pursuits of life ! When the 
appeals of art are so powerful, it would be idle to say anything in 
vindication of its character, were it not that there are creatures 
upon whose minds they seem to make no impression, and who 
rudely pass them by, or only cast upon them a look of cold indif- 
ference. To write, however, on subjects of pure and sublime art, 
is to eulogise them, and at the same time, to give to the world 
a history of the good they have effected ; but this has been felt 
and acknowledged, from time immemorial, by all persons who have 
claims to our respect for their quick sensibility to beauty and lofty 
elevation of intellect : for, to the poet they have ever afforded a 
congenial and favourite theme ; to the wealthy an opportunity of 
gratifying their own taste in a judicious encouragement of talent ; 
nor has posterity ever forgotten those artists whose services and 
beautiful emanations have thrown such a glory over their voca- 
tion, but have recorded their names on the roll of fame, as bene- 
factors to their race. There is no reader of those remarkable poems, 
the Iliad and Odyssey, but must remember the frequent allusions 
which Homer makes to the works of the skilled Sidonian artists 
and cunning artificers ; with what warm sympathy, but, at the 
same time, with what propriety he introduces descriptions of va- 
rious instruments and accoutrements of war — royal and sacerdotal 
vestments curiously woven — the shield of the hero Achilles — with 
works of larger construction — architectural fabrics — such as in 
after ages were conceived by a Palladio, or by a Sir Christopher 
Wren. He considers all these as growing under the superintend- 
ing eye and inspiration of personified Divinity — be it Pallas or 
other goddess, the beauty of their contrivance and the transcend- 
ancy of their invention being referred to a superior power, who 
strengthened the artists' energies. Moreover, he reminds us how 
the workmanship added immeasurably to the value of the mate- 
rial, by the superiority of mind over matter. Yet, whether it was 
the architect who built the lofty pile, or the potter who fashioned 
utensils of domestic use into forms of beauty, each, by the selec- 
tion of the most durable materials, insured to his work the greatest 
ermanence possible. The low'er departments of art received a 
igh degree of artistical effect from the refined feeling and know- 
ledge of harmonious composition applied to them ; it being an im- 
portant aim in those decorative and ornamental arts which adorned 
the palace or the temple to cultivate beauty of design in the 
fullest extent ; so Minerva is represented as watching over and 
herself occupied in the 44 illustrious labours of the loom but it 
wa* not the stuff of the tapestry, nor the precious stonefe that 
composed the floor of rich inlay, but the design that graced it, 
which was admired and commended. In works of fictile manufac- 
ture, where the finer and most delicate skill of the hands was vi- 
sible, the splendid vase is praised, not because its material was 
costly, but because it was “figured with art that dignified the gold," 
and reflected the image of a master-mind. We w itness, in all tbit, 
a most consummate taste and judgment. So Ovid, in the opening 
of his glowing description of rhseton : — 

“ Regia Solis erat sublimibus alia cohtmnis , 

Clara micante auro,/fammasgue tmitante pyropo ; 

Cujus ebur nitidum Jastxgxa summa tegebat : 

Ary end bi/ores radio bant turn true valva, 

Materiem svperabat opus ” 

The bard of the Iliad says, the inventor of these elegant arts was 
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a wise man, and that he must have acted from precepts delivered 
to him by Minerva : — 

u the work 

’Twas a wise artist fram’d, his wisdom taught 

By precepts from Minerva.” 

II. Lord Bacon s definition of art — namely, “a proper dispbsition 
of the things of nature, by human thought and experience, so as 
to answer the several purposes of mankind," clearly expresses that 
the success with which the mind achieves that desirable end, and 
the means it adopts for the production of the beautiful, depends 
upon such high attainments as can be expected only after a long 
course of observation and experience. Art will exert a beneficial 
influence upon society, and be a realisation of beauty, according 
to the wise and u proper disposition of the things of nature. 
Herein is pointed out tne necessity of a knowledge of first prin- 
ciples, which, when systematised by reasoning and taste, form a 
sure foundation whereon the artist may securely rest in all hi 9 
operations. The amassing together a variety 01 perceptions re- 
quires the perfection and activity of the organ of vision, and the 
power of combining and representing figures in their most natural 
and appropriate forms. — is acquired only after a repetition of ma- 
nual efforts, aided by the co-operation of the mind, and added to 
much practical wisdom. Such representation of sensible objects — 
not, however, strictly copied as they are, but improved to what 
they should be — portrayed truly, yet poetically, demands a system 
of various and well-approved precepts, for instruction in which 
man must look with the cautious and careful eye of observation 
into the laws which have governed the works of the Divine artist. 
The words of Paley, when arguing the existence and attributes of 
God from his works, — u Contrivance proves design, and the pre- 
dominant tendency of the contrivance indicates the disposition of 
the designer," apply equally to human productions ; and we cor- 
rectly infer from their elegant beauty or imposing grandeur, the 
artist’s endowments. 

III. The well-understanding of the sound principles of art (by 
which only it can be learnt and appreciated) prevents the commis- 
sion of solecisms and barbarisms. Pursued on principles contrary 
to nature and just reasoning, its results are generally absurdities, 
and sometimes those one-sided, partial, and imperfect views, which 
are nothing less than proofs of insanity. Witness Borromini in 
architecture ; or, who was worse, Father Guarini, the specimens of 
whose architectural achievements in Turin look more like the 
sugar-and-plaster compositions of a pastry-cook and confectioner ; 
or Bernini, who in sculpture, imitated the style of Rubens ; and 
surely nothing could be so bad in taste as to make the drapery of 
his sculpture resemble that of painting, or anything it in reality is 
not ; for in the imitative arts, as in morality, the advice esto quod 
esse videris , should be recollected. These are examples of an in- 
dividual caprice, of a love of extravagance, and of a spirit so 
opposed to all truth, that they deserve censure ; and the more so, 
because they are apt to captivate the ignorant and unreflecting. 
So necessary is it that all should be under the guidance of reason 
and intention, that he who does not attend to what these govern- 
ing faculties prescribe as binding and imperative, but acts only 
from impulse or chance, forfeits all right to the title of artist. 
But worthy of all admiration is he who exhibits a control over 
himself and his, perhaps, too ardeut imagination ; who regulates 
his enthusiasm by reason ; who makes his genius conform to the 
rules of art ; and rising above every particular and partial, repre- 
sents only the universal truth. For in this, as most other pursuits, 
it will be best to preserve a medium. Extremes on either side are 
to be shunned. 

“ Altius egressus, calestia tecta cremabis ; 
bferius, terras ; medio tutissimus ibis .” 

Ovid. 


ON THE STABILITY OF FLOATING BODIES. 

The doctrine of stability is of much greater importance in the 
constructive arts than is commonly imagined ; it is, moreover, a 
difficult subject, and when considered in all its generality, it re- 
quires a much more extensive knowledge of mathematical investi- 
gations, than is possessed by the greater part of that class of 
individuals engaged in mechanical pursuits ; hence the reason 
why the subject, notwithstanding its importance, is so little under- 
stood. But although the general investigation of the theory is 
attended with considerable difficulty, yet there are cases of a 
highly interesting and practical character, in which the difficulties 


are but slight, and which may consequently be understood by 
every person moderately acquainted with the elementary depart- 
ments of science ; and it is to those cases which, in the present 
instance, we intend the more especially to direct the attention of 
our readers. The following are the conditions on which the equi- 
librium of flotation depends. A solid body, floating on a fluid 
which is specifically heavier than itself, will remain in a state of 
equilibrium or balanced rest, when it nas sunk so far below the 
surface, that the weight of the fluid displaced by the immersed 
portion of the body, is exactly equal to its whole weight, and when 
the centre of gravity of the whole floating mass, and that of the 
immersed portion of it, are situated in the same vertical line. 

If the floating body be inclined from the position of equilibrium 
through a very small angle, by the action of some external force 
any how applied, the question of stability consists in determining 
whether tne boay, when left to itself under such conditions, will 
continually recede farther and farther from its position of equili- 
brium until it finally oversets, or whether it will librate about 
some axis, until it ultimately restores itself to the position which 
it occupied previously to the action of the disturbing force. 

In the following inquiry we shall confine ourselves to that par- 
ticular case of the problem, in which the first condition of equili- 
brium is supposed to be satisfied, in whatever position the floating 
body may be placed ; that is, when the w eight of the whole floating 
mass is exactly equal to the weight of the fluid displaced by the 
immersed portion of it. 

Every solid which is generated by the revolution of some plane 
about a fixed axis, and in general, every solid body having an axis 
about which the opposite parts are symmetrically arranged, if it 
be specifically lighter than the fluid on which it floats, and if it be 
placed in the fluid with its axis perpendicular to the horizon, may 
sink to a position in the fluid, where it will remain in a state of 
quiescence or balanced rest. In all such bodies, there are two 
opposite positions in which the equilibrium obtains; but there is 
only one position in which a permanency of flotation can take 
place. 

If the floating body be homogeneous, or uniform in density 
throughout the whole of the mass, the centre of gravity of the 
entire body will be situated above that of the part immersed, or, 
which is the same thing, that of the displaced fluid ; but if the 
density of that part of the body which is below the plane of flota- 
tion * be greater than that of the part above it, the centre of 
gravity of the whole floating mass may be lower than that of the 
immersed part, or of the displaced fluid. Indeed, the centre of 
gravity of the whole floating mass may always be placed below 
that of the immersed portion of it, by increasing the density of 
the lower, and diminishing that of the upper portions ; and in this 
way may the stability be augmented in any ratio at pleasure. 

If a floating body be any how cut by a plane, in respect of which 
the opposite parts are symmetrical, or similarly placed ; then, any 
portion of the body cut off by a plane perpendicular to the former, 
will also be symmetrical in regard to the same plane ; hence, 
we infer, that if a body, symmetrical with respect to a certain 
plane passing through it, be partially immersed in a fluid with the 
said plane vertical, the immersed portion of the body will also be 
symmetrical as regards that plane ; and the centre of gravity of 
the whole floating body, and that of the part below the surface of 
the fluid will lie in that plane ; consequently, for every such plane 
as that here specified, which can be taken in a floating body, there 
will be at least one position of equilibrium. These things being 
premised, we are now in a condition to investigate some of the 
simpler cases of the stability of flotation . 

Problem, — If a uniform prismatic body, whose transverse section 
is a triangle, be made to float upon a fluid specifically heavier than 
itself in a given ratio, with one of its angles downwards, it is re- 
quired to determine tne different positions in which it will float in 
a state of quiescence. 

Let A B V, in the annexed engraving, be a transverse section of 
the prismatic body, floating on the fluid with the angle A V B 
downwards, and let the straight line C D be the line of common 
intersection of the plane of the triangle with the surface of the 
fluid, or that which, by the writers on mechanics, has been called 
the water-line . 

Then, since the specific gravity of the fluid, as well as that of 
the floating body is known, the area of the triangle C D V is 
known, being to that of the triangle A B V, as the specific gravity 
of the floating body is to that of the fluid on which it floats. 

Let the floating body be a prism of fir, of which the specific 

* The plane of flotation, ia the horizontal section of the body, coincide ut with the 
rarfkre of the flald ; or It is that horizontal section which se, arotes the Immersed and 
emerged portions of the body. 
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gravity, as compared with that of water is, as 1 1 to 20 ; and let 
the sides of the transverse triangular section be respectively as 
follows : — viz., AB = 36*5 inches ; A V = 44*2 inches ; and 
BV = 53*1 inches. 



Then, since the prism is uniform throughout the whole length, 
the weights and solidities of the floating body and the immer- 
sed part of it, will be truly represented by the areas of the 
triangles ABV and CDV. Now, by the rules of mensuration 
and by logarithms, the area of the triangle ABV is found as 
follows. 

Side BV - 53 1 Inches, 

Side A V — 44*2 Inches, 

8ide A B - 36 5 Inches. 

BV + AV+4B — 1338, sum of the sides of the triangular sect'on of the prism i 
4(BV+AV + AB) — 66 9, half sum of t se sides . . log. 1*82542’* 1 

138, half sum minus BV .. log. 1*1398791 

22*7, half sum minus A V . , log. l’3. r )602M) 

30 4, half sum minus AB .. log 1*4828736 

log. 6*8042047, 8«im , 

Area of the whole triangle ABV — 798 183 square Inches, 4 log. 2 9021023, 4 Sum , 

and, consequently, the area of the immersed triangle CDV, being 
to the whole area as 11 to 20, is 

20 ; 11 798*183 : 439*00065 square inches. 

Bisect the sides of the triangles A B and C D, in the points at F 
and P ; draw V F and V P, and from the vertex V, set off V G 
and V g respectively equal to two-thirds of V F and V P ; then, by 
mechanics, G is the position of the centre of gravity of the 
triangle ABV, and g , that of the triangle CDV; join the centres 
G and g by the straight line G g ; then, according to the second 
condition of equilibrium, G g is a vertical line. 

Since the area of the triangle CDV is known, the horizontal line 
C D touches a given hyperbola described with the asymptoles A V 
and B V; and C D is bisected by that curve in P, the point of con- 
tact. Join P F, then PFis parallel to Gp, and because G^ is 
vertical, P F is also vertical, and consequently perpendicular to 
C D, which is horizontal ; it is likewiseperpendicular to the hyper- 
bola Q P R which C D touches in P. Therefore, since the position 
of the point F is known, the position of the straight line P F can 
be found ; and for each perpendicular that can be drawn to the 
curve of the hyperbola from the point F, there will be a position 
in which the prism, whose transverse section is the triangle ABV, 
can float in equilibrio with the vertex downwards ; and the differ- 
ent positions of P F which satisfy the conditions of equilibrium, 
may be determined, either by the solution of an algebraic equation 
‘ of the fourth decree ; or geometrically, by the intersection of two 
hyperbolas, of which thd elements of construction are known. 

When a body, floating permanently on the surface of a fluid 
specifically heavier than itself, has its equilibrium of flotation dis- 
turbed by the action of some extraneous force — that is, when the 
centres of gravity of the whole floating mass, and of the immersed 
part, are not in the same vertical line ; if a vertical plane be made 
to pass through those centres, the body will revolve upon an axis 
perpendicular to that plane, and passing through its centre of 
gravity; for when the impulse communicated to a body is in a 
fine passing through its centre of gravity, all the parts of the 


body move forward with the same velocity, and in lines parallel 
to the direction of the impulse communicated. But when the di- 
rection of the impulse does not pass through the centre of gravity, 
as is the case in tne present instance, the body acquires a rotation 
on an axis, and also a progressive motion, by which the centre of 
gravity is carried forward in the same straight line, and with the 
same velocity, as if the direction of the impulse communicated 
had actually passed through the centre of gravity ; and it is a 
curious mechanical fact, that the rotatory and progressive motions 
thus communicated, are wholly independent of one another, each 
being the same in itself as if the other did not take place. 

This follows from the general mechanical principle or law, that 
the quantity of motion in bodies estimated in a given direction, is 
not affected or changed by the action of the bodies on one another. 
The revolution of a body on its axis is produced by an action of 
this kind, and therefore it can neither increase nor diminish the 
progressive motion of the whole mass moved. When a single 
impulse only is communicated to the body, the axis on which it 
begins to revolve is a line drawn through its centre of gravity, 
and perpendicular to the plane which passes through that centre 
and the direction in which the impulse is communicated. 

It is the nature of some floating bodies, when their equilibrium 
of flotation has been disturbed, to return to their original position, 
after making a few oscillations backwards and forwards, upon an 
axis similar to that above alluded to. But others, again, when 
their equilibrium of flotation is ever so little disturbed, do not 
resume their original position, but continue to revolve on an axis 
passing through their centres of gravity, until they attain another 
position, when they are again in equilibrio. In the former case, 
the equilibrium is s said to be stable , and in the latter it is unstabU , 
and the body oversets. 

When the floating body is made to revolve from the position of 
equilibrium, by the action of some external force ; if the line of 
support* move, so as to be on the same side of the line of pressure ,1* 
as that part of the body, which becomes depressed below the surface 
of the fluid in consequence of the inclination from the state of equi- 
librium ; then, the equilibrium is stable, and the body will restore 
itself ; that is, it will resume the position which it occupied before 
it was submitted to the action of the deflecting force. But if the 
line of buoyancy, or the line of support, be on the same side of 
the line of pressure, as the emersed or elevated part of the 
floating body, then the equilibrium is unstable, and the bodv will 
recede farther and farther from its original position, until it finally 
oversets. 

When a body floats upon the surface of a fluid specifically 
heavier than itself, the force which tends to make the body revolve 
about its centre of gravity, is equal to the weight of the body- 
acting on a lever, the length of which is equal to the horizontal 
distance between the line of pressure and the line of buoyancy ; 
and when this distance vanishes, that is, when the centres of 
gravity of the whole body and the immersed part of it are in the 
same vertical line, the force tending to cause the body to revolve 
is equal to nothing. 

When the floating body is any how inclined or deflected from 
the position of equilibrium, and when the line of buoyancy falls 
on tne same side of the centre of gravity of the whole floating 
mass, as that part of the body which becomes depressed below the 
surface of the fluid in consequence of the deflection, the lever by 
which the force acts is said to be affirmative, and the force tends 
to establish the equilibrium, or to restore the body to its original 
position. But on the other hand, when the line of buoyancy is on 
the same side of the centre of gravity of the whole body, as that 
part of it which becomes elevated above the surface of the fluid in 
consequence of the deflection, the lever by which the force acts, is 
said to be negative, and the force tends to overset the body. 

These are the chief principles necessary to be known in taking 
a cursory view of the subject ; and we shall now proceed to show 
in what manner the momentum of stability is to be calculated. 

Let the vertical transverse section of the floating body be uni- 
form, or the same from end to end ; then put — 

a = area of the transverse section of the immersed part of the body ; 
d — distance between centre of gravity of the whole and immersed part ; 
I = leogth of the water-line, or the base of the immersed section ; 
p zz small angle of inclination or detiection ; 
w zz whole weight of the floating mass ; 
nt *= momentum of stability. 

* The vertical line which pastes through the centre of gravity of the immersed part o 
the floating body, la called '* the line of buoyancy/' or “ the line of support.*' 

t The vertical line which passes through the centre of gravity of the whole floating 
mass, is oallsd “ the line of pressure.'* 
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Then, on the supposition that the angle of deflection is very 
small, as it must be in all practical cases, the momentum of the 
force tending to restore the equilibrium of flotation is, by the 
principles of mechanics, — 

ro = (il;- 

This equation is general, whatever may be the form of the 
floating body ; but the subsidiary calculations are more intricate in 
some cases than in others, and in conseouence, the formula in 
those cases will be more difficult in its application, and the labour 
will be much more tedious and irksome. 

By attentively examining the constitution of the above equation, 
there are certain inferences that offer themselves, which it may be 
useful to specify. They are as under : — 

/ 3 

1 . If the first term of the parenthetical expression be 

greater than the second, d, the leverage is affirmative, and the 
force tends to restore the body to its original state. 

2 . When the two parenthetical terms are equal, there is no force 
teuding either to restore or destroy the equilibrium ; for, in that 
case, tne momentum is nothing. 

3. When the first of the parenthetical terms is less than the 
second, the leverage is negative, and the force tends to destroy 
the equilibrium and overset the body. 

4. When the weight of the body remains constant, the stability 

is proportional to the expression ( d\ sin <p. 

5 . When the centre of gravity of the whole floating mass is 
lower than the centre of buoyancy, or that of the part immersed, 
the term </, or the distance between the centres of gravity, is nega- 
tive, and the whole parenthetical quantity (£-0 becomes 

affirmative; a circumstance which greatly increases the stability 
of flotation, as we have already intimated. 

If, in the vertical line passing through the centre of gravity of 
the whole body and that of the immersed portion, there be taken 
a point distaut from the centre of buoyancy, by a quantity equal 
P 

to that point is called the metacentre by naval architects, 

because it must always be situated above the centre of gravity of 
the mass, in order that the body may float with stability. These 
things being premised, we shall now give an example of the method 
of calculating the momentum of stability, according to the above 
formula ; and if the process be well considered in this particular 
case, there can be little difficulty in applying the same principles 
to similar cases, even when the section of the body is of a very 
different form. 

Example. — In the prismatic body of fir formerly mentioned, and 
of which we have given a transverse section, tne length of the 
water-line C D is 25*8 inches ; the vertical distance G < 7 , 8*5 inches, 
and the whole weight of the floating body 3,200 lb. ; what is the 
momentum of stability, or with what force does the body endea- 
vour to restore itself, when deflected from the equilibrium through 
an angle of 5 degrees. 

By a previous calculation, we have found the area of the im- 
mersed triangular section to be 439 square inches, omitting the 
fraction ; hence, by the formula, we have — 

( 25*8 3 \ 

1 2 X 439 ~~ 8 ’ 5 ) X 5200 X 8in 5 °* 


The length of the water-line is 25*8 in log. 1*4116197 

3 

25*8 3 = 17173*502 log. 4*2348591 

Area of the immersed section = 439 sq. in. ar. co. log. 7*3575355 
Constant number, 12 ar. co. log. 8*9208188 

Natural number, 3*2599 log. 0*5132134 


Consequently, we have — = — — - = 3*2599 ; which, 

being less than the term d = 8*5 inches, the third inference shows 
that the leverage at which the weight ot the body acts is negative, 
and the force tends to overset it, the momentum of instability 
being ( — 8*5 + 3*2599) X 3200 X 0*08710 = — 2374*981 pounds. 


FIRE-PROOF BUILDINGS. 

The advantages of building our dwellings fire-proof is so gene- 
rally acknowledged, that it is needless to say a word in its favour; 
but the great difficulty in the way has been the expense in con- 
structing the floors ana ceilings. To Dr. Fox, of Bristol, are we 
indebted for the erection of buildings that are fire-proof, and at 
the same time quite as economical as the ordinary timber-built 
floors. About 15 years since, Dr. Fox built a private asylum at 
Northwoods, near Bristol, on a large scale, containing no less than 
120 rooms. Externally, it is built in the ordinary way with brick- 
work, but the floors are constructed as shown in the annexed en- 
graving ; and in order to make our description practical, we shall 
describe the weight and size of the bearers as adapted to one of 
the rooms at Northwoods. The floor is 18 feet by 13 feet; the 
joists, which are placed lengthwise, are of cast-iron, of the x* 
shape, and are 3 inches deep at the bearings, and 5£ inches deep 
in the middle ; |ths of an inch thick at the bottom, and § inch 
at the top. The depth includes the flange at the bottom, which is 
9^ inches wide, and £ths of an inch thick, on the underside. Each 
joist weighs 15£ lb. per foot, and they are placed 18 inches apart. 



Upon the flanges are laid stout fillets of wood, about 1 inch square, 
clove out of short ends of deals, with a space of about half an inch 
between each slip. Upon these fillets is laid a thickness of coarse 
mortar, portions of which pass through the spaces, and form a key 
for the ceiling. Upon tne coarse mortar is placed a layer of 
pugging or concrete, and finally a composition composed ot lime, 
ashes, and sand, well beaten down, and trowelled on the face. 
After the whole has become tolerably dry, linseed oil is rubbed 
over the surface, which renders the floor perfectly non-absorbent 
of moisture. The ceiling is then put on below — first a coating of 
lime and hair, then a floating coat, and at the conclusion the set- 
ting coat. When the whole has stood for a few days, the floor 
forms a solid mass, and is very stiff and strong. 

Models, showing the form of construction, may be seen at 
Messrs. Fox and Barrett’s offices, 46, Leicester-square. 

Reference* to Engraving . 

a, Plaster Ceiling, formed in the ordinary way. — b, b, b, Cast-iron Joists, 
e, Strips of Wood, Slate, or other material, with narrow spaces between 
each.— d, a coat of coarse Mortar, forming a bed for the concrete above, 
and a key for the ceiling below. — e, Layer of concrete or pugging. — : f, a 
facing layer of composition, forming a floor of great hardness, toughness, 
and durability, and perfectly free from absorption. 


Btatt- Furnaces. — Remarkable Accident . — \t one of our blast-furnaces, 
blown with heated air, while the blast was shut off for a few minutes, as is 
usual after casting, an explosion took place inside the pipes, which, from its 
effects, we consider extraordkiaiy. In the pipes immediately outside one of 
the stoves for heating the blast, and at the end next the furnace, is a stop- 
valve — a circular disc of cast-iron, 1$ inch thick, and 12 inches diameter, 
cutting off the connection between a line of cold-blast pipes and the hot-air 
pipes. This valve, by the force of the explosion, was literally shattered* 
Several of the joints in the line of cold-blast pipe*, with which the breaking 
of this valve opened a connection, were blown out, and another stop-valve, 
in the large main, at a distance of 20 yards, was also broken in pieces ; 
there the explosive mixture escaped in flame at the waste. The furnace, at 
the same time, belched out a great quantity of the materials in front. Will 
any of yonr scientific correspondents have the kindness to explain the nathre 
of the explosive compound likely to be formed in the hot-air pipes ? It ap- 
pears to have generated in the furnace, and fired by the pipes of the stove 
being red-hot, which they very soon become (if the fireman is at all care- 
less) when the blast is not passing through them. — An Old Subscriber : 
Merthyr Tydvil, Oct . 31. — Mechanic*' Magazine. * 
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HIGH-PRESSURE STEAM GENERATOR. 

Invented by J. A. Leon, C.E. 

In the beginning of this century the tubular boilers of Woolf 
and Rumford were used for generating steam. Soon after Trevi- 
thick's flued-boiler9 were introduced, it was found that metallic 
flues surrounded with water were more effectual than tubes filled 
with water, and surrounded by the products of combustion. Since, 
the number of flues in a boiler increased successively until they 
formed the multiflux locomotive boiler. 

Fined boilers ought to be used only where they cannot be 
avoided, as on railways or for navigation. The space occupied by 
the flues reduces the size of the steam -chamber. The water at its 
maximum height covering these flues only a few inches, does not 
permit the use of the float-stone, the best water indicator on sta- 
tionary boilers. The metallic flues are sometimes left dry, and 
burst. Boilers of that description are not easily cleaned, free 
access to the inside being almost impossible; the result of such 
neglect, if it causes no explosion, it increases greatly the tear and 
wear, and the expense of extra fuel is very considerable. 

The common cylindrical horizontal boiler, being the simplest* jfchfc • 
safest, and the most easily cleaned, ought to be preferred an a sta- , 
tionary generator. The only objection against its use was itfc small i 
area of heating surface ; but the greatest part of the wasted thjwfc' 
air leaving the boiler can be absorbed before reaching the chimney ' 
by an appendix vessel, containing water for feeding the boiler. 

To obviate the defective method of cooling the cylinder by in- 
jecting cold water in it, Watt condensed the steam in a separate 
vessel. Here, in place of injecting cold water, mud and all, into 
the boiler, this compound is primitively received into the heater, 
where the water, before reaching the boiler, deposits its insoluble 
matter, and acquires an elevated temperature. The generator 
receiving by this process a constant supply of hot water, keeping 
the steam steady, no perturbation is felt, as when injecting cold 
water. 

This heater requires no extra room : its place is below the boiler, 
and behind the fire-grate bridge, a space commonly filled with rub- 
bish. A great advantage of this heater is, to keep the supply of 
water in almost a quiescent state, which gives the effectual means 
of obviating the evil of bad water. The sediment accumulates, in 
one or more heaps, in the front of the heater, where the water 
happens to be the least agitated. Those deposits are received in 
some recipients placed near the man-hole. The generator, fed with 
water almost clean, is no more liable to burn. 


Fig. 1. 



Fig. 2. 


The heater is comparatively of a small 6ize. In the engraving 
the generator s axis has 26 feet, its diameter 4 feet, while the 
length of its heater is only 14 feet, its diameter 4 ft. 6 in., and, 
notwithstanding this, its heating surface is twice as much as the 
heating surface of the boiler itself, which is here 150 square feet. 
In reducing the 300 square feet of the inner and outer surface of 
the heater to 120 square feet of effective heating surface, the whole 
apparatus has 150 and 120, or 270 square feet of heating surface. 
This diyided by one square yard, or 9 square feet, per horse power, 
will prove a 30-horse power for the capability of the steam gene- 


rator. The grate, 5 by 6 feet, or 30 square feet, harmonises per- 
fectly with a 30-horse high-pressure boiler. 

The upper and lower brick flues are very large, and answer for 
burning all kinds of combustible — vegetable, as well as mineral 
fuel. 

The boiler and its heater are screwed and cemented together, 
when set on the furnace. If rivetted together, their transport by 
land and sea would not be so easy. 


Fig. 3. Fig. 4. 



Reference to Engravings .* 

Fig. 1, Longitudinal section. — Fig. 2, Top view of Furnace and Boiler. — 

Fig. 3, Vertical section through line 1—2, fig. 1. Fig. 4, Vertical section 

through line 3 — 4, fig. 1. 

A A', Cylindrical boiler, with hemispherical ends, containing only the steam- 
chamber, and the water to generate steam. 

B B' Horizontal reservoir, composed of two concentrical cylinders, leaving 
an annular space filled with water, supplying the generator A A', by 
means of the short vertical pipes b b', set into the sockets a a', 
c c', Joint bolts fastening A to B with curved cramp-irons. The annular 
space between b b ' and a a' is filled on the spot with iron cement. 

d, Damper, with pulley d' and weight d K 

e, Stop-valve betwixt the feed-pipe e' and the plunger-pipe e*. 

//', Two erect cast-iron segments, resting upon cast-iron plates Y, on the 
top of the furnace. On those curved girders the boiler A A' is sus- 
pended by its brackets g , with bolts, pegs, and nuts, g" % g 
h h\ Main steam-pipe and stop-valve. 

t, Whistle regulated by the float *', to give the alarm when the water falls 
below its minimum level. 
kJdy Man-holes to boiler A and to heater B. 

/, Safety-valve. 

m m', Gauge-cock and pipe-indicator of maximum of steam, 
n n', Ditto, ditto, of minimum of water, 

o o', Discharge- cock and pipe for emptying the water from both vessels, A * 
and B, and for filling them by means of a perpendicular pipe connect- 
ing o' with an elevated water-tank. 

p , Passage from the furnace-door to the fire-grate q. 

p* 9 Moveable fire-mouth, in the shape of an arched-top hayed window, 
placed in the fire doorway, its narrow part inside the furnace, for burn- 
ing bundles of bagass, or dried squeezed sugar-cane ; each bundle it 
pressed into the fire-mouth, and acts hy turns as a furnace-door. This 
sort of hopper is removed when wood or coal is used. 

q, Fire-grate. 

r, Moveable plate, shifted when necessary to clean the flues. 

s, Fire-bricks surrounding the sockets a a', not shown in the engraving. 

/, Two fire-brick lumps, on which rests the beater B. 

v, Two return brick flues, joining before reaching the damper d . 

v , Inter verted arched bridge. 

w, Partition between upper leading flue and lower return flues «. 
y, Cast-iron plates, ou which are placed the girders//'. 

x, Ash-pit. 


* We are Indebted for the drawings to a work that Mr. Leon is about publishing, on 
** Colonial Machinery for Manufacturing and Refining Sugar.*' 
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GEORGE STEPHENSON. 

( Continued from page 333.J 

▼II. STEPHENSON, GRAY, AND JAKES. 

The share which Stephenson had in bringing 1 railways to the 
height at which they now are has been much fought about. He 
has been named the “ Father of Railways** by many of his friends ; 
but there are others who are put forward. By what he did with 
the locomotive he had made a step onwards, and this he followed 
up by the Stockton and Darlington Railway. These were great 
works ; but no one who fairly looks at it can believe that to George 
Stephenson only is owing our wide net-work of railways. At forty, 
Stephenson was hardly more than a working man, with little 
weight even among his own friends ; and he had no means, had he 
had the wish of moving the world to the great step, whereby the 
bounds of neighbourhood were to be widened, the furthest shires 
of England and Scotland brought within a few hours reach, and 
the householders of London and of Paris, sundered from the be- 
ginning of the world, made to know each other as friends and as 
brothers. He had his share, and a great share, but no more, in 
this mighty stride towards the fellowship and brotherhood of all 
mankind, which the wise of old have sighed for and dreamed of, 
but which they durst never hope should be so nearly brought 
about. 

The earth has this year taken to itself Thomas Gray, as well as 
Stephenson, so that each can be as fairly brought to doom. Had 
not the former come forward while living, perhaps his name would 
have never been heard, nor would he have been called the u Railway 
Pioneer.** It seemed hard, however, that a grey-headed old man, 
who, in his youth, had seen so far beyond his fellows, should be 
left to starve in the sight of the wonders which he had foretold. 
There is always a feeling for the seer who is happy in his bodings ; 
more, perhaps, than for the workman who has slowly wrought out 
the task witn which he set forth. There is a feeling of kindness, 
too, for one who has wished to do well, and on whom good luck 
has not smiled. There was a forbearance, therefore, in searching 
into what Thomas Gray had done, and meting it out narrowly by 
the wand of truth, yet the utmost of what could be said of him 
W8S, that he was one of those who, like Sir Richard Phillips 1 and 
others, but later, had laid down what was within the bounds of 
skill to do. What Thomas Gray wrote and spoke in 1820, hun- 
dreds had said when Trevithick run his first steam-engine on the 
Merthyr Railway : to have seen his engine and the Croydon tram- 
way was enough ; any man of common daring would foretell the 
greater speed and might of the iron horse, which would grow with 
his growth. To map out the railways as Thomas Gray (fid needed 
no skilL, for they must be made where the trade already flowed, 
and not over the highlands of Scotland, the wastes of Dartmoor, 
or the heights of Snowdon. That Gray did good in writing his 
book no one will gainsay, for it awakened others to the worth of 
railways, so far as it went; but others did the same work, and 
others did still more. Trevithick, Blenkinsop, Win. Chapman, 
Blackett of Wylam, and George Stephenson, set the iron horse 
going, others laid down tramways: in 1818, R. Stevenson, of Edin- 
burgh, wrote for a great railway from Edinburgh ; and later, Wm. 
James brought forward his great railway undertakings. 

On February 11, 1800, Mr. Thomas, of Denton, read before the 
Literary and Philosophical Society of Newcastle a paper, styled 
“Observations on tne Propriety of introducing Roads on the 
Principle of the Coal Wagon-ways, for the General Carriage of 
Goods, &c." This is the first proposition that we know of for a 
general railway system, and nearly twenty years before Gray's. 

In 1814, George Stephenson haa in his mind's eye a better road, 
and a greater speed, and he soon brought them to bear ; the others, 
each in their way, did something ; but Thomas Gray only wrote, 
as Sir Richard Phillips had done. By writing, Gray might have 
done much, had he, without doing anything, only shown to others 
something new, which might be none : but this cannot be said for 
him ; and he stands as a writer and talker, while the others were 
doers. 

Not so, however, with William James, of Warwick. He not 
only saw what railways could do, but he set to work to make them. 
It is now almost forgotten that the busy time of 1825 teemed with 
railway undertakings, as much as 1835 or 1845. Then were laid 
down all the great works, which have since been made, and these, 
in a great way, through the earnestness of James. The Liverpool 
and Manchester Railway, and the London and Birmingham Rail- 

1 44 Mechanic** Magazine,” October 21. 1848, which quotes Sir Richard’* 44 Morning 
Walk to Kew,*' published In 1813, and likewise quoted by the 44 Manchester Examiner." 
Sir Richard was an upholder of Bleuklnsop’s engine. 


way, must be looked upon as his offspring ; and had it not been for 
his unwearied earnestness, they might have been longer put off. 
As it is, we are now only doing in 1845 what might have been done 
in 1825 ; and in the outcry against railway calls and works, many 
railways, the want of which was seen in 1845. will not be made 
until 1855 or 1865. We hear a great talk about mad-brained 
undertakings; but the cool looker-on must weep to see how, by blind- 
ness, the works most needful for the good of England are hindered 
and kept back. How much better should we be now if the works 
laid down in 1825 had then been begun and set out ! All that 
good to which we now own in better husbandry, cheaper coal, and 
quicker trade, would now have reached a greater height. Had 
Brindley or Stephenson been listened to when they first spoke of 
canals and railways, England would hffve been much more forward 
than she is, and still more a-head of other lands. We may still 
learn from what has gone by, but it does not seem as if we were 
willing to do so. 

We are not called upon to search why James did not fully fol- 
low up his great railway undertakings, nor why he did not reap a 
better or greater reward. Too little is known about him ; his life 
has yet to be written ; and, until then, we cannot coolly settle 
whether he were the loser by the carelessness and unthankful- 
ness of the world, or, like Trevithick, by his own want of steadi- 
ness. That to him very much is owing ought to be acknowledged ; 
and now. that death does not hinder us from speaking freely, the 
works of James are likely to be set in a higher light. By George 
Stephenson and his son they were acknowledged ; and the latter 
took the lead when a call was made on railway shareholders and 
engineers for the widow and children of James, who are left be- 
hind to witness his works, but without sharing in the wealth which 
they have yielded to others. The Stephensons, however, after- 
wards withdrew, and the subscription fell to the ground. 

William James laid down the first railway of any length in 
England, the Stratford and Moreton Railway, 8 finished in 1821 ; 
the London and Brighton Railway, which he surveyed in 1812. 3 
the Liverpool and Manchester Railway ; 4 the London and Bir- 
mingham Kail way ; 5 and the Canterbury and Whitstable Railway. 6 

We may, without any very great wrong, believe that two such men 
m Ralph Dodd and William James must have done much in 
strengthening the mind, and awakening the hopes of George Ste- 
phenson. The former had a share in fostering the steam-boat, as 
well as the locomotive ; his engineering works were daring. James 
drew the outlines of our great iron roads. The former was un- 
timely in his end ; both unhappy in their lives, and ever beset by 
ill-luck. With these two Stephenson was in fellowship ; but hap- 
pier in his lot, and happier than Trevithick, in whose path he fol- 
lowed, and carried out what the other had left undone. It is not 
needful now to say anything of the others* ill-luck ; it is enough to 
say again, that the root of Stephenson's happiness lay within him- 
self. He, too, had a struggle with the world. He had been in 
want of work and bread : he could not get a patent for his first 
engine ; and for his next, he had no good partner in Dodd ; and 
with his safety lamp he was overshadowed by the greater name of 
Davy, and reaped but a slender reward. He was laughed at by 
the mighty, and set down as a quack and a cheat ; but he looked 
more to himself than the world, and he overcame it. 

It must be borne in mind, that before James and he set 
about the Liverpool and Manchester Railway, Stephenson had set 
the locomotive going* and was busy on the Stockton and Darling- 
ton Railway. Stephenson was ready for his task ; but the strong 
hand of a man who knew the world well must have been a great 
help to him, and the time was most smiling. It was when Pros- 
perity Robinson had fanned the flame of greediness ; and when the 
fulness of wealth sent a stream of English gold to the mines of 
Brazil, Mexico, and Peru. Ten years before, had there been such 
an opening, Stephenson would nave been found unready for it : 
he had not got his engine in full work ; he knew little of rail- 
ways ; and he had not put off his workman's apron. He had 
neither the strength nor trust within him ; and though he and 
Dodd may have talked over what was to be thereafter, yet the 
mind of Dodd, daring as it was, does not seem to have been 
awakened fully to what was to do greater wonders, and bring 

f reater wealth than even the steamboat. In taking a share with 
tephenson in the patent for the locomotive, Dodd must have seen 
its worth, and may have looked forward to its becoming the iron 
horse, which it has been fondly named ; but he did not feel the 
time come to ask for railways all over the land, as James did, who 


• Ritchie on Railways, p. 87. 

4 Ritchie od Railways, p. 28 8. 


a Weale't Ensamples of Railways, p. 4. 
s Ritchie on Railways, p. 288. 

• Railways of Great Britain, by Francis Whishaw, C.E.,— Art. Canterbury au4 
Whitstable. 


47 


Digitized by 


Google 



*SS 


THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 


pDECEvam 


was a busy railway engineer before he knew Stephenson, when he 
helped him to the partnership with Losh, and for which James had 
a fourth share of the patent . 7 In 1824, the fulness of time had 
come ; there was the time, and there were the men, and the 
start was made. It is true, that all which might then have 
been done was not done — but there was a beginning : and in 
1835 Stephenson had shown his skill, and haa greater weight 
and name in the world, so that he could push railways on — 
or rather hinder them from being lost sight of, as they might have 
been even then ; for there was no want of croakers — the backers of 
canals were loud and strong, and the fear of railways beset all the 
old women and womanish men throughout the land. • 

Of the two men who have been named with Stephenson — Trevi- 
thick and Dodd— -it has never been shown what a strange likeness 
there was between them in many things. This went so far, that 
each had his tunnel under the Thames, Trevithick at Rotherhithe, 
Dodd at Gravesend ; each had a patent for the locomotive engine ; 
each left Stephenson to reap what good was to be got from it. 
Dodd well knew Trevithick's works ; and, when Stephenson and 
he met in 1815, they must have talked about them ; but Dodd did 
not feel strong enough to set up as a great railway-maker. 

Vm. STOCKTON AND D ARLINGTON RAILWAY. 

The Stockton and Darlington railway was one of our first great 
railway works, but it is that as to which the least has been written. 

. Very little can therefore be said as to George Stephenson s share 
in it ; though it is much to be wished we knew more about it, that 
we might see the working of his mind in his early undertaking. 
Whatever Stephenson undertook was, so far as he could, tho- 
roughly done ; and he was always seeking for the best way. He 
therefore, in making the Stockton and Darlington Railway, 
brought into use many things which were quite new. 

Nicholas Wood, who could best have done it, says nothing’of 
the Stockton and Darlington Railway in his book . 8 Tredgold 
does not seem to have seen it, though he names it . 9 Francis 
Whishaw, in the “Analysis of Railways ,” 10 often names the Stock- 
ton and Darlington Railway, and speaks about it at length in his 
“Railways of Great Britain .” 1 1 This, however, does not show it 
as it first was ; and an eye-witness like Nicholas Wood, could have 
done much for us. 

We have sought in the British Museum, without finding them, 
Thomas Gray's “ Observations on a General Iron Railway; T. C. 
Cummings' “Account of Railways;” Charles Silvester's “ Report;” 
and Joseph SandaTs's “Report.” Most of what was written 
between 1820 and 1830, on the Stockton and Darlington, and 
Liverpool and Manchester Railways, is not to be found in the 
Britisn Museum, as such things were not thought of any worth * 
had they been a few sheets about a Greek play, they would have 
had a happier lot. 

In this day we know nothing of the men to whom, less than 
thirty years ago, we were beholden for bringing forward our great 
railway works. Some, as Joseph Sandars, Robert William Brand- 
ling, and Henry Booth, still live ; but many have sunk to the grave, 
unknown and unthanked. Two books are wanted before it is too 
late to learn all the truth, — the History of Railways, and the Lives 
of Engineers. There are lives of poets, painters, doctors and law- 
yers. but not of engineers, beyond Smeaton, Brindley, Watt, and 
Telford. Stuart has done the most in his “Anecdotes of the 
Steam-engine/ The Institution of Civil Engineers gives medals 
for the lives of Trevithick, and others ; but no one asks for them. 
George Stephenson will not be forgotten by them ; and, before the 
Institution of Mechanical Engineers, a life of him was read by 
John Scott Russell. 

Stephenson was about forty when he was first called on to be 
engineer to the Stockton and Darlington Railway. This could 
hardly be named as more than a tramway ; and, although travellers 
were carried by coach, it was only a coal line, made to draw the 
coals from the pits in South Durham. Some of these pits belonged 
to Messrs. Pease and Backhouse, members of the Society of 
Friends, and powerful bankers. 

The Messrs. Pease were partners as bankers with the Liddells, 
the owners of Killingworth Pit ; and this, perhaps, led to George 
Stephenson being named as engineer, so Far away from his own 
neighbourhood. The Messrs. Pease thought so highly of Stephen- 
son, that they afterwards found the money for a locomotive work- 
shop, now known as that of Robert Stephenson and Co., of New- 
castle. The brothers and their children henceforth took a great 
share in railways, not only in the north, but likewise in the mid- 

1 Communicated by J. C. Robertson, Esq., of the Mechanics* lfagaslne. 
a Wood, on Railroads. 1826. 9 Trsdgold, on Railroads, 1826, p. 20. 

10 Analysis of Railways. London, 1837. * a Railways of Great Britain, p. 420. 


land, and they are still great holders in the northern lines. 
Joseph Pease was a very great holder in the London and Birming- 
ham, in the Manchester and Leeds, and others of Stephenson's 
railways. Joseph Pease, his nephew, formerly M.P. for South 
Durham, is now treasurer and deputy-chairman of the Stockton 
and Darlington Railway, and treasurer of the Great North of 
England, the Wear Valley, and the Middlesborough and Redcar 
Raflways. 1 * Joseph Rofcinson Pease is deputy chairman of the 
Hull and Selby Railway. John Pease and Henry Pease are direc- 
tors of the Stockton and Darlington and other neighbouring 
railways. 

The Backhouses are no longer on the Board of the Stockton 
and Darlington Railway, but Edward Backhouse is a director of, 
the Durham and Sunderland Railway; and John Church Backhouse 
of the Great North of England Railway . 1 9 

The Meynells, of Yarm, took likewise a busy share in the 
Stockton and Darlington Railway, as did the Hobarts of Etherly 
Pit. Both are still directors. 

The main line was only twenty-two miles long, and was to ship 
coals from the dale of tne Tees, between Darlington and Stock- 
ton. The money to be raised was only about a hundred thousand 
pounds, and the Act was got in 1821. The works most likely began 
in the next year. The first line was from from Witton-park 
colliery, to Stockton-on-Tees, and the money to be raised by 
shares was 82,000/., and by loan, 20,000L This was then thought 
a great deal to be raised by the Peases, Liddells, and Backhouses, 
who had it mostly on their own hands. In 1848, 14 the shares 
were 275,000/., and the loans 1TGL000 /. ; and the shareholders leased 
at 6 per cent, the Wear Valley Railway, which cost 140,000/.; and 
the Middlesborough and Redcar, which cost 70,000/.. The earliest 
dividend on the shares of the Stockton and Darlington Railway 
was 4 per cent. ; this rose to 11 per cent., and afterwards to 14 per 
cent. ; but it was lowered to 10 per cent., and 4 per cent, put by 
as a sinking fund. These shares do not come into the market 
now, but have been sold for more than 260/. for a hundred pound 
share. They are now in a few hands ; and Mr. Tuck says, “ The 
directors refuse to publish any accounts whatever.” 

The gauge of this railway was 4 ft. 8£ in., what is now named 
the narrow or national gauge, which had been taken up as the 
common width of wagon-wheels. The rails were at first 28 lb. to 
the yard . 15 These were afterwards made 35 lb., and at length, 
64 lb. They were fish-bellied ^ 8 on Jessop's plan, which was then 
held better than parallel rails. Stephenson was in favour of 
wrought-iron rails, and of Mr. Birkenshaw’s system, as is shown 
by a well- written report given in Wood on Railroads , 1 7 and one of 
his earliest writings, printed after that on the safety lamp, here- 
tofore named. In this , 1 • he speaks of the non-rusting of wrought- 
iron rails when kept in work, and of the rusting of unused 
wrought-iron rails laid alongside ; but he gives no good reason for 
this. He thinks that there is a change in the chemical condition 
of the surface of the rail. The rails were laid under the patent 
taken out with Mr. Losh, in 1816 ; 19 but Nicholas Wood thought 
that the chair might be so made as to get rid of the jolting where 
the chairs were pinned together. This was, in 1829, done under a 
patent of Messrs. Losh, Wilson, and Bell. 

Part of the rails were laid down on square blocks of wood," 
and part on stone blocks. Nicholas Wood 81 wrote recommending 
the latter. Stephenson, perhaps, wished to get a smoother road 
for the sake of his engines, which had been one of his ends in his 
patent with Losh. The old way of setting the blocks was by 
mallets and shovels, beating the blocks till they came to the right 
level ; but Stephenson set up another way, which is that now fol- 
lowed. He had a portable lever, about twenty feet long, which 
lifted up the block by the short end, about a foot high ; and by 
letting it fall several times upon the coating of the road in the 
intended seat, throwing at the same time gravel or fine sand under 
it, made a solid bed for it. It is then set to its right level, 
both lengthwise and crosswise, by squares and sights . 89 

The line was fenced with hedge-rows over a greater part, which 
was then rather a new kind of fencing . 89 

a 9 Post Office Railway Directory* 1848. 

&e Poet Office Railway Directory* 1847, 1848. 

14 Tack’s Railway Shareholder’s Manual* p. 230. 

aa Railways of Great Britain, by F. WhtshaW* p. 416.— Nicholes Weod, 1st edition, 
p. 70.— Ritchie, on Railways* p. 34.— The weight fires In the Analysis of Hallways, by 
F. Whishaw* p. 273, is, by error* stated as 36 lb. 

14 Ritchie, on Railways* p. 86. ar First edition* 1826 

as Wood on Railroads, 1st edition, p. 66. a » Wood, 1st edltloo, pp. 66* 66. 

to Ritchie on Railroads, p. 67. • » Wood on Railways, 1st edition. 

ti Ritchie, on Railways, p. 60.— This way was first brought in by George Stephenson, 
bat it Is not sure whether on the Swocktoo end Darlington Railway, or afterwards. 

94 Whlabaw’s Analysis of Railways, p. 276. 


Digitized by t^ooQle 


1848.] 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


363 


The engines are said, by Francis TYhishaw, who had seen many 
of the old ones, to be M ponderous and clumsy, but still powerful.** 4 
Many of the old ones were on the line in 1837. The Lord 
Brougham was 16 feet long, with six wheels ; each three being con- 
nected by cranks. The engine-driver rang a bell on coming near 
a station. About 1836, the steam-whistle came into use for the 
passenger-engines ; but the bell was used for the coal-engines. 84 
Whishaw thought that it was better to have several kinds of 
signals, rather tfian the steam-whistle only. 

Level road-crossings were then thought to be without any harm ; 
and therefore there were fifteen on the Stockton and Darlington 
line. 8 4 This kind of crossing was, as is known, afterwards put a 
stop to by law, but is now sometimes allowed. In 1839 there 
were no gates on the line, but merely signal-posts, with the word 
“ Signal. 

In 1823 and 1824, further acts of parliament were got ; and the 
Company were allowed to run locomotives and carry passengers. 
On the 17th of September, 1825, the line was opened. 87 Stephen- 
son now tried on a large scale, on the Hagger Leases branch of 
the Stockton and Darlington Railway, his locomotives, which were 
thought to be very successful. By this time, the Wylam, Killing- , 
worth, and Hetton tramways were worked by steam-power. 

The gradients on the Stockton and Darlington Railway are 
mostly steep, 1 in 128, 204, 233, and 427. The line rises from 
Stockton ; and was worked by stationary engines at the inclines, 
which are 1 in 30, 32, 33, and 104. 8 ® The length of the main 
line is 25 miles, but the whole length is now 55 miles 5 furlongs; 89 
and there are eight passenger and goods stations. The whole cost 
per mile is now 9,000/. 1,064 persons are employed on the line. 

Passengers were first carried in stage coaches, drawn by horses ; 
and it was some time before the locomotive was brought into play, 
while the speed was low. In 1837, Whishaw found the speed of 
the passenger-trains only 12 miles per hour. 80 As this was mostly 
a coal line, it will be seen that the speed of the locomotive would 
never have been brought out here, although its power was fully 
tried by Stephenson and Nicholas W ood. 

Whishaw does not think that the earthworks are heavy, nor does 
he name any great work. Some of the curves on the main line are 
sharp, being much under a radius of a quarter of a mile. There 
are thirteen bridges under, and eleven bndges over, the main line. 
The slopes of some of the embankments towards the top of the 
line are planted with firs. 81 The line is ballasted with small coal. 

This is named as the first line on which houses for the workmen 
were built on the side of the railway, 1 " and Whishaw foresaw that 
it would be followed elsewhere. The end for which these cots 
were built was to keep the waymen and other workmen near their 
work, and away from the ale-house. 

In 1839, there were 5.000 coal-wagons at work on the line.* 3 
At that time, there were tnirty engines, very few of which were by 
the Stephensons, some were by Timothy Hack worth, of Shildon, 
by the Kitchens of Darlington, now directors of the line, and the 
Hawthorns. The works of Timothy Hackworth are at Shildon, 
on the line ; and thus he was stimulated to the Liverpool and Man- 
chester struggle by seeing the engines of Stephenson running on 
the line before him. At Shildon are likewise the engine work- 
shops of the Stockton and Darlington Railway. 

The tenders were two waterbutts set on a wagon frame, and 
holding together 1,200 gallons of water. Beside them was the 
ooke or coal for the engines. The whole mounted on four 
wheels. 94 This was the rough beginning of the tender. Coal 
was burned in the coal-engines, and coal and coke, mixed, in the 
passenger-engines. The coke was made at 8t. Helen's pit, on the 
line, and was coked for eight-and-forty hours. The cost was 10#. 
per ton. 

In the year ending the 30th of June, 1847, the gross receipts 
were 113,922/. for the Stockton and Darlington, and Bishop Auck- 
land and Weardale Railways. 44 Of this, 16,115/. was for passen- 
gers, 71,842/. for coals, 21,439/. for goods, and 3,030/. for lime and 
stone. The number of travellers was 428,514. Of these, it is 
said. 33,229 were by horse-coaches (showing that some still ran on 
the line), and 1,840 by coal-trains. Each passenger travels aoout 
6^ miles, and pays about tennence as a fare. 911,635 tons, or 
nearly a million of tons of coals are carried, showing how great is 
the yield of the coal field. The number of tons of goods is 

•4 Whisbaw't Analysts, p. 280. »« Whishaw* s Analysis, 1887, p. 367. 

•• Whlshaw*a Railways of Great Britain, p. 415. 

** Ritchie on Railways, p. 233. #8 Whishaw on Railways.— Ritchie on Railways. 

*» Tuck, Railway Shareholder's Manual, p. 243. 

so Analysis of Railways, p. 292.— Quarterly Review, vol. 31. 

s l Wblahaw on Railways, p. 413. sa Whishaw on Railways, p. 416. 

ss Whishaw on Railways, p. 418. s 4 Whishaw on Railways, p. 422. 

®* Parliamentary Retoms, 1848. 


125,883. It may safely be said, that no such number was carried 
before the railway was opened. The number of tons of lime and 
stone is 89,540, which likewise shows a great trade, and which is 
much beyond what it formerly was. The cattle carried are few ; 
1,878 beasts, 2,121 sheep, and 258 swine. 557/. is paid for parcels. 

While the works were going on, Stephenspn was beset in the 
u Newcastle Magazine,” 84 by Mr. B. Thompson, of Ayton Banks, 
who wished to show that locomotive-engines would never pay, and 
that Stephenson had reckoned wrongly. Thompson said that 
locomotives were not equal to horses. 

He further said, that the breaking of rails at Killingworth was 
very great, and that horses were used to help the engines on. If 
steam were to be used, he thought stationary engines better than 
locomotives. 

Mr. B. Thompson was the maker of a new kind' of rail, 47 whioh 
was tried on the Brunton and Shields Railway, but was not found 
to answer. It was something like Stephenson's, but the rail was 
fastened to the chair by a screw bolt. 

Nicholas Wood took the side of Stephenson, — said that Thomp- 
son's tale about the rails and horses was untrue, and gave other 
reckonings to show that Thompson had made the cost of the 
locomotives too much. 

This Thompson answered ; and a paper war went on, in which 
Thompson laid against Nicholas Wood, that he had made many 
mistakes as to horse-power and so forth. Wood seems to have 
had the better of the fight. 

These were among the early writings of Nicholas Wood, and in 
all likelihood led to the work on railways, written by him in 1825, 
and in which, as is well known, he held forth that it was wrong to 
look for a speed of ten miles an hour. Wood does not seem to 
have had at first a very ready belief in Stephenson, either in this or 
in the Safety Lamp ; but he has lived long enough to find Stephen- 
son in the right, and to be himself the maker of the Brandling 
Junction Railway, which was mostly done by the means of Robert 
William Brandling, already named as an old friend of Stephenson, 
and likewise as the maker of a Safety Lamp. Another great 
work done by a single hand in the north, is Sunderland-bridge, 
built in 1790 by Rowland Burdon. This, and the Brandling Junc- 
tion Railway, show the boldness of the Northumbrians. 

Stephenson may be looked upon as one of the makers of Nicho- 
las Wood's book on railways, for he made all that belongs to 
locomotive-engines, and on tne Stockton and Darlington Railway, 
he had set forth the best way of making railways. This is the first 
great l>ook on railways, and which set Tredgold writing. Wood 
gives a report by Stephenson, and acknowledges his help in the 
experiments to discover the precise amount of resistance opposed 
to the motion of carriages on railways, and the resistance to 
different forms of carriages. 88 These, undertaken seven years 
before, show how careful Wood had been in getting his book up. 
The hook is worth the more, from George Stephenson's share in it. 

Wood must have been of great help to Stephenson many other 
times besides this ; and his reading and mathematical knowledge 
must have stood Stephenson in good stead. It is said 89 that tne 
Rev. William Turner, of Newcastle, was a great helper of Ste- 
phenson with books, with instruments, and advice. 

As an end to this long tale about tne Stockton and Darlington 
Railway, it may be said that the manager is now Mr. George Ste- 

f henson, nephew of the engineer, so that the name is still kept up. 
t is hoped, no wever, that some more lasting remembrance of the 
great man will be set up on this first of his railway works. Mr. 
Meynell, of Yarm, 40 who laid the first rail at Stockton-on-Tees, 
is still a director, and should not let his old friend be forgotten. 

IX. LOCOMOTIVE FACTORY. 


Before 1825 Stephenson laid down the Stockton and Darlington, 
Hetton and Springwell Railways, and set the locomotive at work 
on them. He had now two learners under him, his son Robert, 
born in ] 803, and brought up at Newcastle and Edinburgh ; and 
Joseph Locke, born in 1805, at Attercliffe, near Sheffield, and 
brought up at Barnsley Grammar School. The latter laid out the 
Springwell tramway, from Springwell to Jarrow, 41 which is said 
to be a good work. 

Both Robert Stephenson and Locke are now members of the 
House of Commons ; the former a Knight of Leopold, and the lat- 
ter of the Legion of Honour. These were the first offspring of 
what has since been found a great school of engineering. By 

a® Newcastle Magaslne. toL 1. 

• i Ritchie, on Railways, p. 82, where there Is a drawing. 

a a Wood, on Railroads, 1st edition, p. 175. 

sa Gateshead Observer. «« Gateshead Observer, Augost 19, 1848. 

4 x Gateshead Observer, Ang . 19, 1848. 
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George Stephenson were made the railways of the north-east, by 
Robert Stephenson those of the south-east, and by Locke those of 
the west, from Southampton to Glasgow, leaving only one great 
share for Brunei. Therefore, to the three named do we owe most 
of our railways. At Birmingham their works meet ; and here, some 
day, will be a fitting seat for some remembrance of the three. 

Locke was of great help to George Stephenson, and most in the 
answer to the report of Walker and Rastrick. After the Liver- 
pool and Manchester was done, Locke undertook works of his own, 
which was not taken well by Stephenson. 

In 1894 there were two great things in George Stephenson's 
life — the setting up of the Locomotive Factory, and nis being 
named as engineer of the Liverpool and Manchester Railway. 

It has been already seen how he became known to the Messrs. 
Pease, of Darlington ; and they set up the factory at Newcastle, 
for the building of locomotive engines, of which there was now 
some want. Messrs. Murray, Fenton, and Wood, seem to have 
been builders of engines then. 43 Mr. Michael Longridge had a 
share in the new factory; and afterwards Robert Stephenson. 43 It 
was first known as the factory of George Stephenson and Co., and 
afterwards of Robert Stephenson and Co. It still fiourishep, under 
the care of Mr. Hutchinson. 

The first locomotive used on the Stockton and Darlington Rail- 
way was built by George Stephenson, and, we believe, at the New- 
castle factory. This was the first locomotive used for drawing 
passengers on a railway, which it did in 1825, and is said to be 
still in being. In 1 846 it was decked out. and brought forth to 
head the train at the opening of the Middlesborough and Redcar 
Railway, so that it has had a busy life for a locomotive. It is a 
shame to us that there is no English museum for such things, or it 
might be as proudly kept as we are told that of Cugnot is, in the 
Conservatoire des Arts et Metier s y at Paris. 

From the Newcastle factory have been sent forth engines for the 
old world and the new • and there is hardly a land on the railways 
of which Stephenson's locomotives will not be found. From his 
freat name, these locomotives were much sought for on the open- 
ing of railways abroad, and from them the French, Flemings, and 
High Dutch learned to make locomotives. 

Up to 1840, above two hundred and fifty of these engines had 
been sent forth, and as the price was then high, it will be seen how 
much money must have come into the hands of the makers. 
Whether in railways or in the factory, the Messrs. Pease had no 
need to sorrow for anything they did with 8tephenson ; whereas 
few had anything to do with the other great lights of engineering 
without making up their minds never to see them again. The 
lovers of knowledge may overlook the wanderings of great men, — 
they may look to their heads, and not to their kearts ; but when 
the trust of men of business has been once broken it can never be 
made whole. The earnings of a good undertaking are a fair 
ground for doing something greater, — they are looked upon as an 
earnest ; even where there is a loss, it is fairly looked upon ; but a 
breach of trust is never thought of but with sorrow. 

The Rocket, the winner of the 500/. on the Liverpool and Man- 
chester, was built at Newcastle^ and gave a great name to the fac- 
tory, so that orders poured in from abroad. 

Stephenson most prided himself that Brunei had had to make 
use of his engines. If in anything Stephensqn showed a littleness 
of feeling, it was about Brunei. He was too much given to do as 
others did about him, to look upon railways and engines as belong- 
ing to himself alone, and that no one else had a right to meddle with 
them. He had so often had to fight for his railways and engines, 
that he might well have a fondness for them, ana think he was 
made up with them ; having, from 1820 to 1830, to meet the utmost 
opposition, not only from such men as Mr. B. Thompson and Mr. 
Francis Giles, 44 but likewise of such as Mr. James Walker, and 
Mr. J. U. Rastrick. Forgetting that he himself was the follower 
of Trevithick, Jessop, and Chapman, — the helpmate of James, Bir- 
kenshaw, Booth, and others, he could not bear coolly anything 
which was not of his school. He never forgave Brunei for taking 
another gauge, although the narrow gauge was not set up by him- 
self, but found by him already set up. In the speech at Tamworth 
this soreness breaks out strongly, and he gives way to very coarse 
words. He said of the atmospheric railway, that he had never 
been to look on it, 44 because 1 consider it humbug from begin- 
ning to end But it is not the only humbug. The broad 

gauge is another misconception, as erroneous as the system of 
the atmospheric railway, only they have got my engines to carry 
them through." If we wished to draw George Stephenson as any- 
thing but what he was in truth, we should be very glad to leave 

48 Newcastle Mageslne, Vol. I. 48 Gateshead Observer, Auf. 19, 1*48. 

44 Whishaw*s BaUdays of Great Britain. 


Odt all thta, for it shows an utter want of right feeling, and an 
utter forgetfulness of his own early life. The atmospheric rail* 
way or the broad gauge were as well worth trying &9 the two- 
cylinder locomotive or tubular boiler ; they held forth something 
which might be done, and it is yet to be seen whether they are so 
far behind as Stephenson says. The locomotive was twenty years 
old before Stephenson got it to draw passengers on the Stockton 
and Darlington ; and it has not yet received its full might, after 
four-and-forty years since it was first set going by Trevithick. 

At the Trent Valley opening there was no call for this 6how of 
ill-feeling on the behalf of Stephenson, which makes it the worse. 
He goes on to say, 44 The Great Western Railwav began with en- 
gines differing as much as possible from mine. They put the boiler 
on one carriage and the engine on another ; they had the wheels 
ten feet in diameter, and were determined to go one hundred miles 
an hour; but what became of these engines? They required 
porters to help them out of the station, and they were obliged to 
call the North Star, which I had sent them from Newcastle, to 
carry on the train, and though it wanted rest, it was obliged to go 
out again, and do the duty for which Mr. Bruners large an gina 
wa9 incapable." 

George Stephenson had in all likelihood stood by the Wylam 
tramway when Trevithick's locomotive was helped on by men; and 
he might have owned, that if Brunei made up his mind to have a 
speed of one hundred miles an hour, he got it in the end. What- 
ever Stephenson might choose to say, England owes much to 
Brunei for spurring on Stephenson ; for had it not been for the 
Great Western we should never have got the great speed which we 
now have. Brunei fought against the Stephensons, and they 
against him ; and in the end, we have higher speed and cheaper 
working. 

In 44 Whishaw's Railways of Great Britain" will be found a list 
of all the locomotives in 1839, and in it are many of Stephenson's, 
some as old as 1830, which were still at work. There was one on the 
Bolton and Leigh, and two on the Liverpool and Manchester. Of 
the year 1831, there was one on the Liverpool and Manchester, and 
some on American railways. Of 1832, three on the Liverpool 
and Manchester. 

(To be continued.J 


THE STRENGTH OF HUNGERFORD BRIDGE. 


The paper, by^Mr. Homersham Cox, on the 44 Strength of Htm- 
gerford Bridge," which appeared in the part of the Civil Engineer 
and Architects Journal for October (p. 292). has no doubt been 
read with interest and with pleasure. The neat application 
which he makes of the doctrine of moments to the statical con- 
ditions of the bridge, cannot fail to gratify every professional 
reader. He gives sound reasons, too, why the subject is at this 
moment of the highest practical importance. His calculations 
exhibit the power in the chains of the bridge to support a certain 
weight, with all necessary accuracy, it may be admitted ;* but, as 
one part of the question — namely, the load which it is probable 
will ever be brought upon the structure— claims a wider considera- 
tion than he has given to it, and affects the conclusion he has 
drawn — that 44 if 9 tons per square inch be the utmost strain which 
the metal will safely bear, no margin is left for security against 
the effects of rapid motion" — it is hoped that some further inquiry 
into that part may result in advantage. 

Mr. Cox computes the greatest gross load which the suspension 
chains can support, without exceeding a strain of 9 tons per square 
inch of iron, as equivalent to a weight of 1,576 tons uniformly 
distributed, and exerting a tension of 2,664 tons. He adds, that 
44 this is in fact the load to which the bridge is actually liable to 

be subjected The weight of the chains (715 tons), added to 

that of the platform, parapet, rods, 8tc n and a crowd covering the 
platform with a weight of 100 lb. per square foot, gives, according 
to Mr. Cowper, the maximum load at about 1.500 tons." 

The sentence quoted embraces the point which needs examina- 
tion. 


* In fhet, the tension at the lowest point of a catenary Is (Poisson, In ** Bartow on 
Strength of Material#,*’ p. 300) T «. £ suspended weight % cotan e» the chains, ana- 
pension rods, platform, and load making the weight, and e being the angle at theymtot 
of suspension, formed by the herlsonui chord with the tangent to the enree. 

W* 

If the curve Is considered ss a parabola, this becomes T — gj, $ being the span or 


chord line, and d the deflection j an expression Identical with that given by If r. Oox. 
Bnt the suspension chains do not form an exact curve j their figure is a polygon, of which 
the angles have their loci in a parabola, according to the conditions assumed : and • 
change In the form of calculation follows in consequence, without however any diDfatenc* 
la the result which Is worth notice here. 
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Referring to the Journal for June, 1845 (yoL vm^ p. 166). there 
would appear to be an accidental error, in calling the weight of 
the chains T 15 tons: the links of those suspended between the 
piers, which alone enter into the calculation, are stated by Mr. 
Cooper to weigh only 352 tons. It is to be regretted, that in the 
extract given from that gentleman's paper, read before the Royal 
Institution, all mention of the remaining weights whioh constitute 
the permanent load, as well as the particulars which would facili- 
tate an approximation, are omitted. 

Mr. Cowper appears to exhibit the figures, 296 X 6 = 1480 tons; 
and these are cited by Mr. Cox, in round numbers, as “about 1,500 
tons. 9 But there is this very serious difference between what it 
seems probable the former meant to convey by them, and the in- 
terpretation given to them by the latter — that Mr. Cowper would 
appear to have calculated upon a tension of 5 tons per square inch 
as the greatest that could be thrown upon the chains by the heavi- 
est possible accidental load of 100 lb. per square foot of platform, 
added to the permanent load of chains, rods, &c., which tension 
would amount in all to 1,480 tons ; — whereas Mr. Cox has called 
thia the value of the load itself from which the tension arises* 

If Mr. Cox has misinterpreted Mr. Cowper. his conclusion as to 
the present critical state of Hungerford Bridge fails instantane- 
ously. If Mr. Cowper s meaning has been mistaken here, wha$ 
remains to be said will be less forcibly applicable to that great 
structure as maintaining its sufficiency of strength, but will remain 
to invite some notice as a general question. 

No explanation is given in the Journal to show why Mr. Cowper 
adopted a tension of 5 tons per square inch, as the greatest tnat 
would probably arise ; and it is desirable to analyse nis process of 
calculation, as far as the imperfect data which are on the instant 
accessible will permit. 

Such an amount of tension would be the effect of a gross load of 
875 tons, uniformly distributed, and supported by the chains 
between the piers. It would be made up of 

Weight of chains 862 tons 

„ load ... ... ... ... 898 „ 

Estimated weight of platform 100 „ 

„ „ suspension rods ... 25 „ 

Total ... 875 tons. 

There may be inaccuracy in the estimate of the two last items: it 
oannot, however, be very material, and the meagre means at com- 
mand admit of no more certain result. 

The principal question now for investigation is, whether it be 
possible that the bridge is liable to a load of 100 lb. per square 
loot from the assembly of a crowd of persons on the platform. 

This will be answered when we ascertain how many persons can 
be crowded into a given space, and what the aggregate weight of 
that number of persons may amount to. 

It is well known to military men, that, taking the average of 
large bodies of infantry when close packed each man covers with 
his own person a space of 20 X 15 = 800 square inches. We 
should therefore find 0*48 men in a square foot. 

Mr. James Walker, who, by direction of government, investi- 
gated the circumstances connected with the fall of the suspension 
bridge at Yarmouth, in May, 1845, stated in evidence before the 
coroner, that he calculated the weight of people, “ packed en masse 
upon the bridge," at six persons per square yard, consisting chiefly 
or women, ana children under 14 years of age, each person being 
of the fair average weight of 7 stone ; which, he adds, might be 
a large average, but one adopted by him, partly because it has been 
frequently emploved before. This would give | of an individual 


to 41 lb. per square foot. The rigour of this condition is modified, 
too, in practice, by permitting the use of the bridge, subject to 
special police regulations, for six months after its completion, if 
proof to the extent of one-half this weight has been satisfactorily 
made ; but at the end of that time, proof to the full weight of 200 


belonging to such a description of persons, as chiefly women, and 
children under 14 years of age, for each square foot ; and, follow- 
ing Mr. Walker's average of weight, it would amount to 65 lb. per 
square foot. 

Herr Von Mitis, who constructed the steel suspension bridge 
across the Danube at Vienna, computed its probable load as arising 
from the occupation of a square fathom (of Vienna) by 15 men, 
each weighing 115 Vienna pounds. Hence, per unit of one square 
foot English, we should have 0*39 men, ana 54*9 lb. 

Drury, in his work on Suspension Bridges, lays down an arbi- 
trary standard of 2 square feet per man weighing 10 stone. This, 
per square foot, is equivalent to 0*5 men, and a weight of 70 lb. 

It is familiar information, that in France the conditions imposed 
by government on the constructors of suspension bridges, require 
that, before the public is admitted to the use of any such bridge, 
the chains shall undergo the proof of carrying for 24 hours, an 
imposed load of 200 kilogrammes per sauare metre ofplatform in 
addition to the weight of chains, rods, platform, &c. Tnis is equal 


made ; but at the end of that time, proof to the full weight of 200 
kilogrammes per sauare metre must take place. 

The concesstonnatre is required also to maintain the bridge in 
good order, which shall be done by the authorities, at his expense, 
m case of neglect. Annual surveys of the works take place ; ana 
the Prefect may order a fresh proof to be made whenever any 
ground for fear arises, as to the stability of the bridge, or as to the 
safety of using it. 

With respect to the average weight of a number of persons 
assembled accidentally, we may form some precise judgment, with 
assistance from the researches of Quetelet, published in his u Trea- 
tise on Man," in whioh he gives a table of tne average weights and 
sixes of men and women at different periods of life, ^-sufficient for 
our purpose being found in the following extract* 


10 24*48 23*42 [ means ** avo ‘ rd * 

14 41*63 40*37j \ Female, 47*40 ,» 

20 60*06 52*28 \ f Male, 134*49 „ 

24 62*93 43*28 J ’* \ Female, 116*33 „ 

30 63*64 54*33) fMaJe J40 ~ 

40 63*67 55*23}. „ { Female 121*8 

50 63*46 46*16) (.remale, 1*1 » „ 

To apply this table, — 

From military experience, and assuming the age of soldiers to 
range between 20 and 50, we should get a weight per square foot, 
arising from a packed crowd, thus — 

0*48 X 137*9 = 66*19 lb. 

Accordingto Mr. Walkers estimate of the number of poisons 
on the Yarmouth Bridge, there would be a weight per square foot 
of | X 89*29 = 59*53 lb. 

Taking the estimate of Herr Von Mitis, as to numbers, the 
weight per square foot would be 0*39 X 137*9 = 53*78 lb. 

And, upon the arbitrary standard of Mr. Drury, that weight 
would be 0*5 x 137*9 = 68*9 lb. 

By bringing all our results together, the conclusion to be derived 
from them will be more obvious : — 

Mr. Walker's estimate of weight per square foot is 65 lb. 

Herr Von Mitis „ „ 55 

Drury „ „ 70 

Proof load by French Government „ 41 

A packed body of Infantry „ 66 

From the numbers on Yarmouth Bridge 60 

„ „ as per Von Mitis „ 54 

„ „ as pen* Drury „ 69 

The average of the whole wxmld be „ 60 

But suppose we adopt that number which is derived from facts 

apparently the best ascertained — viz., 66 lb. per square foot— does 
it not seem to be inadmissible that an increase of 50 per cent, 
should be made to it when we are about to calculate what margin 
may be left for contingencies, in the strength of a material mem- 
ber of a suspension bridge ? If this be so, let us revise the esti- 
mate of strain when shorn of so considerable an excess. 

The distance between centre and centre of piers being taken at 
6764 feek the length of platform supported by the chains would 
appear (from the application of a scale to the plates given in the 
Joumai for June, 1845,) to be 

676| — 294 — 13 = 634 feet. 

Hence, straining- weight of platform would be 98 tons 
w » load „ 261*5 

„ . „ suspension rods 25 „ 

„ „ chains would be 352 „ 


e to the plates given in the 


Total ... 737 tons. 

Equivalent to a tension of 4*2 tons per square inch on the lowest 
part of the suspension chains. 

Before pronouncing any judgment on the sufficiency of the 
Hungerford Bridge, it would be requisite to know what weights 
the suspension rods, the timbers, and the planking of the platform 
are capable of sustaining. Indeed, it it not impossible that in the 
latter we might find a limit which would act as a safety-valve for 
other parts of the structure. At all events, we should not forget 
that dense crowds of persons generate a lateral pressure, sucn as 
the parapet railing of a suspension bridge is usually unequal to 
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resist. And the inference might be fairly drawn, that indications 
of danger would be testified by less-important members of this 
bridge than its suspension chains, before fears need be entertained 
of their being unequal to their purpose. 

The conclusions we arrive at are these : — 

1st. That when the bridge is fully loaded, the strain on the sus- 
pension chains is tons per square inch, or in the most extreme 
case 5 tons per square inch, — being one-half the strain under which 
iron is considered to be perfectly safe, and reserving one-half its 
power to meet contingencies. 

Snd. That 66 lb. per square foot of platform is sufficient allow- 
ance in estimating the weight of an accidental crowd of persons 
upon suspension bridges. 

October 30 th, 1848. J. H. 

[The above letter having been referred to the writer of the 
“ Notes on Engineering," he appends the following note 

The researches of “ J. H.” seem to prove satisfactorily that the 
weight of Hungerford Bridge has been over-estimated in the paper 
[ante p. 292, Oct. 1848) on the strength of that structure. In col- 
lecting the data of that paper, considerable pains were taken to 
reconcile the apparently contradictory accounts of the weight of 
the bridge, given in the extract fvoL vm., p. 165.) from Mr. Cow* ; 
per s paper, which contains the following words : — u We have there- 
fore, for the weight the bridge will actually bear, 296 X 17| tons = 
5,180 tons, while 296 X 5 tons = 1,480 tons is the greatest load that ' 
can be actually put upon it* — Was it not natural to infer from this, 
that Mr. Cowper had ascertained that the weight which the main 
chains would have to sustain was 1,480 tons ? 

However, the above letter shows that the words just quoted are 
not the statement of an ascertained fact, but probably the infer- 
ence from some theoretical computations not given. The main 
chains of the central span consist of 1,280 limes, of which each 
weighs 5£ cwt., and therefore the whole together 352 tons. This 
item, however, does not include the weight of the coupling-bolts, 
pins, and suspension plates : with respect to these, and the weight 
of the platform and parapet, which are massive and strengthened 
by iron stays, we have no data. There are certainly no authentic 
grounds for objection to the estimate of “ J. H.," but in the ab- 
sence of more certain information, the following seems a legitimate 
mode of estimating the total weight of the structure. Mr. Cowper 
remarks, that “ the entire weight of the chain, platform, and full 
load upon it would make a load of about 1,000 tons on each pier." 
This gives 2.000 tons total weight of the whole bridge ; and as the 
centre span is one-half the total length of the structure, it appears 
safe to assume that the whole weight of the oentre span, platform, 
and load is 1,000 tons. This would make the horizontal tension 
per square inch at the centre of the main chain = 6 tons. 

It must be remarked, that the words, u the present critical state 
of Hungerford Bridge, are used by “J. H." on his own authority, 
and are not to be found in the “ Notes of Engineering." It was 
not said, nor suggested in them, that Hungerford Bridge was in a 
“critical condition ;" all that was asserted was that which admits 
of strict proof— that, assuming certain apparently accurate data 
for the weight and dimensions of the structure, the metal was 
subject to a tension of 9 tons per square inch. It now. however, 
appears that the data themselves were incorrect, ana that the 
tension is consequently less ; but even the greater amount would 
bv some practical men be deemed within the limits of security. 
The error in question, which, respecting a point of fact, is notj how- 
ever, to be regretted, as it has occasioned an inquiry ana revision, of 
which the results are by their near agreement recommended to gene- 
ral confidence. Another benefit of the discussion has been, that it 
has elicited on one side a display of interesting and extensive re- 
search which, it is to be hoped, will be renewea in other investiga- 
tions of that important class of which the above letter indicates 
the familiar study .“| 


The "Taman " — On Monday, the 13th ult., this iron steamer was launched 
from the works of Messrs. Robinson and Russell, at MillwalL She is 175 
feet long, 26 feet beam, and is to hare engines of 180-horse power. Her 
lines are by Mr. Ditcbburn, and the hull is very smoothly finished. The 
Taman is built for the Russian government, to be employed on the Black 
Sea. She is to be handsomely fitted by Messrs. Pant. On the next slip is 
an iron steamer for the Nabob Nazim, one of the mediatized princes of India. 
She is to go fourteen miles an hour on the Ganges, and is to be used by the 
nabob in his hunting trips. This shows the progress of European luxury in 
the East, as the Taman proves that English skill is not yet surpassed on the 
freezing shores of the Black Sea. The nabob's steamer will make the 
seventh built by Messrs. Robinson for the Ganges. An iron steamboat for 
the Humber is to be laid down on the slip of the Taman . 


CONTRIBUTIONS TO RAILWAY STATISTICS, 

In 1846, 1847, and 1848.— By Hydi Clause, Esq. 

C Concluded from page 338.J 

No. XXIV.— MISCELLANEOUS GOODS. 

Among 1 other articles enumerated in the returns, are furniture 
and vitriol. 

In the year ending 30th June, 1846. there was carried on the 
Manchester and Bolton, 256 tons ox furniture; on the South- 
Western, 325 tons (half-year) ; and on the Brighton, 2,923 tons. 
The receipts were, Manchester and Bolton 128/.; and Brighton 
4,687/. 

In the year ending 30th June, 1847, there was carried on the 
Brighton Railway 4.669 tons, the receipts for which were 6,6601. 

The carriage of furniture is now considerable, the railway being 
preferred to the canal for long distances. The rates per ton per 
mile are high. On the Manchester and Bolton the rate is 12 <L ; 
on the London and South-Western, 7 *26d. ; and on the London 
and Brighton, 7*49 d. 

Vitriol is carried on the Newcastle and Carlisle Railway. In 
the year ending 30th June, 1846, 17 tons, bringing 11/. ; and in 
1847, 62 tons, bringing 39/. Vitriol is classed as dangerous, and 
tbe rate for carrying it is 6jd. per ton per mile. 

No. XXV.— GOODS. 


Tbe gross tonnage of goods in tbe years ending 30th June, 1844, 
t845, 1846, and 1847, is as follows, including every description of 
traffic : — 




1844 

1845 

1846 

1847 



Toni. 

Tons. 

Tons. 

Tons. 

Arbroath and Forfar .. 

,, 

44,869 

59,844 

61.090 

70444 

Ardroaaan .. 

t . 

44.978 

67.385 

113 642 

•77,460 

Ballochoay .. .. 

.. 

*87,894 

377.007 

381,299 

435,995 

., Ifonlcland •• 

## 

989,048 

1,146,812 

1,199,270 

1,213.285 

M Slamannan .. 


60,704 

64,236 

77,301 

97,057 

Bodmin and Wadebrldga .. 


27,825 

20,376 

22,220 

30,177 

Caledonian (Garnklrk) 


214(0*7 

297,714 

398,698 

534,564 

Cheater and Birkenhead 


3,842 

6,912 

7,060 

11.198 

Cockermonth and Workington 

,, 

. . - 

■ ■ ■ 

*2 633 

Dubtio and Drogheda .. 

,, 

— - - 

4,688 

2US17 

18,196 

Dundee and Arbroath •• 


16.484 

21,484 

21,059 

22455 

„ and Newtyle .. 

Dnnfermllne and Charlestown 


29,715 

34,743 

47.654 

31,282 


26,596 

83,622 

32,082 

3140# 

Eastern Counties (Cambridge) 

,, 

28,866 

44.572 

110,349 

286,463 

m 11 (Colcbeattr) 

. . 

20,343 

31.669 

47,231 

83464 

.. .. (Norfolk) 


■ - 

5.000 

*36,354 

114,096 

Eastern Union .. 


. 


■ 1 ■■ 

28432 

t, N (Ipswich and Bury) 


■ — 

- — 

■ ■ 

•81,207 

East Lancashire 


... - 

■ ■ 

- - 

•7483 

Edinburgh and Glasgow (Wllsontown) 

— 

■ 

54,663 

82418 

Fleetwood and W. Riding (Longridga) 


■ 

— - 

t36400 

Fomaaa 


■ 

■ ■ - 

. 1 ■■ 

110,095 

Glasgow and Greenock 


108,000 

79,413 

83,606 

98,297 

Glasgow and Ayr 


86,253 

168,376 

293,304 

897415 

Great Southern and Western 


— 

. ■ . 

— 

11,167 

Great Western . • .. 


129.283 

209,563 

1300,000 

374426 

Kendal and Windermere . . 


— 

. . . 

— 

6446 

Leeds & Think (Stockton & Hartlepool) 

26.173 

t50,000 

61,035 

23,542 

„ * (Clarence) 


— ■ 

taoo.eoo 

651,513 

686,693 

Lancaster and Preston .. 


22,222 

26,099 

25,585 

49,054 

M and Carlisle 


— 

.... .. 

. .. . 

•24.044 

Lancashire and Yorkshire . . 


379,934 

503.618 

522,177 

697,262 

„ (Manchester and Bolton) 


121,875 

149,245 

160.139 

*85,754 

„ (Preston and Wyre) 


■ 

43.060 

64,749 

too.ooo 

Llanelly ana Usudlllo 


96,886 

92,675 

106,841 

95,181 

London and North-Western 


■ .... 

— . . 

■ ■ — 

■ — 

.. (London and Birmingham) 

154,839 

211,590 

370,006 

1,177453 

„ (Grand Junction) 

.. 

232,880 

832,761 

920,387 

*253427 

1 , (Liverpool and Manchester) 

800,048 

349.633 

— 

- 

,, (Bolton and Leigh) 

„ (Manchester and Birmlx 

.. 

82.184 

84.679 

*42,854 

— — 

igm.) 

84,935 

130,334 

293,741 

— - . 

London and Blackwall 


17,515 

23.161 

20,406 

25,071 

11 aud Brighton 


41,652 

65,747 

93,407 

156430 

i, and Croydon . • 


3,973 

9.802 

12,174 

— . ■■ 

11 and South-Western 


71,153 

93,525 

110,640 

148,416 

Londonderry and Enniskillen 


■ .i 

- 

_____ 

*1452 

Manchester and Sheffield .. 


81.673 

1 82,000 

167,678 

218,740 

Mary port and Carlisle .. 

Midland 


106,885 

128.731 

167.046 

204.678 


131,916 

715,267 

909,895 

1,195,177 

1 , (Birmingham and Derby) 

„ (North Midland) 


87,9*9 

—1 i.. 

... . 

. 1 


894,360 

. ■ . 

___ 

-- 

,i (Leicester and Swannington) 

154,738 

197 447 

213.329 

.. - 

„ (Birmingham and Glo'ster, 

.. 

58,687 

*59,983 

- . — 


w (Bristol and Glo'ster) 

„ 

*9.016 

. ■ 

-■ ■ 

- — . 

M (Bristol and Birmingham) 


97.702 

216,404 

254.088 

Newcastle and Carlisle 

.. 

t270JXH) 

1230,000 

1 340,000 

1 390,000 

North British (Edinburgh and Dalkeith) 

109,534 

109.828 

106,331 

64,978 

North Union . . 

.. 

261,928 

4134*6 

494,460 

548418 

n (Bolton and Preston) 


*16,860 

- , 

— - 

South-Eastern . . 

.. 

t30,000 

88,801 

116,384 

204402 

„ (Canterbury and Whltstable) 

Scotch Midland (Newtyle and C. Angus) 

30,000 

8,925 

36,000 

9,506 

11,007 

W 454 

29X406 

8 t. Helen's and Runcorn .. 

.. 

219.738 

257.816 

284,060 

8 tockton and Darlington .. 

.. tl. 000,000 

tl, 000, 000 

1,044,070 

1,127,058 

Shrewsbnty and Chaster 


. . 

— — 

- I. 

*16461 

South Devon •• •• 


_ - 


... 

♦1,176 

Taff Vale 


254,472 

442,991 

426457 

479,189 

Ulster 


1 

— - 

____ 

63,673 

West Cornwall (H ayle) . • 


— 

66,371 

69,530 

78,004 
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Whitehaven .. .. .. *3,811 18,613 

Wtobaw and Coltneu .. .. 428,7 77 310,133 607,472 924,424 

York and North Midland .. .. 187,667 861,022 878,414 446,181 

,, „ (Hull and Selby) .. 162,938 227,869 226,101 

m w (Whitby and Pickering) 26,198 36,101 *9,873 

York and Newcastle — 1,847,389 

tt (Ot. North of England) 180,166 234,196 483,867 

„ H (NewcMtle & Darlington) 268,080 787,547 

M k (Newcastle & N. Shields) 21,084 26,936 88.830 46,600 

M ,, (Durham & Sunderland) 538,849 412,523 444,961 

M H (Pontop & 8. Shields) 625.661 719,788 818J73 

m m (Hartlepool) .. 662^37 824^24 922^22 812,303 

* Half.year. t Estimated Amount. 

The total tonnage in each year was as follows 

1844 1846 1046 1847 

9,823,533 12,522,976 15,871,179 16,699,382 

The following shows the distribution of the traffic in 1847, in 
tons:*— 


t Estimated Amount. 


Coals and Coke .. 

8,900,000 

Ironstone 

600,000 

Iron • • • • 

300,000 

Iron Dross 

110,000 

Copper and Tin . . • • 

23.000 

Limestone and Lime • • 

300,000 

Building Stones . • • • 

600,000 

Sand 

37,000 

Ballast 

36,000 

Bricks and Tiles .. .. 

5,000 

Miscellaneous Minerals • • 

300,000 

Fish ■ « % • • • 

43,000 

Grain 

300,000 

Provisions • • 

400,000 

Manure 

40,000 

Goods, Timber, and Sundries • • 

4,705,382 


Total .. 16,699,382 toot 

To show how small this traffic is relatively to the total carried, 
the following items in the consumption of the people of this island, 
in tons, may be noted : — 

Corn.. .. „ 8,000,000 

Potatoes .. 3,000,000 

Sugar .. „ 300,000 

Tea, Coffee, and Tobacco •• 50,000 

Malt •• . • . . 400,000 

Spirits .. M 100,000 

Paper • • .. 40,000 

Soap.. .. .. 90,000 

Candles .. .. 100,000 

Cotton Goods • • . • 250,000 

Woollens •• •• 100,000 

Linens •• •• 100,000 

Iron .. .. . . 1,600,000 

Glass .. .. 40,000 

Coals .. .. 30,000,000 

Salt •• . . . • 650,000 

Timber .. .. 2,000,000 

Total .. 41,720,000 tons 

This enumeration of 41,720,000 tons is under the mark, and only 
gives the total consumption of this island, reckoning the articles 
as only carried one way, and not including many articles of agri- 
cultural produce, — manures, leather (60.000), fish, stone, lead, 
oopper, earthenware, oil (60,000), fruits, &c. ; bark, 50,000 ; dye- 
stuffs, 70,000 ; hemp, 50,000 ; cabinet woods, 30,000 ; rice, 20,000 ; 
tar, 20,000 ; turpentine, 20,000 ; &c. The railways at present do 
not carry more than a fourth of the traffic of the country, if bo 
much. 

The largest tonnages in 1847 were the following i — 

York and Newcastle . . 2,706,595 

Ballochney .. .. 1,746,339 

Midland .. .. 1,449,215 

London and North-Western ., 1,411,080 

Stockton and Darlington .. 1,127,058 

Withaw and Coltness .. 924,424 

Lancashire and Yorkshire .. 763,016 

Leeds and Thirsk .. .. 610,235 

North Union •• .. 548,813 , 

The total receipts for minerals and goods in 1847 were 2,600,000/., 
of which for minerals 750,000/. 

No. XXVI. — AVKRAGB RATE AND MILEAGE. 

It is of some importance for engineers to know the average dis- 
tance that each class of produce is carried, and the average receipt, 
which are far below what is believed. 


Passengers. — The average mileage of all the pAsaengers in 1847 was 16 
miles,* and the average receipt 2a. The average receipt on the London and 
North* Western is 4a ; Great Western, 4a. 9 d . ; Midland, 2a. Id . ; South- 
Eastern, la. 6 d . ; Brighton, 2a. 4 <L $ Eastern Counties, 3s. ; South-Western, 
3a. ; and Lancashire and Yorkshire, la. 4 d. 

Beasts. — The average receipt for beasts on the London and North-West- 
er a is 4 2d., miles 57 ; Eastern Counties, 68d., miles 75; Great Western, 34d., 
miles 45. 

Sheep. — London and North-Western, lOd. 70 miles ; Eastern Counties, 9 d. 
75 miles ; Great Western, 104. 66 miles. 

Swine. — London and North-Western, 18d. 120 miles; Eastern Counties, 
64. 58 miles ; Great Western, 124. 75 miles. 

Coale. — York and Newcastle, 164. ; Stockton and Darlington, 184. ; Mid- 
land, 274. ; London and North-Western, 204. 

Ironstone. — Ballochney, 94. ; Taff Vale, 284., 25 miles. 

Limestone and Lime. — Midland, 224.; Newcastle and Carlisle, 204. 16 
miles t York and North Midland, 144. 9 miles. 

Building Stone. — York and North Midland, 244. 24 miles; Midland, 204.*; 
Newcastle and Carlisle, 224. 

Sand. — Bodmin and Wadehridge, 24 4. 8 miles. 

FTlA— York and Newcastle, 21s. 50 miles; Norfolk, 13t. 68 miles 
Whitby and Pickering, 9#. 25 miles. 

Parcels. — Average of enumerated lines, 3*94. 

Horses. — Average of all lines, 16 s.— Carriages, ditto, 25«. 

No. XXVII.*— HORSE TRAFFIC. 

The total number of horses earned in 1847 was 99,405, and the 
total receipts 80,216/. 

The greatest horse traffics are the following 


London and North-Western 


Horses. 

27,715 

SB. 

22,890 

Great Western •• 


11,785 

12,373 

12,788 

Midland „ 


11,794 

Eastern Counties . • 


8,155 

6,084 

Brighton •• 


6,558 

4,901 

York and North Midland 


5,813 

2,613 

South-Western •• 


5,447 

4,335 

South-Eastern •• 


3,782 

3,576 

York and Newcastle 


3,456 

— 


The charge for horses per mile is, London and North-Western, 
34. ; Great Western, 5* id . ; Midland, 4*2 54. ; Eastern Counties, 
3-64. 

Many day-tickets are taken out for horses on the London and 
North-W estern and other lines, by persons going out hunting. 

No. XXVIII.— CARRIAGE TRAFFIC. 

The total number of carriages in 1847 was 41,135, and the total 
receipts 51,733/. The greatest traffics are as follows : — 


London and North-Western .. 

Caniagee. 

8,790 

£• 

12,785 

Great Western .. .. 

5,842 

9,452 

Midland .. ,. 

4,775 

6,892 

Eastern Counties.. 

3,266 

3,747 

Brighton 

3,040 

3,220 

South-Western .. .. 

2,904 

3,285 

South-Eastern .. .. 

2,458 

4,520 


The average charge per mile is, on the London and North- 
Western, 44. ; on the Great Western and Midland, 64. 

No. XXIX.— DOG TRAFFIC. 

Dogs are enumerated only in a few returns. The average rate 
per mile is id. The number carried in 1847 on the South Devon 
tine was 1,086, 34/.; on the Maryport and Carlisle 336, 51/. ; and 
on the Whitehaven, 230. 

No. XXX. — CARRYING-STOCK. 

The following is an enumeration of the carrying-stock of the 
London and North-Western Railway in 1848, suitalSe for special 
traffic: — Horse boxes, 210 (horses carried, 27,715); carriage 
trucks, 217 (carried 8,790) ; bullion vans, 9 ; post offices, 8 ; ditto 
tenders, 13 ; milk trucks (north division), 2 ; convict van, 1 ; cat- 
tle wagons, 495 (cattle, 161,171) ; sheep wagons, 117 (sheep car- 
ried, 399,998) ; coal wagons, 653 (440,000 tons) ; timber trucks, 
12 ; powder magazines, 4 ; iron trolleys, 4. 

No. XXXL— MANCHESTER AND SHEFFIELD. 

The following, communicated by the kindness of Mr. Meadows, 
secretary of the company, gives some particulars as to the traffic 
of the Manchester, Sheffield, and Lincolnshire Railway: — 

* See a valuable payer by Mr. Wyudham Harding, read before the Brltlah Association, 
at Swansea, and since re-published. 
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Analysis qf Merchandise Traffic. 


Date. 

Coal. 

8 to at. 

Sheffield 

Good*. 

Flour and 
Grain. 

General 

Good*. 

TataL 

1848. 

Majch 

April 

May 

Tons. 

12,334 

9.689 

8,673 

Ton*. 

6,176 

7,530 

8,561 

Ton*. 

1,791 

1,884 

2,262 

Ton*. 

1,159 

1,618 

2,663 

Ton*. 

5,550 

4,698 

5,443 

Torn. 

27,010 

25,419 

27,602 

Total . . 

30,696 

22,267 

5,937 

5,440 

15,691 

80,031 


REGISTER OF HEW FATEJCTS. 


GAS-METERS. 

Samvel Clegg, of 524, Regent-square, London, civil engineer, 
for “ certain improvement* in gas-meters. — Granted April 20 : En- 
rolled October 20, 1848. 

The patentee claims, in this invention, the dividing of the gas 
which passes through a meter into two Or more portions, and ascer- 
taming the whole quantity by measuring a part when under pres- 
sure, instead of measuring all the gas whichpasses through the meter. 
Another portion of the invention claimed as new, k the making of 
the inner circle of the drum of a water-meter water-tight, that 
being in water it may be buoyant, and prevent the weight of the 
drum from pressing upon the axis. The principle on which the 
first part of this invention depends, is the well known law, that 
the discharges of the same fluid through different openings at the 
same pressure are proportional to the areas of the openings. The 
arrangement of the apparatus is as follows : — The measuring-drum 
of a wet meter consists of a hollow concentrio ring and cover. 



The drum, revolving upon an axis in water, is divided into com- 
partments so arranged that, as the gas enters, it shall in succes- 
sion fill all the chambers, and be discharged measured. The inner 
circle c, c, of the drum is made water-tight, so that when the 
meter is filled to a certain level with water, the drum is buoyed 
up, and would nearly float if otherwise unsupported ; consequently, 
there is little or no motion upon the axis. Tne gas from the service 
enters the meter-case through the pipe k, and after passing a 
valve, — which, when the meter is sufficiently filled with water, k 
opened by a float in the usual way, — is divided into two streams, 
and flows through the pipes c and b', the latter stream being the 
one measured, and is discnarged so measured from the drum-cover 
by the pipe p, through the opening n. Now this discharge being 
known, tne quantity of gas that passes through the other opening 
m, is known also, and the sum of the two discharges k marked on 
the face of an index arranged in the usual way. 

To equalise the pressure, the following apparatus k used: » and 
h, are two hollow vessels connected with one another at their 
lower parts, open at the bottom, sealed by water, and free to 
vibrate about a common centre x ; v k a slide, covering the two 


openings m and ir. attached to the hood r, in such a manner that, 
as it rises or falls, it shall move the slide v, and open or dose 
these openings. The pipes a and b, lead into these vessels or 
hoods, and the gas discharged into them is of the same pressure 
as that which flows into the meter ; so that, if the regulating-hoods 
were of the same weight, and at equal distances on each side off 
the centre x, they would balance each other. Over the hood b* 
is fixed immoveably another and larger vessel g, open at the 
bottom and sealed by water, having communication witn the drum 
of the meter, or rather with the drum-cover at f. The openings 
m and n, adjusted by the movement of the hood h, are by its 
descent partially closed, and the pressure of the gas flowing 
through them k reduced by so much as exists between the gas 
flowing into the meter-drum through the pipe s', or the initial 

E ressure,— or that between the interior or exterior surfaces of the 
ood e, viz., one-tenth ; so that the gas now flows through both 
openings, m and if, with the same relative velocities, the dischargee 
being in proportion to their areas. 



Bupposing that the measuring-drum required a pressure of two- 
tenths head of water to work it, and that the initial pressure was 
four-tenths, the pressure in the cover of the drum and in the fixed 
hood g, will then be two-tenths. The gas will issue from the 
opening n, with a pressure also of two-tenths ; and the differences 
of pressure between the interior of the hoods e and h. and the 
exterior of the hood e, being two-tenths, the hood h, will have a 
descending power of two-tenths, and thus the velocities with which 
the gas issues through m and n, will be equalised ; and so for any 
other pressure, The same principle of measurement may be ap- 
plied to dry meters. 


TUBULAR FLUES. 

Thomas Potts, of Birmingham, brass tube maker, for a improve- 
ment* in the manufacture qf tubular flues qf locomotive and other steam- 
boilers.” — Granted April 10 ; Enrolled October 10, 1848. 

The object of this invention is to protect the flues of boilers, by 
lining them with a composition resembling that used for brazing. 
In forming this material, ten ounces of refined tin are added to a 
hundredweight of “ batn metal,” which is composed of two parts 
of foreign zinc and three parts of good copper. This compound 
metal is rolled and formed into a tubular shape of the size re- 
quired ; after which, the tubes are annealed and stretched, so as 
to straighten them and bring the edges correctly together. On 
each of these tubes is placed a tube formed of copper or an alloy 
of copper ; and the compound tube is nut on to a steel mandril, 
made with a taper of about one-sixteenth of an inch into its whole 
length, which not only facilitates the withdrawal of the mandril, 
but also gives additional thickness to that end of the tubular flue 
which is to be fixed to the fire-box of the steam-boiler. The com- 
pound tubes, each having a mandril within them, are then drawn 
through draw-plates. It is not necessary to solder together the 
edges of the inner tube, as it will be sufficiently strong without. 
The lining should be made twice as thick as the outer tube. 

The patentee claims the use of a lining of such a preparation 
of metal, for lining tubular flues of copper and of copper alloyed ; 
the object being to obtain a lining of metal which shall be less 
prejudicially acted on by the passage of sharp grit from the fire, 
than if the whole tube were made of copper or of copper alloyed. 
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AXLE-BOXES AND JOURNALS. 

William John Normanvjlle, of Park Village, Middlesex, 
gentleman, for “ certain improvements in railway or other carriages , 
partly consisting of new modes of constructing the axle-boxes and jour- 
nals of wheels ; also an improved method of lubricating the said jour- 
nals or other portions of machinery , by the introduction of aqueous , 
alkaline , oleaginous, or saponaceous solutions ! 1 — Granted May 2; 
Enrolled November 2 , 1848 . 

The claims of the patentee do not correspond in length with 
that of the title of the invention, as they are simply for a peculiar 
combination of various elastic and other materials with the axle- 
box and journal, for the purpose of rendering the lubrication of 
the journals of railway-wheels and other moving parts of ma- 
chinery more perfect ; and, secondly, for arrangements for enclos- 
ing the lubricator within a vessel, which shall contain it and ex- 
clude the dirt. In carrying into effect the first part of the 
invention, as regards the axle-boxes of railway-carriages, a shield 
or collar of vulcanised india-rubber, or other suitable elastic sub- 
stance, is made of the form shown in the engraving, marked A, A, 
and attached to the axle-box at its outer edge. This shield is per- 
forated in its centre ; such perforation being cut to a perfectly 
smooth surface, to allow the passage of the journal through it. 
The perforation is made of less diameter than the diameter of the 
journal, and by the tendency of the material of which the shield 
is made to collapse, it presses so closely to the journal, that an 
air-tight joint is maintained. 



The diameter of the perforation in the shield for a four-inch 
axle should be three inches and five-eighths, the outer diameter of 
the shield should be one-eighth of an inch les9 than the disc of the 
axle-box into which it is to fit, and it will then be found to com- 
pletely fill it. After having been stretched over the axle, the 
shield tapers from its centre to its outer edge. For the protection 
of the elastic shield, and behind it, is placed a thin cast-iron or 
other metal shield B (secured to the axle-box by four bolts) which 
being more or less tightened, presses upon the outer periphery of 
the elastic shield and occasions pressure as required to maintain 
the joint upon the axle. In adjusting this box upon the journal 
no more compression should be put upon the outer diameter of 
the elastic shield than is necessary to make an air-tight joint, 
otherwise there would be considerable risk of the shield firing’ 
before it could become properly lubricated. When by continued 
wear the air-tight joint can be no longer maintained, a loose ring 
of india-rubber, of the same diameter as the axle, and about a 
quarter of an inch in thickness, may be placed upon the axle. 
The original shield, whose orifice has become enlarged by wear, 
is then stretched upon this ring, and by its contractile force clasps 
it so tightly, that a perfect joint is maintained between the two 
surfaces of the india-rubber, while the axle revolves within the 
inner or loose ring ; and the operation of tightening by the means 
of the four bolts is repeated as required. Or by another modifi- 
cation of this arrangement, a metal ring is introduced in contact 
with the axle, using the contractile force of the india-rubber 
shield to keep the ring in close contact with the polished axle. 
These axle-boxes should be filled with a saponaceous grease in a 
semi-fluid state, so that it may flow towards the shield, and lubri- 
cate it without delay. The top of the axle is of a circular form, 
with a lid furnished with a small air-hole screwed thereon, and 
effectually closing the box. The grease is introduced through the 
aperture whenever required. 


MANUFACTURE OF WHEELS. 

John Ashbury, of Openshaw, near Manchester, for “certain im- 
provements in the construction and manufacture of wheels for use upon 
railways and common roads , and in the methods of preparing and 
constructing the tyres used thereon! "—Granted March, 11 ; Enrolled 
September 11 , 1848 . 

Fig. 1. in the annexed woodcuts is a side elevation and a lon- 
gitudinal section, showing the first part of the patentee’s inven- 
tion. 



Fig. 1. Fig. 2. 

The nave a is made of cast-iron, and presents the same appear- 
ance on each side, of the wheel, having six projec ting-arms a 1 , a\ 
with sufficient spaee between them transversely to admit of the 
insertion of the wooden pieces b , b . They are also divided in the 
same direction by the radial plates a 2 , a 2 , while the circumferen- 
tial portions a®, a\ are of equal breadth and extend transversely 
between them in the recess thus formed. On each side of the 
radial plates d\ «*, are placed one of the wooden pieces ft, ft, one 
side of each of which is prepared so as to abut upon the radial 
plates a\ a' 2 , and being furnished with a notch, by which the pro- 
jections of the circumferential plates o s , a\ are cleared, they im- 
pinge upon each other radially, till they reach the periphery of the 
wheel ; all lateral action being prevented by dowels, inserted be- 
tween them. The opposite sides of the pieces ft, ft, diverge slightly 
from the radial line ; and between them the wooden wedges d, d, 
which are prepared to a corresponding angle, are inserted, and 
driven on towards the nave. The pieces ft, ft ? are brought firmly 
into contact with the radial plates a 2 , a 2 , their escape outwardly 
being prevented by the plates a\ a 3 . When these wedges are 
driven up. they are secured to the nave by the bolts d \ d l , passing 
through tnem transversely, any lateral motion between them and 
the pieces ft, ft, being prevented by metal tongues. The wheel 
then appears like a disc of wood with an iron nave ; and in this 
state it is placed jn a lathe, and the periphery trimmed and turned 
to the required diameter. A wheel thus constructed, although 
without a tyre, could suffer no dismemberment until the removal 
of the bolts. The methods which the patentee employs for se- 
curing the tyres to the wheel, form the third and fourth series of 
improvements. The tyre / upon this wheel is slightly convex 
upon its inner circumference, and when it has been put upon the 
wheel in a heated state, and allowed to contract in cooling, this 
convexity enables it to assume and retain a more effectual hold 
upon the wooden portion of the periphery, than if its inner cir- 
cumference were a flat surface of the ordinary kind. The tyre is 
secured to the nave a by means of the bolts g , g. 

Fig. 2, is a front elevation and longitudinal section, illustrating 
the method of constructing the wheel according to another im- 
provement. p is the tyre, furnished with tw o inner flanges p\ p 2 , 
the space between which is equal to the thickness of the spokes 
r, r, transversely : this tyre, it must be understood, is laid down 
cold, and the spokes are then arranged in order within it, their 
motion laterally being prevented by flanges at a short distance 
from the point of abutment of the spokes. Upon the nave s they 
converge on each side in lines radiating to the centre of the w heel, 
or to some centre determined by practice as the most suitable, 
but in either case sufficiently to admit of the insertion of the 
wedges f, t , between them. These wedges are driven up by a 
tapering mandril and d)y other mandrils of increasing diameter 
successively until the effectual contact of the spokes with the 
inner circumference of the tyre and with the wedges is effected. 
The wheel is then placed in a lathe, and the ends of the spokes 
and wedges prepared for the reception of the nave, which may he 
of cast or wrought-iron. The nave is made in two equal parts, 
consisting of as many arms s\ s\ as there are wooden spokes to 
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the wheel; while the boss, or that part of each which is inserted 
in the wheel transversely, is made slightly tapering towards the 
other : the lugs or projections s 3 , which correspond with the 
number of wedges t, t , are made equally tapering, the heads of the 
wedges being cut away to receive them, and the recesses thus 
formed in the boss impinging upon the ends of the spokes. 
Whenever the bolts which secure the two portions of the nave 
with each other and to the spokes, are screwed up by the nuts, 
their action upon the surfaces of the boss of each portion of the 
nave causes the wedges to be driven up further between the spokes 
r, r, which are also brought into more effectual contact with the 
inner circumference of tne tyre, as a small space is left between 
the two portions of the nave in the middle of the wheel. In this 
wheel the tyre is shown attached by jagged spikes, one of which 
is driven into each spoke. 

The next improvement consists of a cast-iron wheel ; the nave 
from which the arms radiate, and the inner or cast-iron tyre, is 
formed in the usual manner, the outer tyre being made of wrought- 
iron. The arms of the wheel have a hollow opening or slot, extend- 
ing from the inner tyre to the nave ; down this opening the bolts 
which secure the outer tyre to the wheel, pass, and are held by 
cotters driven transversely through the nave, under the first 
series of improvements. One great advantage of this method is, 
that as the outer tyre becomes loose by continual wear, it can be 
tightened and held fast to the wheel by merely driving up the 
cotters, without involving the necessity of re-tyring the wheel; and 
this applies equally to wooden as to iron wheels. The fifth part 
of the improvements refers to a method of preparing, dressing, and 
finishing the outer surface of tyres for railway wheels, by grinding 
them with hard stone, instead of dressing them in the lathe 
in the ordinary manner. 


HEATING AND VENTILATION. 

John Bbittern, of Birmingham, machinist, for 11 certain im- 
provements in heating, lighting , ventilating , and closing and screwing 
the doors of apartments ; also in lighting and ventilating carriages ; 
parts of which improvements are applicable to other like purposes ? — 
Granted April 20 ; Enrolled October 20, 1848. 

This specification is so comprehensive, that we can only notice 
the principal objects which the invention is intended to accomplish. 
In the first place, the patentee claims a mode of closing fire- 
places or stoves with ground glass, introduced like panels into the 
iron frame. The door is placed in front of the fire, and is not 
hinged to the frame of the stove in the usual manner, but rests 
upon a sliding damper below the bottom of the fire ; thus by with- 
drawing the damper, the door is also withdrawn at the same time 
for the admission of air to the fire. The door is kept close to the 
frame at the top by means of a weighted latch. The second part 
of the invention relates to the ventilating of apartments. This 
the patentee proposes to do by closing up the fire-place by a door, 
and supplying the fire with air by means of a pipe from the top of 
the room. The pipe conveying the air is divided into two branches, 
one of which delivers the air above the fire directly into the chim- 
ney, and the other delivers it below the fire to aid the combustion 
of the fuel : it is provided with a valve or damper, by which the 
intensity of the fire can be regulated as required. Another part 
of the invention consists of a candle-guard to prevent candles from 
guttering. It is formed by a cap, which is placed upon the top of 
the candle, the upper part of tne cap forming a ring round the 
melted part of the tallow, and, as the candle burns away, the cap 
descends with it by its own weight. Improvements in the 
windows of carriages are comprised in this specification : the im- 
provements proposed consisting in having the windows to open 
outwards with hinges, like French windows of houses; and a pro- 
jecting roof to the carriage is proposed, for the purpose of avoiding 
drafts. The hinges and locks of doors come next within the scope 
of the patentees improvements. Among other alterations, he 
proposes to place the common arm-spring on the opposite side of 
the door to that on which it is usually placed. The two last parts 
of the invention relate to the latches and locks of doors. The 
patentee describes a variety of methods of effecting the lifting of 
the latch or other fastenings of doors, by simply pulling the door- 
knob on one side of the door, or by pushing in on the other. 
The pin or rod connecting the two knobs is so connected by levers 
or other apparatus to the latch or bolt, that any motion given to 
it will lift the latch. The last part consists in a mode of locking 
locks without the aid of the opening key. It consists in forming 


the pins upon the tumblers bevelled on one side, so that by simply 
ushing forward the bolt, by means of a small lever attached to a 
andle, the pins will be raised from their respective notches by 
their peculiar shape, and thus allow the bolt to pass ; but the ver- 
tical faces of the pins fully lock the bolt, and prevent its being 
forced back without the key. 


ROTARY STEAM-ENGINE. 

Isaiah Davies, of Birmingham, engineer, for “ improvements in 
steam-engines and locomotive-carriages ; parts of which are also ap- 
plicable to other maclUnery ? — Granted May 2 ; Enrolled November 
2, 1848. 

The improvements in steam-engines comprised in this specifica- 
tion have chiefly reference to rotary-engines, and to a new kind 
of stuffing-box adapted to the shafts of such engines, for the pur- 
pose of keeping them steam-tight, where the shafts pass through 
the curves, with little friction. The patentee u$es a metallic 
packing, which consists of several segments, the larger set of 
which are adapted to the size of the box, and are furnished with a 
flange piece projecting inwards so as to fit the shaft; while the 
inner set of segments are placed within, so as to rest on this flange 
piece : the whole are prevented turning by two fixed ribs running 
parallel with the shaft. These segments are cut so as to leave 
about one-eighth of an inch between the ends, and*are placed so as 
to “ break joint,” as it is technically termed. The whole are forced 
up by spiral springs, placed in recesses cast in the box : the steam 
has access to the back, and also acts as a spring thereto. Metal 
discs are placed above and below this packing, and the whole is 
secured in the usual manner. Another improvement consists in 
fitting the piston of rotary-engines to the shaft, by means of 
three feathers let into the shaft, instead of keying it fast. This 
is to prevent the piston turning on the shaft, and at the same time 
to admit of any slight end-movement consequent on its application 
as a motive-power, without giving rise to a great amount of 
friction, which would otherwise be produced in the cylinder. 
Another part of the invention consists in working the expansive- 
valves of steam-engines by a double-acting cam, so that by moving 
a lever, which changes the position of the different connections, 
the steam is cut off at a different point of the gtroke. 

The mode of connecting the engine in locomotive-carriages to 
the driving-wheels forms another part of the patentee's claims. 
The engine is placed midway between the wheels, within the 
framing. The axle projecting through has a suitable crank af- 
fixed at each end ; these being connected by the rods to similar 
cranks on the driving-axle, describing a circle of the proper 
radius from the centre. According to the ordinary method of 
constructing these carriages, (the engine being a fixture to the 
framing, and the driving-axle moving vertically in the axle-guards 
or gabs), the distance of the centres must be increased or dimin- 
ished, as the points are nearer or farther from a straight line : to 
prevent which, the patentee constructs the axle-guards in portions 
of circles, struck from the centres of the engine-shaft ana crank- 
pin ; consequently the axle-boxes are kept at the same distance, 
whatever may be the rise and fall of the framing on the driving- 
axles. 


LAYING-DOWN OF RAILS. 

Lewis Dunbar Brodie Gordon, of Abingdon-street, West- 
minster, for “an improvement or improvements in railways ? — 
Granted May 9 ; Enrolled November 9, 1848. 

The patentee puts in five claims for improvements in the con- 
struction of railways. The first is for forming the ends of rail* 
in such manner that the end of one shall rest upon the end of the 
next. Second, the adaptation of thin malleable plate-iron to form 
the sleepers for supporting the rails, combined with a mode of 
fastening the chairs to the sleepers. Third, a mode of support- 
ing the ends of adjoining rails by a trough or girder. Fourth, a 
mode of fastening the rails in the chairs. And lastly, a mode 
of preparing the keys of railway-chairs. 

The first of these improvements consists in forming the ends of 
the abutting rails in such manner, that the end of one of them 
shall rest upon the other ; the end of one rail being cut so that, 
when laid in the chair, it shall rest as well upon the end of the 
rail as upon the chair. In the second improvement, the patentee 


Digitized by t^ooQle 



1848.] 


THE CIVIL ENGINEER AND ARCHITECT’S JOURNAL. 


37 


states his mode of forming the sleeper as follows. The chair is 
cast upon the sleeper. A plate of iron of about 15 or 16 inches in 
width, and of from one-sixth to one- fourth of an inch in thick- 
ness, is then to be bent in the direction of its breadth into a circu- 
lar curve, having a radius of from about 30 to 36 inches as most 
desirable. The moulds for the chairs are placed in the fonndry in 
the exact relative position to each other that they should occupy 
when permanently laid, and upon them is placed the bent plate, 
with the convex side downwards to the moulds. The cast-iron is 
then run into the moulds, and in such manner as to imbed in the 
metal of the chair itself a portion of the curved plate ; the cast 
metal being of about the thickness of half an inch upon the upper 
side of the plate. Thus will the chair be securely cast upon the 
curved plate, and firmly fixed without any bolts or pins. In 
carrying into effect the third improvement, upon the sides of the 
chairs are projecting pieces or ledges, upon which the girder is 
placed. The one shown by the patentee in his drawings, is of a 
trough-shape, that is, it passes along beneath the rail to be sup- 
ported, ana also along the sides, so as effectually to support the 
rail. The mode of fastening the rails to the chair is effected by 
means of a screwed bolt passing through one of the cheeks of the 
chairs, and through a nut ; it is screwed through the nut, and not 
through the chair, the nut fitting into a recess on the inside of the 
cheek to receive it, and prevent it from turning when the pin is 
screwed up. In the fifth improvement, for the mode of preparing 
the wood keys, the patentee proceeds thus. He makes a varnish 
by oombining with any of the drying oil9 red lead, in the propor- 
tion of about VW 77 of the latter : these are to be subjected to 
heat for several hours, and while at the temperature of about 450° 
Fahrenheit, the wood keys are immersed therein, and the wood 
becomes thoroughly impregnated, so as to withstand the tendency 
of the dryness or moisture of the atmosphere to effect its bulk. 


MEASURING WATER. 

Edward Haigh, of Wakefield, plumber, and manager of the 
Wakefield Waterworks Company, for “an invention for measuring 
water or any other fluid,** — Granted May 9 ; Enrolled November 9, 
1848. 

This invention for measuring water or other liquids, consists of a 
wheel or drum, divided vertically by a partition, which contains 
on each side three measuring chambers. Above the drum is a 
u preparatory cistern,” into which the liquid flows from two feed- 
pipes, and wnich is divided into four parts. The water flows from 
this cistern in two streams into one of the measuring chambers on 
either side of the partition alternately ; so that while one chamber 
is filling, the liquid flows through the machine : but the gauge- 
cocks and other parts of the machine being so nicely adjusted, and 
its being made to register twice as much as is actually measured, 
no error it is stated can occur. This drum is mounted on a hori- 
zontal spindle, and carries at one end a toothed wheel which gears 
into a toothed pinion, and communicates its revolving motion to an 
ordinary indicating apparatus as usual. On the periphery of the 
vertical partition are six projecting pins (equal to the number of 
measuring chambers), which catch against and rest upon the extre- 
mity of a tumbling lever, which is weighted at the other end by 
a ball ; so that when the weight of the water in the measuring 
chamber exceeds that of the regulator, it gives way, allows the pin 
to fall, the chamber to turn, and the water consequently to flow out. 
The patentee claims — “ An apparatus or machine consisting of a 
‘preparatory cistern' in connection with a drum or wheel contain- 
ing two sets of measuring chambers, into which the water flows 
alternately from openings in the ‘ preparatory cistern,' and made 
to revolve by the liquid ; and also the employment of the tumbling- 
lever, or regulator, as before described. 


MANUFACTURE OF IRON. 

Charles Attwood, of Wolsingham, Durham, Esq., for a “ cer- 
tain improvement or improvement * in the manufacture of iron."— 
Granted April 18 ; Enrolled October 18, 1848. 

The object of this invention is to obtain a better reduction of 
small pieces of the ore which at present run through the coke, 
&c. to the bottom of the furnace, without having come sufficiently 
in contact with the limestone and other substances usually mixed 


with the ore in blast-furnaces. The small pieces of ore to be ope- 
rated on are mixed with a bituminous coal, which will agglutinate 
in the process of coking, in the proportion of about one-fourth of 
the weight of the coal. The mass so mixed is afterwards coked in 
the ordinary way of coking coal for smelting purposes, and the ore 
becomes involved in the body of the coke, by which it is retained, 
till freed, by the subsequent process of smelting. Ore so combined 
cannot fall through the blast furnace faster than the coke with 
which it is combined ; it will therefore have abundance of time 
to combine with carbon to the required extent, before it reaches 
the bottom of the furnace. With regard to the size of the parti- 
cles of ore that will be benefited by such treatment, anything 
from the size of a hen's egg or large walnut, down to the smallest 
particles of dust, it will be proper to subject to such combination 
with coal previous to coking ; but anything materially larger, it 
would be unnecessary to subject to such treatment, as it becomes 
properly reduced in the ordinary method of smelting iron. 

The patentee finds that coke formed of the kind of coal found 
in Durham and Northumberland will, after having been coked 
and combined with one quarter of its weight of ore, bear a burden 
of ore, in the ordinary manner of charging the blast furnace, 
equal to the same weight of coke without such combination of 
iron ore ; it therefore becomes improved to a veiy considerable 
degree, independently of the advantage derived from a proper 
reduction of the smaller particles of ore effected by this process. 


SELF-ACTING SAFETY-VALVE. 

Edward Walmsley, of Heaton Norris, Lancashire, cotton 
spinner, for “ certain improved apparatus for preventing the explosion 
of steam-boilers.** — Granted April 27 ; Enrolled October 27, 1848. 

This invention is chiefly applicable to low-pressure boilers, the 
safety-valves of which are lifted, when the pressure becomes too 
great, by a weight of water forced out of the boiler and acting at 
the end of a lever. 

This apparatus consists of a vertical tube, containing a column 
of water, which may be the ordinary feed-head. In this the water 
is sustained at a certain height, according to the pressure of the 
steam. A little higher than the surface of the water is placed a 
horizontal branch-pipe, leading to a descending-tube, down which 
the water flows when forced over by any undue pressure in the 
.wiler. Immediately under the descending pipe is placed a small 
circular pan with a bottom slightly conical, suspended on the end 
of a long lever. This lever forms a continuation of the safety- 
valve lever from the fulcrum in an opposite direction to the 
weighted end, and is so adjusted, that when the pressure of 
the steam is at the proper height, it will be nearly in equilibrium, 
the preponderance being slightly in favour of the weighted end of 
the lever. When the pressure becomes too high, the water 
column will be elevated so as to run down the pipe, and will be 
caught in the pan. This additional weight of water causes that 
end of the lever to preponderate, which will immediately descend, 
thereby raising the safety-valve. The pan is furnished with a 
small valve in the bottom, having a short stem projecting through, 
so that on completing its descent this pin comes in contact with the 
bottom of a receiver, thus raising the valve and allowing the water 
to flow out. The steam in the mean time having been reduced to 
its ordinary pressure, the whole assumes its original position. 

A second improvement consists of an apparatus for opening a 
valve in a channel leading into the fire-place, directly above the 
dead plate. The cover of this channel is connected with the op- 
posite end of a lever from which the float is suspended. In the 
event of the water falling below the proper level in the boiler, the 
float will consequently sink, thereby causing the opposite end of 
the lever to remove the cover from the air-channel, and allow a 
current of cold air to pass through the fire. The same principle 
is scarcely applicable to high-pressure boilers, because the 
column of water would require to be inconveniently high. To 
obviate this difficulty, the patentee employs only a short length of 
vertical tube, through which however the water does not rise 
until the safety-valve has been raised by the pressure of the 
steam ; the weight of water being in this case only a supplemental 
assistant in opening the valve farther after it has been raised by 
the steam-pressure. 
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COUPLING IRONS. 

Daniel Rice Pratt, of Worcester, United States of America, 
for u machinery for connecting railway carriages ” — Granted April 
27 ; Enrolled October 27, 1848. 

This specification describes a mode of constructing what the 
patentee calls a self-acting coupling, for connecting together 
railway carriages. The object to be effected by the use of it is, 
that when two carriages to which it is applied are brought toge- 
ther, end to end, the coupling connects and secures itself. It is 
formed of a moveable and peculiarly-shaped hook, to which the 
draw-link attaches itself. It is represented in the annexed figure, 



A, A', being the two ends of the draw-bars of two separate car- 
riages. The ends of the draw-bars are provided with the concave 
buffing-plate B, B' ; a hole passes through the centre of each 
buffing-plate and into the ends of the draw-bars, through which 
passes the coupling-link C. Hooks D, O', are jointed to the draw- 
bars by fulcrum-pins, upon which the hooks are at liberty to move. 
They are of the peculiar shape shown, and the ends so formed, 
that when the end of the coupling-link passes through the hole 
into the interior of the draw-bar, it comes against the end hook 
I>", and thereby raises it sufficiently to allow the end of the 
coupling-link to pass under the end of it ; so soon, however, as 
the end of the link has thus passed, it comes in contact with the 
other end D"' of the hook, and depresses it, and also the other 
end D" takes hold of the link and retains it fast. The hook may 
be released by means of a cord or chain attached to the upper 
part of it being pulled, and thereby raised. The patentee states, 
his improvement may be attached to all descriptions of railway 
carriages, whether with or without spring- buffers and draw-rods ; 
and he claims the hook, in conjunction with the coupling-link 
described. — Patent Journal . 


THE BLAST OF ENGINE- FURNACES. 

Eugene Ablon, of Panton-street, Haymarket, for “ improvements 
in increasing the dra ft in chimneys of locomotive and other engines ." — 
Granted April 8 ; Enrolled October 8, 1848. 

The object of this invention is to produce a steady draft or 
blast in the furnaces of locomotive engines more particularly, by 
causing a quantity of atmospheric air to be drawn into the chimney 
by the action ot the escape-steam. In the annexed woodcut, 



c c, c, represents the form of the pipe by which the air is admitted 
into the chimney, the mouth d being enlarged for the entrance of 
the air. The following are the proportions of the pipe, to which 
considerable importance is attacned by the patentee : — The open- 


ing of the escape-pipe being circular, to ascertain its surface and 
its diameter it is necessary to measure the size of one of the 
cylinders of the engines of the locomotive in cubic inches, and by 
deducting the cube of the piston (measured in the same way) the 
number of cubical inches remaining being divided by three nun- 
dred and ninety-four, the quotient of that division will indicate 
the number of square inches that the opening of the escape-pipe 
should have. The diameter of the opening of the escape-pipe 
is to the diameter of the cylindrical part as four is to five. The 
height b\ b'\ of that cylindrical part is equal to five times the 
diameter b' d". The’ diameter b\ d\ of the part h 8 , is to the 
diameter of the part e, e, as five is to seven, and its height 
b, d\ is equal to tne diameter 6, 6, of the opening of the escape- 
pipe k. The locomotive-engine being put into motion, the steam 
from the boiler passes through the escape-pipe a, and produces in 
it a powerful suction of air, which flows into that pipe through its 
mouth d ; and its acquired speed, it is stated, remains in it constant 
on account of its inertia, and although the action of the escape of 
steam be intermittent. Then a powerful current of air mixed 
with steam escapes in the chimney, and produces a powerful un- 
interrupted draft. The pipe through which the air passes may be 
arranged in any other form around the chimney, and may enter 
into the smoke-box by one of its lateral sides instead of entering 
by the front. The patentee claims the mode of arranging appa- 
ratus whereby currents of steam and air are brought to act toge- 
ther in the chimneys of locomotive and other engines, so as to 
accelerate the draft therein. 


IMPROVEMENTS IN SEWERS. 

Design for a Diaphragm Double Sewer, for separating or combining 
House-drainage and Surface-drainage . — Registered by W. B. Mof- 
fatt, Esq., of Spring-gardens. 

The annexed engraving represents a design for a main sewer, 
the novelty of which consists in forming it in two separate cham- 
bers, the upper or larger portion A forming a subway for means 
of access to the lower sewer B, and house-drains E, E, and also 
for the passage of surface-water from inlets D, D. It may also be 
used for electric telegraph, gas, or water pipes, so as to prevent 
the breaking up of the pavement. A tube may also be inserted 
above the level of the inlet D, for placing service-water or gas- 
pipes to houses, &c. 



The engraving represents a transverse vertical section of a 
sewer constructed on the principle described, showing the dia- 
phragm and trap. 

A, the subway. B, the main sewer, which is separated by the 
diaphragm C. This diaphragm is continued throughout the entire 
length of the sewer, but has inserted at intervals a moveable trap 
F, which may be raised for cleaning the house-drains and main 
sewer, if required, and may be used for flushing with surface 
water. E, E, inlet for house-drainage. D, D, inlet for surface- 
drainage. 

Protection has been obtained for the diaphragm C, and trap F, 
which, together with the separate passages A, B, are new, as ap- 
plied in the manner herein shown. — Patent Journal, 
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JOINTING CLAMP. 

Jointing and Compressing Screw Cramp . — Patented by Mr. James 
Kimberley, of Inge-street, Birmingham. 



The accompanying engraving fully explains the nature of an 
ingenious clamp, to be applied for jointing of floors, &c. Its con- 
struction is extremely simple, and its power great, and it can be 
easily fixed and removed. It is applicable in all cases where two 
bodies require a fixity and perfect union, and in the laying of 
floors it compresses the boards very gradually and truly together. 
It does not require the workman to rise off his knees when using 
it (as in all former ones) to effect a leverage, one progressive and 
uninterrupted motion only being wanted; moreover, it can be left, 
with its fall pressure upon its work when necessary, unattended, 
and with perfect safety. Amongst builders, shipwrights, coach- 
makers, and others, a cramp to improve upon the ponderous and 
tedious action of the present kinds in use, nas been an object long 
looked for, and the one described appears to be an invention which 
will prove a great auxiliary to the working department of every 
one engaged in the above pursuits, — as multiplying power, re- 
ducing labour, and increasing dispatch. It is contrived in but 
few parts, and breakage or derangement appears impossible. The 
cost of the instrument is two guineas. 


NEW LEVER VICE. 

The accompanying cut and description will explain the principle 
of a new lever vice, patented by Messrs. J. Peck and L. Pardee, 
of the United States. The following qualities, it is claimed, give 
it a decided superiority over all over vices : — 



Greater strength than any other vice of equal weight possesses. 
Greater power, and so applied as to save, in work requiring fre- 
quent changes, at least one hour in ten, as it is worked entirely by 
the foot, without the necessity of laying down a file, or other tool, 
or without any use of the hand, whatever. It can be changed to 
receive work from one-sixteenth of an inch, to eight or ten inches 
in width, as easily and as quickly as any other vice can be moved 
one-foutth of an inch. And heavy work, requiring both hands to 


lift, can be easily placed in the vice, without calling the assistance 
of a second man ; it will soon pay for itself in saving of time. It 
is much easier for the labourer, tne strain upon the breast in turn- 
ing up a screw is entirely avoided, and the vice can be closely ap- 
proached without being obliged to bend the body over the end of 
the screw, as in other vices. When the vice is forced up, it be- 
comes more firmly attached to the bench than any other vice can 
be, rendering the whole much more solid, which in chipping, and 
other heavy work, is very desirable. 

a, sliding jaw. b, jointed, or swinging jaw. c, rail on which the 
sliding jaw moves, d, click which catches in ratchet on rail c, and 
holds the sliding jaw firmly where placed, a, jointed lever (elbow 
joint), which turns on pins e e, and is attached to prong of rail e, 
and the lower end of the swinging jaw. g , foot-fever with joint 
attached to leg of bench, and connected by rod t with jointed 
lever. A, click which catches in ratchet at the foot of the forward 
bench leg, and holds the jaws firmly as forced up by the combined 
levers; it is easily tripped with the foot, /is a spiral spring 
which lifts the foot-lever, and throws open the jaw. 


THE GREAT AMALGAMATION. 

The great amalgamation of the three companies, the London 
and North-Western Railway, the Great Western Railway, and the 
South-Western Railway, is attracting the attention not only of 
railway men, but of the public at large. Considered as an amal- 
gamation of fifty millions of capital, it is certainly the largest 
financial operation of the kind yet effected. The capital of the 
Bank of England is not a third part of that of the Great Amalga- 
mation ; the union of the two East India Companies, which re- 
sulted in that which now exists, was not equal in importance ; the 
South Sea Company did not propose to touch so large an amount 
of capital. Abroad no example is to be found of a private enter- 
prise so great. Yet, considered in its individual features, the 
measure does not bear that unprecedented character. The an- 
nexation of the Great Western to the London and North- 
Western, is not greater than the annexation of the Grand Junction 
to the London and Birmingham ; and the annexation of the South- 
Western is of still less importance. It is therefore the aggregate 
to be constituted which gives character to the measure. 

To hold forth any certain views with regard to the course likely 
to be followed by the managers of this system of policy is in so 
far futile, as it is by no means sure that they have a design of 
ultimately carrying it out in good faith. When we consider what 
temporary objects the proposition of such a plan is calculated to 
serve, regardless of its execution, it is prudent to hesitate before 
we assume too hastily how it will be carried out. If we recollect 
that there is no compulsion on one of the chief members of the 
league (namely, the Great Western,) to amalgamate ; if we recol- 
lect that a purposed contest has been long carried on, and has ended 
in the achievement of the objects by the party last-named ; when we 
consider the ambition of their views, and the indisposition of the 
London and North-Western shareholders towards them, we must 
feel how uncertain is it, so far as the parties themselves are con- 
cerned, whether they will persevere, — and still more uncertain, 
whether they will be allowed by the legislature, in opposition to 
the public voice and interests, to carry out the measure in the 
form in which the several boards may settle it with each other. 

It happens (not unexpectedly to those who know anything of 
the parties) that the avowed object of this league is to raise fares, 
and constitute a monopoly ; and no time could be more unluckily 
chosen for the promotion of such designs. Three years ago, the 
high-fare party were beaten by the conclusive evidence of fact9, 
and forced to give way to a policy which gained neither their con- 
viction nor their sympathies. And as they have ever since been on 
the look-out for the opportunity of reverting to their old course, 
the moment a decline took place in railway dividends, it was 
instantly asserted that it was owing to the lower fares and in- 
creased accommodation : and the directors, seconded by the sym- 

athies of shareholders of their own school, have lost no time in 

oing away with the day-tickets, raising the fares, and diminishing 
the number of trains, — and this is but the beginning. 

It has not been asked, what were the reasons which led to the 
adoption of the low-fare system, — it is quite forgotten that it was 
the experience of its success which was the cause of its adoption; and 
some inquiry it would be thought might be made, before its abandon- 
ment was determined on. At any rate, while the country was in its 


Digitized by t^ooQle 




an 


THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 


[December, 


ordinary state, the low-fare system was fully competent to give good 
dividends ; and it is therefore quite groundless to assert that it has 
ceased to be able to do so, or that it is the cause of lower dividends. 
No one ever supposed or asserted that that system was competent 
to give a maximum dividend, irrespective of all other causes ; and 
still less that the low-fare system, or the high-fare system, or any 
system, could give the same amount of dividend, in defiance of the 
depression resulting from the greatest financial and political crisis 
which the world has yet seen, — and (if we take into account the 
failure of the grain, potato, cotton, sugar, and other crops, and the 
prevalence of cholera, influenza) and the greatest physical crisis. 

If we were to sit down and estimate before-hand what would 
be the results of such a crisis, we surely could not be surprised 
at a falling off of dividends from ten to seven per cent. ; and if 
we had a fore-knowledge of such a crisis, we should be able to 
decide that there must be a falling-off in the business of the 
country, such as after-knowledge proves. This is a truism : and 
it is perfectly idle to charge the diminution of revenue on the 
fare system. That there has been a diminution consequent on the 
opening of a great number of branches, we believe ; but that is to 
a great extent a necessary evil, and is temporary in its operation ; 
at all events, the public are not to suffer. Those gentlemen 
who were very anxious for “calves” and new shares in 1845, and 
who pocketed the premiums upon them, are not to turn round in 
1848, and make the public pay, because their branches are not yet 
yielding the full ten per cent. At the same time we believe, as 
said in some letters in the Morning Herald on “Railway Legislation 
and Railway Administration,”* that the uniform fares have pressed 
heavily on some of the branch lines ; for with a new ana unde- 
veloped traffic, an absolutely low-fare is of no good; because it has 
no effect in diverting the old traffic on to the line of railway, and 
which time is the chief agent in effecting. A reduction in fares 
will stimulate a traffic already existing, but has not such great 
effect in diverting traffic from accustomed routes, and in overcom- 
ing the prejudices of old women and obstinate men. The remedy 
proposed for this is a practical one ; and that is, to give the Rail- 
way Board the power of allowing alterations in the tariffs of fares 
beneficial to the companies and to the public. The writer just 
named has pointed out that, so far from fares being raised, they 
might, if the companies had the power, be beneficially lowered to 
many of the great towns and places of chief resort ; whereby the 
revenues of the companies would be much increased. A Railway 
Board, to be good for anything, should have the power of miti- 
gating those regulations which press harshly on the publicand the 
companies : and, as the writer in question has shown, there is great 
room for the exercise of such discretionary functions in the case 
of amalgamations, loans, new stations, fares, preference shares, 
and many minor arrangements for which the expense and delay of 
an act of parliament is now needlessly required. 

If, every time there is a commercial panic, the business and 
energies of the country are to be still further depressed by the 
railways putting the screw on to the means of conveyance, the 
public will find the need of ridding themselves of such an oppres- 
sion ; and an additional argument will be furnished for taking 
railways into the hands of the government. 

Altogether, the policy of abridging the public accommodation is 
as odious as it is unprofitable, but it is held by a certain school who 
are amongst the worst enemies the railway system has ever had. 
Mr. Glyn has always advocated monopoly, high fares, and govern- 
ment meddling; and his brother chairmen have much the same 
views. They have already met severe rebuffs in the narrow policy 
to which they are attached; but in the present instance failure is 
sure to attend them, whether successful or unsuccessful in carrying 
a bill through parliament. The public are fully aware of the mo- 
tives on which it is founded ; and either a bill will be granted, ac- 
companied by such stipulations as permanently to reduce the income 
of the companies, or free competition in railways will be allowed, 
the result of which will be, at an early date, a cheap line betweeu 
London and Birmingham. One railway man already talks of a line 
at £5,000 per mile ; and it is practicable. In either case the ex- 
pectations of the shareholders will be greviously deceived; and 
therefore we say, failure must result. 

Mr. Glyn is himself one of the authors of the present difficulties, 
for it was he who advocated the limitation of dividends to ten per 
cent., and its enactment by the legislature ; a measure uncalled for 
and injudicious, for while it did not propitiate those who objected 
to railway profits, it trammelled the companies. While there are 
famines and panics, traffic must fluctuate, — and therefore profits 
must fluctuate. While the object is to declare a maximum divi- 

Lettera by “ Observer,” Tewkesbury, October, 1848* 


dend of ten per cent., there are no means of forming a reserve to 
equalize the dividends ; but, were there no restriction, profits above 
ten per cent, would be reserved to keep up the dividends in un- 
favourable years. This is now rendered impossible, whereby very 
great hardships are inflicted on railway shareholders. The least 
that should have been given is an average ten per cent, from the 
time of opening. 

The railway system is yet in its infancy ; and nothing can be 
more unwise than the constant efforts to shackle it and to cramp 
it; and the more directors attempt to do so, the more they peril 
the existence of the undertakings to which they belong. Inte- 
rested and prejudiced parties may choose to assert that nothing 
more can be done ; but whoever looks at the history of the last 
twenty years will never dare to tie himself down to any such con- 
ditions. It is the very result of improvement, that it allows fur- 
ther improvements to be made. It would never answer to make a 
machine for half a dozen pins ; but when thousands are wanted 
machines are set up. A great traffic makes expensive engines 
cheap ; a high speed authorises those means which were before un- 
thought of. After all, dare any one say that engines cannot be 
made lighter, rails cheaper, bridges and viaducts of readier con- 
struction, and gradients of greater inclination ? The claimants to 
effect these things — nay, who are now doing them, — are already at 
the doors ; the minds of thousands of ingenious men are at work 
in inventing new and cheaper modes of traction ; the resources of 
science area aily becoming greater ; and, since light and electricity 
have been enlisted among the servants of man, a new impulse has 
been given to the applications of art. 

The demand for a monopoly forcibly recalls all the evils of our 
present system of legislation on public works. The Morisonian 
and Doctrinaire calls out for a government system of railways, and 
relies on the Amalgamationists to prove his case : those who advo- 
cate freedom in public works equally profit by the same circum- 
stances. Conviction is gaining ground, even among the railway 
press, who have hitherto been staunch advocates of the old com- 
panies, and opposed the introduction of new ones. HerapatKs 
Journal * very well points out, that in the district of the Great 
Amalgamation there is room for thrice or four-fold the number of 
railways. And urges that the monopolists will neither make them 
themselves nor allow others to make them. It should be added, 
neither will the government make them, should it get hold of the 
railways ; and thus the progress of the country in its struggle with 
manufacturing and commercial rivals may be irretrievably impeded ; 
for if we stand still, other countries will not ; and as it is, we are 
already too much fettered. Nothing short of freedom in the con- 
struction of public works can secure us against high charges or in- 
adequate accommodation ; and let us have but that freedom, and the 
Great Amalgamation may be allowed to charge whatever fares they 
like. It is not true that competition in railways cannot exist : the 
question has never been carefully discussed ; for the railway parties 
who have discussed it have thought themselves bound to monopoly. 
Till the poorer classes of this country can be conveyed on suitable 
terms, we shall not have reached the limits of fair accommoda- 
tion ; and we want thousands of miles of railway to do this. In 
another part of this journal it is shown that the traffic of the ex- 
isting railways is but a fraction of the whole traffic of the country : 
indeed, the extension of the means of economical conveyance is 
most urgent. 

When the Amalgamation Bill comes to be discussed in parlia- 
ment, it is very likely its supporters may be little inclined to go on 
with it. Their strength in the House of Commons is great ; but 
the exposure of the discussion will of itself be a severe shock, 
while tne possible political operations are menacing. To a large 
party in the house a tempting opportunity is offered, of gratifying 
the people at the expense of the shareholders ; cheap travelling 
will save the members from putting taxation on a fair basis, or 
giving the people a share in the government, The Cheap Travel- 
ling Bill will be the measure of the session ; members may look 
their constituents in the face, and say they have done something ; 
and the character of the Do-nothing Parliament will be retrieved. 
The temptation to the government is very sore : financial reforms 
deprive tnem of patronage in the customs, dockyards, and excise * 
and taking possession of the Great Railway Amalgamation will 
give them compensation, without alarming the opponents of patron- 
age and prerogative, and to the gratification of those who think 
that the government should have legitimate means of securing a 
majority. Neither Whi^s nor Tories can withstand such a chance, 
in which both have an interest,— one contingent, the other im- 
mediate. 

• Not. 18. ' ~ 
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The catastrophe of a government-purchase Mr. Glyn may anti- 
cipate, and may have laid this tTap to effect, for he has always 
been a consistent supporter of such a course ; but these are rather 
dangerous times in which to try such strokes of policy. If a sop 
must be given to the people, railways will be sacrificed here, as in 
France the provisional government proposed they should be, 
under the amiable desire to gratify the people at the expense of 
anybody. And English capitalists have already much suffered, 
although the whole measure has not been carried out. 

The position of the Great Western Railway under its shrewd 
leader, Mr. Saunders, is the great element in the problem. He 
has succeeded in getting the means of coercing the London and 
North-Western after hard fighting; and he is not likely now to 
rate peace so highly as to give up for it the fruits of victory, 
which offer themselves to his hands. What, too, is to be done 
with the broad gauge ? After all the service it has done to the 
public, is it to be set aside ? What compensation are the Great 
Western to get for their varied claims? These are all questions 
to be solved, and to be solved satisfactorily in a pecuniary sense, 
or it is very certain amalgamation will not go on. Mr. Saunders 
has fought to get something, and he will have it. 

Mr. Glyn s motives in bringing about the amalgamation are ap- 
preciable. He effected that with the Grand Junction — he stayed 
the dissension : and to carry out a further amalgamation, and to 
appease a most dangerous competition are still greater measures. 
Can he pay the price ? His shareholders have for years been plied 
with the most rancorous insinuations by the narrow-gauge advo- 
cates ; and will they in this day accede to those terms, without 
which the Great Western will not give up their vantage-ground. 
The South-W estern directors and shareholders are glad to snap at 
anything; but the Old Grand Junction shareholders, and the share- 
holders in the Liverpool and Manchester Railways, (who have had 
their dividends cut down), are notlikely to hear calmly any propo- 
sition for giving high terms to a company which they have been 
taught to believe is overcharged with liabilities, paying dividends 
out of capital, and pursuing a ruinous system of management. 
These falsehoods have been widely propagated, and have been 
countenanced by those who ought to have known better. Now 
they will reap the fruits of falsehood. The narrow-gauge partisans, 
editors, and pamphleteers, will find it hard to make the shareholders 
believe a new tale, after what they have heard for years. 

It seems to have been left out of account by most parties, that 
the amalgamation will result in an increase of income and economy 
of expenditure ; affording a surplus fund which under a liberal 
system would go partly to extend public accommodation, but 
which in the present case will be divided between the three par- 
ties to the amalgamation. This is the point for negotiation. The 
Great Western may say, “ Without us this amalgamation cannot 
be carried out, and therefore it is fair we should have the larger 
share and as this is true, they are not obliged to accede to a 
division in proportion to capital, and the greediness of the others 
must give way. 

So far as we regard the public interests, we are most heartily 
glad that this measure has been proposed ; for we are convinced 
that the ultimate result must be for the public benefit, notwith- 
standing what directors may believe. The fatter may plume them- 
selves that they have secured dear fares ; but we do not fear that 
we shall have not only cheap fares, but cheaper fares and greater 
accommodation. Discussion must do good ; and discussion will 
now take place on a wider and more liberal basis than it has here- 
tofore done. 

What the end of the bill will be no one can say ; but meanwhile 
the shareholders will have something to think of, and something to 
talk of at the meetings; and the directors will have time to look about 
them. The Times and Punch have got a good cause ; the public will 
get excited ; and the bill may be postponed till another session, — or 
may get into parliament, and the whole basis of railway legislation 
be upset. 


Ships without Keels .— Captain lean Napoleon Zerman, of the French 
navy, hat recently taken out a patent in tbia country for the construction 
of ships without keels. His ships are to be flat-bottomed; and through the 
vessel, from stem to stern, there is to be an opening or trough ; the sice 
being about the width of one-third the greatest breadth of beam of the 
vessel, and the height so much as just to he above the low-water line. The 
patentee states his object to be, in adopting this mode of construction, en- 
abling the vessel to draw less water, and take a greater hold of the water. 
The vessels are so constructed as to go each way, and arc to have a rudder at 
each end. 


REVIEWS. 


Theoretical and Practical Mechanics , designed principally for Prac- 
tical Men. By James Hank, A.I.C.E., Mathematical Master of 
King's College School, London. Weale, 1848, 8vo.; p p.324. 

We are scarcely in the position to review a book written by 
Mr. Hann as impartial critics. A pre-disposition in favour of his 
new work, arising from a strong impression of the merits of those 
which preceded it, will be admitted by the reader to be, within 
certain limits, a fair ground of criticism. But we have other 
motives for a partial verdict, besides those patent to all who have 
read Mr. Hann's former publications. The extraordinary zeal 
which prompted him to the study of mechanical and mathematical 
science — the sacrifices which he has offered to his favourite science 
— these are considerations, derived from personal knowledge, which 
cause admiration, mingled with something like surprise. We are 
too much accustomed to think that academic discipline is almost 
indispensable for the attainment of that severe precision of thought 
and language which is pre-eminently required in mathematical 
studies. Here, however, those studies have been pursued in far 
other scenes than the seclusion of a college, and with far other 
means than the appliances of the professor’s lecture, the tutor* s 
private instruction, the discussion with contemporary students, 
and the powerful stimulus of a university examination. 

In Mr. Hann's work we occasionally meet with definitions and 
expressions which seem to lack the precision of our accus- 
tomed class-books. Our author in these cases, is not always, as it 
appears to us, uninfluenced by impressions derived from the works 
of inferior writers. — men who address themselves to practical en- 
gineers, and have been too long deemed mathematicians because 
they use mathematical symbols. But if Mr. Hann and ourselves 
be at issue respecting the value of the class of authors referred to, 
this, at least, we concede— that if he sometimes boirow from such 
books their unscientific phrases, he does not borrow their blunders 
in the conception and application of principles. In turning over 
English books on engineering and analogous subjects, we usually 
adopt a rule, derived from vexatious experience, never to trust to 
the result of a single investigation till after having worked it over 
again for ourselves. In looking over the pages of this book we 
do nothing of the kind ; we do not expect to find at every turn an 
error of principle. On the contrary, we have not yet found but 
one result which we are disposed to dispute : this occurs at page 
205. 

44 Suppose, by measurement, it be found that a man-of-war, with its ord- 
nance, rigging, and appointments, sink so deep as to displace 1,300 tons of 
sea-water, — what is the whole weight of the ship, supposing a cubic inch of 
sea-water to weigh *5949 of an ounce avoirdupois ? 

44 The weight of the water displaced is equal to the weight of the ship. 
216 gallons = 1 ton. 1300 x 216 = 280,800 gallons; and if we take 
277*2738 cubic inches to the gallon, then 280,800 x 277*2738 = 
778,584 ; 83*04 cubic inches ; and this multiplied by *5949 gives 
463,180, 11*5367 ounces = 1292*35 tons, the weight of the ship.” 

Surely there is an error in this passage. If the displacement of 
the ship be 1,300 tons, it will weigh 1,300 tons — not an ounce, not 
the millionth-part of a grain, more or less. Here, however, with- 
out any apparent reason, the displacement is reduced from tons 
to cubic inches, and then brought back again to tons; and the 
several multiplications with decimals account for the eight tons 
lost in this unnecessary process. The error is, however, evidently 
accidental. 

About one-third of Mr. Hann's work is devoted to the theory of 
statics ; and considering the class of readers for whom his work is 
intended, he has acted judiciously in avoiding, as far as possible, 
complicated mathematical operations. W e wish that it could have 
been found practicable to substitute arithmetical methods for the 
somewhat difficult analysis which occurs in the subsequent pages. 
The chapter upon Revetements f p. 209-223), for example, consists 
almost entirely of mathematical symbols, and is not, therefore, 
likely to have much practical utility. Besides, we have strong 
doubts whether any system of theoretical computation will express 
even approximately the pressure of earth upon sustaining walls. 
Coulomb's idea of the wea^e of maximum pressure is, in a scien- 
tific view, extremely beautiful ; but in practice many things con- 
cur to vitiate all deductions from the theory. In railway cuttings, 
stratified formations which dip to the horizon will be liable to 
slide forward where the inclination is towards the face of the cut- 
ting ; and when the inclination is in the reverse direction, the strata 
may sustain each other by their mutual action. In this way it will 
happen that, in. a railway cutting through inclined strata, the 
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right-hand bank may require the support of a strong revetement 
wall, while the left-hand bank is able to support itself. Again, the 
effects of ramming or binding the earth of an embankment, and of 
imperfect drainage, &c>, altogether vitiate mathematical formulae. 

vVe do not insist upon this point to the disadvantage of Mr. 
Harm's book, but as a general truth. It might be extended to 
another important subject — the theory of the Arch. There also we 
are satisfied that practice and modern theory are widely at variance. 
Petit and Gariders tables (p. 244-6) may be correct abstractedly ; 
but we imagine that it would be difficult to point out one actually 
existing structure for which they would indicate even approxi- 
mately correct results. There do not exist any of those “arches 
with parallel extrados,” and “arches with horizontal extrados," 
for which the tables are computed. Real bridges and arches are 
not the homogeneous uniform structures here supposed : on the 
contrary, they are composed of materials of very variable specific 
gravities ; the voussoirs may be of granite or Portland stone, the 
spandrils may be either filled in with solid rubble, or partly occu- 
pied by abutting or inverted arches, and the roadway and parapet 
may be composed of materials still more heterogenous. No ge- 
neral formulas will meet such cases. If there be any instances 
where Petit and Garidel's tables (founded on the assumption that 
all the materials of the arch are homogeneous, and uniformly 
distributed) apply with anything like accuracy, we at least are not 
aware of their existence. 

In the present treatise, the mathematical theories of the 
Arch and Kevetements are presented with as much simplicity 
and analytical elegance as the subjects probably permit, but 
engineers never can, and never will, trust to long mathematical 
formulas. In abstruse theoretical calculations, the errors arising 
from neglect of practical contingencies increase and multiply at 
every step of the investigation ; so that the adoption in practice of 
remote results of theory is generally inadmissable, and always ha- 
zardous. The more value, therefore, attaches to the numerous 
simplifications effected in the present work. The mathematical 
scieuce of engineering is daily becoming more simple and exact ; 
and to Mr. Hanu belongs a large share of the merit of these im- 
portant improvements. 


On the Importance of Studying Abstract Science, with a View to its 
Future Practical Applications — An Introductory Lecture , given at 
Putney College , Sept. 1848. By Lyon Playfair, F.R.S., F.G.S. — 
[Printed for private circulation.] 

This lecture of Dr. Playfair's is of more extensive use than it 
would appear to be from its title. There is a general disinclina- 
tion on the part of practical men who have not been educated 
scientifically, to allow that such investigations as those which take 
place in the laboratory of the chemist, or the experimental philo- 
sopher, are practically useful. It may take more or less time to bring 
their discoveries into use for the benefit of man, but Dr. Playfair 
has shown that some of the least-promising discoveries have even- 
tually been made extremelv useful — polarization of light, for ex- 
ample, and galvanism, flis text is the idea on which Boyle 
wrote : — “ There is no one thing in nature the uses of which are 
thoroughly understood." Nothing about or around us but what 
may eventually be found to be of service to man in many ways, of 
which at present he is ignorant. 

The certainty of this truth is undoubtedly a great incentive to 
aU to persevere in acquiring a knowledge of the intimate constitu- 
tion of bodies, and the developments of their known qualities. 
Dr. Playfair also gave excellent advice to the students he was ad- 
dressing, on the necessity of intense application, and constant per- 
severance in studious and industrious habits. In the present day, 
the examples of fortunes rapidly made by men eminent in their 
profession, and sometimes even by less competent persons, have 
an injurious effect on the rising generation — making them expect 
to advance more rapidly than is either good for them or their em- 
ployers. However well qualified to enter on the practice of their 

B rofession, no young men ought to look to securing, at starting in 
fe, positions or emoluments which are the legitimate prize of 
lengthened services, and years of laborious assiduity. 

To return to Dr. Playfairs lecture, which will be read with 
pleasure by all who take an interest in the practical applications 
of science, we would only further hint, that a little more care 
should be taken in correcting the press, even though the lecture is 
printed for “ private circulation only .” Some sentences are un- 
grammatical, and some unintelligible ; but we again must express 
our opinion, that the main idea of the lecture is excellent, ana the 
advice given well deserving the careful attention of the students. 


A very good illustration of the progress, from the discovery of 
an abstract philosophical theory to its practical application, is 
given in the following extracts 

“ It is but the overflowings of science which thus enter into and animate 
industry. In its study you are never sure that the morrow may not gladden 
the world with an application of 1 principle which to-day was abstract and 
appeared remote from practice. This is a truth that I wish most particu- 
larly to impress upon you who are to devote your lives to its practical appli- 
cations. In your studies you will constantly meet with abstract truths 
which you might think it was unnecessary to acquire, because you did not 
see their practical tendency. This feeling in itself is wrong, education 
being a course of mental discipline fitted to frame the mind to habits of in- 
duction and investigation ; and therefore, if it were thought necessary to 
teacn you truths, which from their nature never could be practically appUed, 
their use would still be great in expanding and tutoring your intellects, aud 
enabling them to grasp difficulties when they present themselves." 

“ An officer of artillery, directing an optical instrument to the windows of 
Versailles, which were illumined by the sun, was struck with the fact that 
in one position they disappeared from his view. This was the first dawn of 
the discovery of polarised light, — of light which had suffered a change, 
similar to that which it experiences when it has passed through doubly re- 
fracting Iceland spar. When a ray of this light was passed through flat 
plates of certain crystalised substances, the most brilliant colours were ob- 
served. These phenomena were remarkable, and were well worthy of the 
attention of scientific observers. Nothing, however, could appear more re- 
mote from practice than the study of an altered beam of light. It was most 
interesting, indeed, that, as in the case of sound, where two sounds reach- 
ing the ear either exalt or destroy the effect, so in light, two rays interfering 
with each other may produce darkness. But who from this abstract obser- 
vation would have dreamt that out of it would come useful applications? It 
was found that the light which reached reflecting surfaces at a particular 
angle was polarised in coming from them ; that, for example, much of the 
light reflected from water is in this condition. Thus, suppose, you look with 
a Nichol’s prism, the common polariser, at the shddow of a man on a smooth 
lake; by turning round the prism in a certain direction the shadow will dis- 
appear, because much of the light is polarised, while the man seen by com- 
mon light will remain visible ; thus realizing the German fable of the man 
without a shadow. This property of the polarising prism was after a time 
applied to the important purpose of detecting shoals and rocks at sea. It 
had been long the practice for mariuers, when they suspected the existence 
of shoals, to send a man to the bead of the mast to detect them; for the 
outlook viewing the water from a vertical position shut out much of the re- 
flected light, which dazzled and obstructed his view. Now, as a great part 
of this reflected light is polarized, it was obvious that by looking through a 
polarizing prism from the deck, the depths of the ocean could be scanned 
without the interruption of the glare, which had formerly rendered this so 
difficult ; and thus this abstract truth of the alteration of light by reflection 
became practically applied to the preservation of mariners from the hazards 
of the sea. Another useful application was now made to salmon fisheries, to 
enable the spearsmen to see the fish at considerable depths, where detection 
was before impossible. The singular insight which polarized light gave into 
the inner constitution of bodies, was usefully employed to discover the laws 
of tension in beams, thus showing that it might be made to aid in the pro- 
motion of mechanics. Under the hands of a Biot, a ray of polarised light 
performed with magical quickness the most refined but tedious operations of 
the analytical chemist, by enabling him to ascertain the amount of sugar iu 
various saccharine substances. He was enabled to follow the increasing 
richness of sugar in the juices of various plants at different stages of their 
growth, so as to indicate when they are most fitted to be gathered in for the 
purposes of the sugar roanufactuies ; and by the same ray silently perform- 
ing its quick analysis, he was able to make improvements in the economy of 
labour. Thus, when beet is ready to be gathered, labour is in demand for 
the harvesting of other ciops, aud consequently is expensive. It would not 
do then to take another crop, such as parsnips, iuferior in its amount of 
sugar, as the cost of production would outweigh the returns. But precisely 
at the time that horses and carts are disengaged, and labour is cheap, pars- 
nips contain most of their saccharine ingredients, so that it is then useful to 
employ the idle mills in the production of sugar from this plant. Thus a 
ray of light has produced good also to the farmer, as well as to the seafaring 
man and the engineer. Or to take a case of th^ use of polarised light to 
science, who could have dreamt that the colours it exhibits in transparent 
substances would render it possible, by means of a mineral, to deteimiue 
such questions as to whether the light of the sun proceeded from a solid 
mass or from a gaseous canopy, or whether the comets enjoyed light of their 
own, or only reflected the light from other bodies (Humboldt) ? 

There are other applications of polarised light to the telescope for mea- 
suring the size of distant objects ; but to these I will not at present draw 
your attention, mentioning only one other instance, the recent beautiful dis- 
covery of Wheatstone, who has invented a simple means, far more accurate 
and useful than the sun-dial, of determining the apparent solar time by the 
diurnal changes of the plane of polarisation at the north pole of the 
By availing himself of the fact that the planes of polarisation in the north 
pole of the sky change exactly as the position of the hour circle alters, 
Wheatstone has adapted a simple and ingenious apparatus, by which the 
true time may be told within three minutes. This elegaut application of the 
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law* of polarization is only one of others which we may expect from the 
same philosopher.” 

The following interests others besides students of the College 
for Civil Engineers, and in the present dearth of employment at 
home will meet with attention from many of our readers ; and the 
more so, as it comes from one who has a practical knowledge of 
what he says : — 

44 It is scarcely necessary to urge on you the desirableness of a practical 
education, such as you will receive at this College. I have said enough to 
show you that it is indispensable in this country, if you wish to outstrip the 
competition which now, happily for the world, prevails in all departments 
of industry. If it be requisite here, it is far more necessary to the aspiring 
colonist abroad. The field open for well-educated men in the colonies is 
so great, that I doubt not there will be many of you who will try their for- 
tunes in foreign lands. I myself, having been born in a colony, and all my 
relations having spent their lives and acquired their fortunes in colonies, I 
naturally know somewhat of the life and of the prospects of intelligent 
emigrants. This I can assure you, that I have never known an instance of 
failure, where a man went out with a well-grounded scientific knowledge, 
and with a power of applying it in a special direction. I have many friends 
in the colonies, who have gone out with no other recommendation than 
that — a very high one certainly-— of being proficient in some one of the 
sciences. I recall to my mind at the present moment names of men who I 
»ra proud to call my friends — men who are now all in the enjoyment of 
lucrative posts abroad, from having gone out, some with a knowledge of 
geology, others of chemistry, and others of natural history. It is true that 
scientific men are rare in our colonies ; and it is because practical scientific 
education is rare, — the more tbe chance for you who avail yourselves of 
your youth and your advantages. Look at the treasures opened in Australia 
by the discovery of coal and of valuable mineral ores. What a grand field 
for the mineralogist, the metallurgist, the geologist, chemist, and practical 
engineer ! When we hear of men who have lately made large fortunes in 
the course of three years, by a happy development of formerly-neglected 
mineral wealth, is there not here encouragement to those who have a sound 
knowledge of the applied sciences^o devote their lives to the development 
of our colonial industry ? But in attempts to do so, there will be, of course, 
difficulties to overcome, such as cannot occur in this land, where all kinds 
of professional talent is available. It is for this that we give a general 
practical education such as we do. Are you to be a farmer in the colonies ? 
Then learn before you go to understand the principles of machinery, so as 
to make and repair your implements; learn how to survey; how by geo- 
logy and chemistry to choose your land; how to cnhivate it when pro- 
cured — learn to think how the resources of the country are to be econo- 
mised. Recollect, that in boiling down whole flocks of sheep for th«sir 
tallow only, in imitation of your brother farmers, you might at the same 
time make the moBt admirable and nutritions portable meat and soups for 
armies and navies— a process, if carried out, which is, I am sure, destined 
to become one of the most valuable, though yet untried manufactures of 
Australia— and why untried ? Because there is no science to guide them 
in a manufactory involving a knowledge of animal chemistry, as well as 
of a wise adaptation of machinery, and an acquaintance with what has 
been done in the same way in other countries. And if you go out as a 
surveyor, how invaluable to pain the geological knowledge which you may 
also here acquire ; how indescribably useful your chemical power of detect- 
ing and assaying valuable ores and minerals ! Are you destined for the 
army abroad ? The best way of getting staff-appointments or lucrative 
employment, is to have the power of making yourself useful with your 
scientific knowledge. I again say, that in this service in our colonies I 
have never known an instance where a really deserving scientific roan 
failed in being speedily advanced to a useful and honourable position. 

But do not think that in these days fortunes or honours are easily ac- 
quired. It is not mediocrity in your pursuits that will enable you to out- 
run the masses struggling to push forward. The age is an age of action ; 
and if you are to succeed in future life, you must now brace and prepare 
yourself for the struggle. If yon fall asleep now while you are young, 
in vigour, and able to prepare yourself for future life, the world will not 
know when you awake, and it will be a long and a sad struggle for you to 
overtake those who were active when you were passive. Recollect, that 
it is only by study, downright hard study, that you can acquire that mental 
strength and vigour that will enable you to overcome the increasing diffi- 
culties of progress in life.” 


History of Architecture from the Earliest Times ; its Present Con - 
dition in Europe and the United States . By Mrs. L. C. Tuthill. 
Philadelphia; Lindsay and Blakiston, 1848. 

As there are some remarks on this work in the Fasciculus of 
u Candidus,” we shall not trouble our readers much further as to 
its critical merits. It was intended for a popular work in the 
United States, but, unhappily, it gives little definite information 
as to the buildings there, and is ten years behind hand as to those 
of Europe, the “Architectural Magazine” having been the chief 
authority. 


It seems from the remarks of the authoress that Gothic and 
Elizabethan are now the fashion, instead of Greek, but there are 
few favourable American examples of any style given by the 
authoress, though there are many American buildings of great 
merit. We shall try and glean what we can as to buildings in the 
United States of which any particulars are given by the writer. 

At Boston among the novelties are named — 

“ Trinity Church , in Summer-street, a Gothic edifice, of granite, built 
in 1829. 

The Tremont Home is a large and beautiful building, of granite, with a 
fine Doric portico in front. J. Rogers, architect. 

Two beautiful Gothic churches, of freestone, were built in 1847. Billings, 
architect.” 

At New York — 

“ The Church in Was king ton square, belonging to a congregation of the 
Dutch Reformed denomination, is said to be one of the most perfect Gothic 
structures iu the United States. L a . Fevre, architect. 

Trinity Church was commenced in 1841, on the site of the old church in 
Broadway, and completed in 1846. It is built of a beautiful fine-grained 
freestone, in the Perpendicular Gothic style. It is 192 feet long, and 84 
wide. Its graceful, symmetrical spire is 264 feet high. It is by many con- 
sidered the finest specimen of ecclesiastical architecture in this country. 
Mr. Upjohn, architect. 

Grace Church , on Broadway, is built in the form of a cross, in the Gothic 
style, and is of white marble. The windows are of stained glass, and the 
edifice cost 145,000 dollars (£30,000). It was completed in 1845. Mr. 
Renwick, architect. 

The Custom Howe, in Wall-street, is a beantifol Doric building, 177 feet 
long, and 59 feet wide. The architects were Ithiel Town and Alexander J. 
Davis. 

The Episcopal Church of the Holy Trinity , at Brooklyn, New York, is one 
of the finest specimens of Gothic architecture in this country. A citizen of 
Brooklyn, with a munificence above commendation, has erected this noble 
edifice, at a cost of about 150,000 dollars (£30,000). Lefevre, architect.” 

At Philadelphia — 

The United States Bank , now the United States Custom House for the 
port of Philadelphia, is one of the most beautiful buildings in this country. 
It is closely copied from a perfect model, the Parthenon. Its length is 161 
feet; its breadth 87 feet. The fine massive Doric columns of the portico 
stand upon a platform of white marble, the ascent to which is by a high 
flight of marble steps. Thus lifted up away from the street it has a very 
imposing appearance. The banking-room is 81 feet long and 48 feet wide. 

The new Bank of Pennsylvania is copied from the Ionic Temple of the 
Muses, upon the Ilissus ; it is built of marble, and is a large and handsome 
edifice. 

The Girard College. — The main bnilding, which is the subject of this 
description, is composed in the Corinthian order of Grecian architecture : it 
covers a space of 181 feet by 239 J feet, and consists of an octastyle perip- 
teral superstructure, resting upon a basement of 8 feet in height, composed 
entirely of steps extending around the whole edifice ; by which a pyraraidical 
appearance is given to the substruction, and a means of approach afforded to 
the porticoes from every side. The dimensions of the stylobate (or platform 
on which the columns stand) are 159 feet on the fronts, by 217 feet on the 
flanks ; and the cell, or body of the building, Wasures 111 feet, by 169 feet. 
Tbe whole height, from the ground to the apex of the roof, is 100 feet. 

The columns are 34 in number ; the diameter of the shaft at the top of 
the base is 6 feet, and at the bottom of the capital, 5 feet ; the height of the 
capitals, including the abacus, is 9 feet, and the width, from the extreme 
corners of the abacus, 10 feet; the whole height of the column, including 
capital and base, is 55 feet. The entablature is 16 feet 3 inches high, and 
the greatest projection of the cornice, from tbe face of the frieze, is 4 ft. 
9 in. ; the elevation of the pediment is 20 ft. 5 in., being one-ninth of tbe 
span. The capitals of the columns are proportioned from those of the 
monument of Lysicrates at Athens : they are of American marble, and were 
wrought upon the grounds of the college. 

The building is three stories in height, each of which is 25 feet from floor 
to floor : there are four rooms of 50 feet square in each story. Those of the 
first and second story are vaulted with groin arches, and those of the third 
story with domes supported on pendentives, which spring from the corners 
of the rooms at the floor, and assume the form of a circle on the horizontal 
section, at the height of 19 feet. These rooms are lighted by means of sky- 
lights of 16 feet in diameter. All the domes are terminated below the plane 
of the roof, and the skylights project but one foot above it, so as not to in- 
terfere with the character of the architecture. 

The roof is covered with marble tiles, so nicely overlapping each other as 
to defy the most beating storms. 

Beside the main edifice, there are four other buildings belonging to the 
institution, each 52 feet wide, 125 feet long, and four stories high. Thomas 
U. Walter, architect.” 

At Washington, among other buildings, are— 

44 The President’s Howe , of Potomac freestone. It has two fronts with 
porticoes, and is 180 feet in length by 85 feet in width. 

7 he Patent Office is still unfinished ; it is designed, when completed, to 
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surround the square on which it stands. It is of the dark freestone of the 
Potomac. The building already completed has a superb portico of the Doric 
order. 

The General Poet Office , of white marble, is a magnificent building, orna- 
mented with pilasters, and an entablature of the Corinthian order. The 
edifice already occupies the front and part of two other sides of a square. It 
is unfinished, but when completed will be one of the most splendid buildings 
in the United States. 

The Capitol is finely situated, commanding a view of the city, with the 
surrounding country, and the river Potomac. It is 352 feet long in front, 
and its greatest height 145 feet. The Hall of the Representatives is of a 
half-circular form. The dome rises above ah entablature, supported by 24 
Corinthian columns of variegated marble (sometimes called pudding stone), 
from the banks of the Potomac.'’ 

At Baltimore we find — 

“ The Roman Catholic Cathedral ; planned by Latrobe. It is of the 
Ionic order; 190 feet in length, 117 feet wide, and 127 feet high, to the top 
of the dome.” 

For want of something better we shall extract what is said of 
the public squares and walks of the United States, to which more 
attention is now paid, a gratifying proof of the progress of taste. 

“ The citizens of New York have at length become awpridcl, .*«e beauty and 
salubrity of public squares. St. John’s-park, Wp' of JU)n- square, Union- 
square, and several others in recently-built pa^ Artfthe city, are tastefully 
ornamented with trees and shrubbery, afford C/vweet green spots for the 
eye to rest upon, as a relief from the the, ' brick walls and dirty pave- 
ments. <•" .ibition r 

Every city should make ample pi of v / spacious public squares. Trees 
of every variety, shrubs, flowers, ergreens, should decorate these 

grounds, and fountains throw up sparkling waters, contrasting their 
pure white marble with the deep green foliage. Here, beneath the shaded 
walks, the inhabitants might enjoy the sweet air, the children sport upon the 
fresh grass, and all be refreshed and cheered by the sight of beautiful natural 
objects. Here the young and old might meet to 4 drive dull care away,* and 
lose for a few brief moments the calculating money-making plans that almost 
constantly usurp American thought and feeling. 

The Boston Common is the most spacious pleasure ground in the United 
States. Seventy five acres were appropriated by the early 4 fathers of the 
town ’ for this purpose, on the condition that it should ever remain devoted 
in this way to public convenience and comfort. The same venerable elms 
which shaded the patriots of the revolution, still wave over the heads of 
their successors, and fresh young trees are planted from year to year by the 
side of the new-gravelled walks, rendered necessary by the rapidly increasing 
population of the city. The undulating ground of the common gives it a 
pleasing diversity of hill and vale, and the little lake or pond near the centre 
adds to its picturesque beauty. 

The New York Battery, though much smaller, is very delightful, affording 
a view of the magnificent harbour, gemmed with its beautiful islands. Con- 
venient seats are placed about the battery, that its numerous visitors may 
quietly enjoy the cooling breezes from the ocean, beneath the grateful shade 
of the trees. It is one of the loveliest spots in the world. 

The public squares of Philadelphia are incalculably important to the health 
of the city. Beneath the dense foliage of Wasbington-square, crowds' 0 ’ 
merry children enjoy, unmolested their healthful sports. Within the inclot: 
sure of Independence-square was first promulgated the Declaration of Inde- 
pendence. Franklin-square has in the centre a fountain, falling into a hand- 
some white marble basin. Penn, Logan, and Rittenhouse-squares are also 
ornamental to the city. 

The New Haven-green has been justly celebrated as one of the most beau- 
tiful public squares in this country. Its elms are remarkably fine ; it has 
recently been enclosed with a light and tasteful iron railing, which adds 
much to its beauty. 

Many of our large cities are entirely destitute of snch green retreats. 
Gardens and squares are so necessary to the health, as well as the enjoyment 
of those who are shut up in the close streets of a city, that it should be 
considered an imperative duty to provide them for all classes of the inha- 
bitants.” 

The following shows the resources available to the architect in 
the United States : — 

44 Granite , a primary rock, may be called the foundation-stone of (he 
earth. Its constituent parts are quartz, feldspar, and mica. It is a bard 
and brittle stone, but with much labour may be worked into capitals and 
other ornamental parts of a building. It abounds in the New England 
•States, especially in New Hampshire and Massachusetts. A beautiful 
white granite is there quarried, and employed in buildiog at borne, and 
sent to distant parts of the Union. The United States Bank is of this 
white granite ; the market-house at Boston, some fine dwelling-houses in 
New York, and many other edifices there and elsewhere.. 

Sienite is often called granite, from its resemblance to it ; feldspar and 
hornblende predominate in its composition. It is even more difficult than 
K i anile to chisel into ornamental work. The fine quarry of this stone at 
Quincy, near Boston, has given it the name of Quincy stone, by which it 
is extensively known. The Astor House in New York is built entirely of 


[December, 

sienite, and in Boston there are many structures which have now been 
standing for some years ; sbowiog that it bears exposure to the air, 
without injury to its appearance. The Bunker-bill Mooument is of thU 
stone. 

Marble is one of the most durable of stones. The beautiful Pentelic 
marble of the Parthenon has stood the storms of more than 2,000 years 
without injury. Happily for us, this fine material abounds in almost every 
part of the country. The black, gray, and white marble of Vermont are 
extensively known. Massachusetts furnishes specimens of various kinds. 
The splendid columns of the Girard College were brought from Sheffield* 
in Berkshire county, in that State. New Hampshire has several quarries! 
Id Connecticut, near New Haven, gieen marble abounds, resembling the 
verde antique. Many specimens of this marble have been sent to Europe, 
and been much admired in the cabinets of the curious and scientific. Near 
the same place another quarry is found, in which yellow predominates. 
White marble abounds in Pennsylvania. In short, marble is so abun- 
dantly supplied, that taste and durability may be combined by the use of 
this material io elegant edifices. 

The United States Mint, Custom-house, and Pennsylvania Bank in 
Philadelphia, are all of Pennsylvanian marble ; the Washington Moou- 
ment, Baltimore, is also of white marble. 

Sandstone , usually called freestone, is found of variegated colours, from 
gray to red, and dark brown. It is easily wrought, and much used in 
building. Extensive quarries of red freestone are worked at Chatham, in 
Connecticut. The Potomac freestone is extensively used ; the President’s 
House, the Capitol 1 at Washington, and St. Paul’s Church, Boston, are 
built of it. Sometimes it is employed without smoothing, and is thus a 
durable and economical material for cottages, stables, &c. It is in general 
use for the basement, window-sills, and caps of brick buildings. 

Gneiss, a stone containing a large proportion of mica, splits with ease, 
and affords a beautiful paviog-stone. 

Slate is found in great abundance in this country ; it is used for covering 
roofs, and should be universally substituted in cities for shingles or other 
combustible materials. 

No country in the world is more abundantly supplied with wood of every 
variety than the United States. 

The white oak grows to a great height in the Middle States and in Vir- 
ginia. It is strong and durable, and although sometimes employed in 
domestic architecture, is more generally used for ship building. The 
black oak rises to a still greater height, but is not so large in circumfer- 
ence. Several other kinds of oak abound, all of them durable, and some 
of them excellent for timber. 

The black walnut is a beautiful wood for the interior, being susceptible 
of a fine polish, and not liable to warp, nor to split. In Ohio and Ken- 
tucky this wood is used for the shingling of houses, and occasionally for 
timbers. It is admirably adapted for doors aud window-frames. 

Maple , of several varieties, is also susceptible of a fiue polish. The 
curled and bird’s-eye maple are very handsome for interior finishing. 
Maples grow in almost every part of the Union; they are numerous aod 
luxuriant in the Western States. 

Pine is a soft wood, easily worked, and has for this reason been hitherto 
quite too much used for building. It is, however, a valuable wood, and 
will long continue to be used for the interior, after more durable materials 
are substituted for the exterior of buildings. From Maine to Florida 
pines of various kinds abound, and are exported in large quantities to 
Europe and the West Indies. 

The white ash is a strong and durable wood, which sometimes grows to 
the height of bO feet. It splits straight, and is not apt to shrink. It 
abounds most in the Northern Stales. 

Birch is not much used in building, although it abounds in New Eng- 
land and the Middle States. 

The black birch furnishes a hard, dark-coloured wood, that receives a fine 
polish, and is very handsome for interior finishing. 

The cypress grows to a great size in the Southern States, and is fre- 
quently used for building. 

The white cedar grows abundantly in the Middle and Southern States, 
and being a soft light wood is used for shingles and interior finishing. The 
red cedar is a durable wood, used for posts aud fences.” 

It will be seen from the extracts we have given that some very- 
respectable works have been lately executed, or are in progress, 
but there is no great architectural monument on hand. 


Syllabus of Lectures on Civil Engineering, for the use qf the Stu- 
dents at Putney College, By W. Rangkb, C.E., lecturer on Civil 
Engineering and Architecture at Putney College, and on Civil 
Engineering to the H.E.I.C. Officers at the Royal Engineering 
Establishment, Chatham. London: Taylor, 184»8. 

This is nothing but what it purports to be — the syllabus of lec- 
tures ; yet it may be very usefully referred to by the professional 
man. It seems very easy to put down the heads of lectures ; but 
Mr. Ranger has shown in the arrangement the resources of a 
logical mind, and his intimate acquaintance with the subject 
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which he teaches. It is in these qualities that consists the use for 
the professional man, who is able practically to supply the de- 
tailed information, and may refresh nis memory by reading, under 
each head, the enumeration of the various resources applicable to 
the work intended. 


HYDROGEN GAS AS A MOTIVE POWER. 

Among the patents for new inventions in thi^ country specified 
within tne last month, is one (obtained by the widow of a Trench 
engineer, at the request of her late husband,) for employing the 
explosive force of hydrogen gas as a motive power. In tne arrange- 
ments for effecting this object there is nothing deserving of special 
notice, the explosive force being made to act against pistons work- 
ing in two cylinders, wherein the explosions of the gas mixed with 
atmospheric air take place alternately, either bv the agency of 
electruntv or by the flame of a gas-light. To what extent how- 
ever sucn an explosive force would be available, supposing it could 
be regulated to act with uniform pressure, is a auestion deserving 
consideration, as the attempt has been previously made, and may 
be again and again repeated. 

There is a peculiarity in the power generated by all explosions, 
which renders it almost impossible to employ it usefully in working 
machinery; inasmuch as the greatest part of the force exerted de- 
pends on the instantaneous or percussive action, which enables it 
to overcome resistances that would not yield to the same amount 
of force steadily applied. In the explosion of hydrogen gas there 
is the further peculiarity, that the resulting product occupies so 
much less space than the original gases as to result in a partial 
vacuum; and we have heard a popular lecturer when noticing 
this result assert, that in such explosions the force is directed 
altogether inwards , and that there is no external force whatever : 
this assertion, too, was made in defiance of the common experi- 
ment of the electrical pistol, with which he must have been fami- 
liar. The external force is indeed only momentary, and depends 
upon the instantaneous expansion, of the gases by the heat caused 
by their ignition ; consequently, the difficulty of regulating such a 
power is greatly increased ; but that there is power exerted there 
can be no doubt, though the amount of it we believe to be too 
small to be ever practically available. 

With a view to ascertain the amount of force generated by the 
explosion of hydrogen gas, we some years since made several expe- 
riments, which, if not strictly accurate, were sufficiently so to 
enable us to conclude that the force generated is much too small 
to be of use, and amounts only to the expansion of the gases em- 
ployed into about eight times their original volume; or to the 
exertion of a momentary pressure of eight atmospheres. The ex- 
periments were arranged in two different ways, but the results 
nearly coincided. The first method adopted was, to ascertain the 
quantity of water displaced by the explosion of a given volume of 
hydrogen gas mixed with atmospheric air. A square tin vessel, 
open at the bottom, was made ; to the top of which there was sol- 
dered a smaller tin vessel that held one cubic inch. This smaller 
vessel for holding the gas, was open entirely at the bottom, so as 
.to form in fact only a projection from the top of the larger one. 
Insulated wires were introduced into the small gas-holder, for the 
purpose of causing explosion by means of an electric spark. The 
vessel having been filled with .and inverted in water, a cubic inch 
of an explosive mixture of hydrogen gas and atmospheric air was 
passed up into the small reservoir. A small trough, into which the 
tin vessel was inverted, was then filled exactly to the brim ; and the 
tin was held firmly on supports, which raised it several inches 
above the bottom of the trough. The electric spark was passed 
through the gas, and the explosion forced over a quantity of water 
into a receiver. By measuring the water thus displaced, the ex- 
pansion of the gas by heat during the explosion was ascertained. 
This experiment was several times repeated with nearly corre- 
sponding results : the amount of water displaced being about eight 
times the volume of the mixed gas. 

In the second method the experiments were made in the dry way. 
Under the impression that the explosive force was very great, a gun 
barrel was procured ; and a piston, attached to a small rod. was 
loosely fitted into the barrel. The mixed gases were introduced 
from a bladder through a hole at the breach ; the space occupied by 
the gases being measured by the height to which the piston was 
drawn up. The explosion of the gases was effected by an electric 
spark : and the space in the gun-barrel through which the piston 
was forced was ascertained by a narrow ribbon attached to the 
piston rod ; the ribbon being drawn out with the rod during the ex- 


plosion, and left loose afterwards. The loose part of the ribbon 
indicated the extent to which the piston had been forced from its 
first position, and by measuring and comparing it with the space 
occupied by the gas, the expansive force of the explosion was de- 
termined, and it nearly agreed with the results of the first set of 
experiments. In the course of these experiments the operator had, 
unexpectedly, personal experience of the force exerted by the 
explosion. The bladder containing the mixed gases, whilst held 
under his arm, was inadvertently brought near the flame of a 
candle, and the contents exploded with a loud report and concus- 
sion, that blew out the candles and left him in the dark, somewhat 
stunned, indeed, by the force, but without inflicting any injury. 

Though these modes of experimenting were certainly not calcu- 
lated to afford very accurate results, yet they proved that the ex- 
pansive force of hydrogen gas is very much less than we had antici- 
pated, and that consequently it was useless to pursue our attempts 
to render it available as a motive power. It is very probable that, by 
using other proportions of hydrogen gas and atmospheric air than 
we employed, greater force may be obtained ; but it cannot, we feel 
convinced, be under any circumstances at all comparable to the 
explosive for<*^*gunpowder. The terrific effects so frequently 
produced in coa^^j^s by explosions of carburetted hydrogen 
gas, may probably le^^^he supposition that the explosive force 
is immense ; but if the^^^kvolumes of gas exploded in producing 
such disastrous results be t^fc^nto consideration, it will lie found 
that the power exerted is in^^fc^Pt, compared with the explo- 
sive force of other agents. 


NEW ELECTRIC LIGHT. 

An experiment was made on the Great Western Railway, on the 
18th ult., to test tbe power of a new species of light produced by 
electricity, particularly with a view to its being used by railway 
trains. The light is produced by an apparatus invented by M. Le 
Mott, a French gentleman, who has been for several years em- 
ployed in electrical experiments in Russia, and whose discoveries 
in that department are well known to the scientific world. At half- 
past six o’clock a truck, containing a square wooden box, about the 
size, though not the shape, of a sentry-box, and having a galvanic 
battery of some 60 or 70 small jars disposed around it, was attached 
to the last carriage of the train then about to proceed from Pad- 
dington. The light was produced inside the box, and the rays, 
condensed and heightened by a powerful reflector, were emitted by 
an aperture contrived for the purpose. The light was produced 
before the train left Paddington, when a dazzling blaze filled the 
whole of the spacious station, casting the numerous gas lamps 
there completely into the shade. As the train proceeded on its 
way, the reflection left a long track of clear bright light for the 
dista e of a mile and more behind it, in such a manner as to ren- 
der L utterly impossible that any train coming up behind should 
run into it, except as the effect of deliberate intention. The re- 
flection, as seen from the carriage, was very beautiful, the pris- 
matic colours bein£ distinctly and vividly delineated along the 
outer edge of the circle of raaiation ; and as these fell upon the 
dense column of smoke ascending from the engine, the effect was 
singulai and striking. The night was dark, but clear, and so far 
favourable to the experiment ; and objects, such as a bridge, were 
rendered distinctly visible at the distance of about two miles. The 
experiment was made as far as Slough, on arriving at which station 
the truck was detached from the train, and continued there for 
about half-an-hour, till the up-train arrived, with which it returned 
to town. While at Slough, the light was turned in the direction 
of Windsor Castle, as it was the expectation of M. Le Mott, 
who accompanied tne experiment, that it would be seen from 
thence. While there a gentleman stationed himself at the dis- 
tance of 200 yards or so from the apparatus, and read a newspaper 
by the light produced, which he found he could do with perfect 
ease. The apparatus then returned to 'town in the same manner, 
the light being continuously intense during the whole of the jour- 
ney and return ; and we were informed by the ingenious inventor 
that there could be no difficulty in keeping it up for the whole 
night. The experiment afforded great satisfaction to all who wit- 
nessed it, the only drawback being, that the apparatus, having 
been in the first instance adapted for stationary experiments, suf- 
fered considerably from the jolting inseparable from railway mo- 
tion — a defect wnich the inventor considered might be with ease 
overcome in any future experiment. 
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PROCEEDINGS OF SCIENTIFIC SOCIETIES. 


ROYAL INSTITUTE OF BRITISH ARCHITECTS. 

Nov . 20. — Earl De Grey, President, in the Chair. 

This was the opening meeting. The President, in presenting the 
Royal Medal which had been awarded to Mr. Cockerell by the Institute, 
in February last, — but which, in consequence of the time required to pre- 
pare the dies, made expressly for this purpose, had not been presented at 
the closing meeting of the last session — complimented that gentleman on 
his being the first individual selected by his professional brethren to receive 
the honour which the Sovereign had placed at the disposal of the In- 
stitute. 

Prof. J>onaldson then gave a description of the Cathedral Church of 
St. Isaac, Petersburg!}. 


SOCIETY OF ARTS, LONDON. 

Nov . 22.— J. Walker, Esq., C.E., in the Chair. 

A letter from the Royal Society of Edinburgh wascME^^it was accom- 
panied by a medal bearing the effigy of Napier j^Merchiston, and wa9 
offered as a mark of respect for the Society of 

The Secretary read au address from the QWincil, which concluded as 
follows 14 It is proper, however, that th^Uouncil should direct special 
attention to a oew feature in the exhibiting* of the present session. It has 
been complained, that for a couple ^^ears the Society has directed atten- 
tion too exclusively to the Fine Arts, to the neglect of the Mechanical Arts 
and Manufactures. This may, perhaps, be in part true. Butio reforming 
the operations of the Society, it was necessary to do one thing at a time. 
The Council have postponed the mechanics — not lost sight of them ; and 
have availed themselves of the past vacation to prepare the large room on 
the ground floor for the reception at Christmas of an exhibition of the 
models of large inventions of recent date and of a mechanical nature. This 
they hope will afford the public the gratification of having laid systema- 
tically before them all that is most important in the records of modern in- 
vention.” 

“ O.i a plan for constructing a Malleable Iron Lever Bridge .” By 
Mr. T. M. Gladstone. — The advantages which the author considers it to 
possess over other plans, are that of enabling bridges of any span to be 
built without a centering, whereby a saving is effected ; also enabling a 
flatter roadway to be obtained while a higher waterway is insured than 
can be got by any plan in which the arch springing from the pier is made 
use of. The paper concluded with a detailed account of the comparative 
co3t of constructing bridges on the various plans hitherto used, and also of 
the weights of metal employed. 


INSTITUTION OF MECHANICAL ENGINEERS. 

At the last quarterly meeting of the members of this institution, held at 
Birmingham, the recent death of George Stephenson, the lamented Presi- 
dent of the Society, and the intimation that a paper relating to his character 
and life would be read at-this meeting, invested the proceedings with an un- 
usual degree of interest. 

After the minutes had been read and confirmed, Mr. M‘Connkll, who 
occupied the chair, laid that in consequence of the absence, from illness, of 
Mr. Scott Russell, the duty devolved upon him (the chairman) of reading 
the paper on the character of their late worthy and much-lamented Presi- 
dent. They had met for the first time since the death of the great man who 
had lately presided over them — an event which the society greatly deplored, 
and their grief was shared by all who could appreciate honesty and genius. 
In his death the world had lost one of its brightest ornaments. He had 
risen by the force of his own talents from a humble rank in life. He was a 
kind friend, and not less distinguished as a man than as a great mechanical 
genius. As long as railways existed, the name of Stephenson would live 
with them. 

The Chairman then proceeded to read Mr. Russell's memoir, the length 
of which precludes the possibility of insertion here. 

At the conclusion of the paper, Mr. Geach then said he rose under feel- 
ings of no ordinary kind to propose that the society should, at this the earliest 
possible moment, place on their minutes au expression of their deep regret 
at the loss of their much esteemed friend aud President, Mr. George Ste- 
phenson. Really when they remembered his last appearance amongst them 
at their last meeting, in high spirits, good health, and indomitable strength 
and activity of mind, it was not easy to realise the full extent of the cala- 
mity that had befallen them, nor to speak of the bereavement without feel- 
ings of strong emotion. He (Mr. Geach) had not known their late Presi- 
dent to long as mauy present ; but the peculiarity of Mr. Stephenson's cha- 
racter was, that one did not require that time should elapse before he was 
known and loved. It was impossible for any one younger than him to regard 
him with any other feelings than those of deep affection. There was some- 
thing in his manner, in the very tone of his voice, which endeared him to 


all. He was open, honest, manly, and straightforward in all his dealings ; 
sometimes rough, but that peculiarity never could hide the inherent kind- 
ness of his disposition, Peculiarities he had, undoubtedly, but in his long 
battle with the world he had so often found himself right, that he was, as 
it were, privileged to speak authoritatively ; and, moreover, what in other 
men would have been unpardonable, if, in him, noticed at all, only made 
him the better liked. There was another peculiarity that was remarkable : 
he was never ashamed — nay, he was proud of his early life. He never at- 
tempted to gloze over his struggles with an unfavourable position ; and 
while he was the associate of peers of the realm, he looked back on his 
early associations with pleasure and pride. And this was almost the only 
pride he had, for his greatest delight was in meeting with the son of some 
early friend who had laboured alongside of him, and gladly acknowledging 
the claim such a man had upon his kindly aid. He (Mr. Geach) could not 
refrain from giving these feelings expression ; and, in conclusion, he would 
propose the following resolution : — 44 That the members of this institution 
desire to express their deep regret at the decease of their late President, 
George Stephenson, whose early support of this institution has greatly con- 
tributed to bring it to its present state of success.” 

Mr. Fothbrgill briefly seconded the motion, which was carried unani- 
mously. 

Mr. M'Connbll remarked, that immediately after the death of Mr. Ste- 
phenson, the Council of the institution met at Manchester, and drew up 
and forwarded a letter of condolence to his widow for the great loss she 
had experienced. They at the same time thought that the best tribute they 
could pay to bis memory, and the best service they could render the society, 
would be the selection of Mr. Robert Stephenson as a successor to his 
father. Accordingly, Mr. Fothergill and Mr. Buckle had put themselves 
into communication with that gentleman, and the result was, that he had 
consented to accept the office of President. The announcement was re- 
ceived with loud applause. 

Mr. Fothergill detailed the steps they had taken to bring about this de- 
sirable consummation. 

Mr. M'Connell then formally proposed the election of Mr. Robert Ste- 
phenson. A better choice could not have been made, and the active connec- 
tion of that gentleman with their society would give their proceedings addi- 
tional lustre. 

The motion was seconded by Mr. Fothergill, and passed by acclamation. 

44 On the Adaptation qf the Cambrian Engine to Locomotive Purposes — 
A paper on this subject, accompanied by drawings, contributed by Mr. John 
Jones, of Bristol, was then read by the Secretary. The advantages claimed 
for an engine constructed on this principle are the obtaining a long stroke 
in the crank, without the disadvantages of a long-stroked c>linder, where 
high velocities are required, the arrangement of the levers which balance the 
engine, the entire disappearance of any oscillating motion of the engine, 
and doing away with all centre pressure. — A somewhat lengthy and inte- 
resting discussion followed the reading of this paper, in which the Chair- 
man, Mr. Cowper, Mr. Slate, Mr. Peacock, Mr. Crarapton, Mr. Humphries, 
Mr. Beyer, and others, took part. Considerable difference of opinion 
existed as to the value of the engine described. The weight of the argu- 
ment, which we have not space to follow, was against the presumption that 
the adaptation would be advantageous ; but at the suggestion of the chair- 
man it was proposed to reserve any decision on its merits until there was 
more information before the meeting. — This suggestion was adopted, and 
the discussion terminated. 

41 On a Railway Elevator — Mr. Fothergill read a paper contributed by 
Mr. W. L. Kinmond, of Glasgow, on an elevator erected for the Glasgow and 
Ayr Railway Company. Several members stated that they had seen the ma- 
chine at work, and it was an admirable piece of mechanism. It had been 
erected in 1840, and bad never required repair, except in one instance tome 
few years ago. 

41 Brockedon's Patent India Rubber Joints. 11 — Mr. Cowper brought this 
subject before the meeting in a brief explanation of the application of vul- 
canised India rubber to pipe joints, and their economy compared with those 
of lead, the cost being about half. — Mr. Fothergill apprehended that the 
practical objection to the adoption of the joints would be the difficulty of 
repairing them. — Mr. Richards, of Worcester, said he bad had more than 
twelve months' experience of the joints, and he could speak in confident 
terms of the great value of the invention. They had withstood the influ- 
ences of ammonia and other gases, and did not seem to be at all affected by 
the changes of temperature. He cousidercd that the repairs could be done 
even more easily with joints such as those than with lead, for there was no 
use for the shoulders with which the spigot in the drawing before them was 
encumbered. He intended to adopt the joints extensively. — Mr. Fother- 
gill said that Mr. Richards's explanation had removed the objection stated. 
—After a few other commendatory remarks, in which the value of the adop- 
tion of India rubber was unanimously acknowledged, the Chairman re- 
marked that they seemed to be agreed as to the usefulness of these joints, 
their durability being the only point on which the society could not give an 
opinion. 
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NOTES OF THE MONTH. 

Branch Passenger Locomotives. — Several trips were made on Wednesday, 
15th r*., on the West London Railway, with a little passenger-carriage 
idi^gtfe, the Fairfield , which has been constructed for one of the branches of 
theBristol and Exeter line. The engine, “ tender/' and carriage, which 
have been constructed by Mr. Adams, of Fairfield Works, Bow, are con- 
nected together upon one frame, and weigh, with coke and water, about 10 
tons. The object sought is to economise the working expenses of branch 
lines, and to introduce light rails and light engines into various districts of 
the country, the passenger and goods traffic of which are not calculated to 
pay a dividend upon the ordinary outlay for laying down the present cha- 
racter of permanent way, and supplying the present locomotive and carriage 
stock. The engine and carriage run upon six wheels. The engine has but 
two wheels — viz. : the driving-wheels, which are in front. She is fastened 
to the carriage by longitudinal side-plates, which are screwed together, and 
also by bolts and screws through a transverse frame, so that when in work- 
ing order the whole may be said to run upon one frame. The ongine has 
an upright boiler similar to the little 22 cwt. express engine belonging to 
Mr. Samuel, the resident engineer of the Eastern Counties Railway. The 
boiler has 150 tubes of 1$ inch diameter outside, and 4 feet long. The fire- 
box is 2 feet 6 inches, by 2 feet. The diameter of the driving wheels, which 
have about 3 tons upon them, is 4 feet 6 inches; the cylinder 8 inches, and 
the stroke 12 inches, The engine is to be worked at about 100 lbs. pres- 
sure, and the consumption of coke is calculated at 10 lbs. per mile. In front 
of the driving wheels is the tank, which holds 220 gallons of water. The 
coke is carried in an iron box attached to the carriage. The carriage is a 
composite one, and will afford sitting-room for 16 first-class and 32 second- 
class passengers ; but by a slight alteration the same compartments might be 
made to accommodate 69 persons. The cylinders of the engine communi- 
cate with the axle through an intermediate crank shaft. This is connected 
with the axle by side-rods. 1 The trailing and centre-wheels run loose on 
their axles; the axles also run loose in their journals. The trips were run 
under great disadvantages. Being a new engine, her boiler is necessarily 
dirty, and she runs stiff. It was not till three or four journeys had been 
made that the priming could be kept down sufficiently to get anything like 
an effective working pressure in the cylinders. But, with these disadvan- 
tages, the little engine and carriage maintained a speed of 24 miles an hour 
tip 1 in 100, and 41 miles per hour down the same incline. About 30 per- 
sons were in the carriage and upon the engine during these trips. Another 
of these carriage engines is in the course of construction for the Eastern 
Counties lines. The boiler is to be the common horizontal one. In a few* 
days the Fairfield will, no doubt, be in pretty good working order. We shall 
then make a few more trips upon her, and be able to offer an opinion upon 
her speed and power. — Herald . 

London and North-Western Railway — Deterioration of Permanent Way . 
— It is stated a committee has been appointed by the directors of the Lon- 
don and North-Western Railway Company, consisting of Mr. Dockray, 
the resident engineer; Mr. M’Conneil, the locomotive superintendent; 
Mr. Madigan, the ballast-carrying contractor for the southern division of 
the line ; and Mr. Crampton, C.E.; for the purpose of discussing by what 
means the comparative deterioration of the permanent way, caused by heavy 
engines of different classes, may be ascertained. 

Certain Prevention of Explosions in Steam Engines.— It is impossible 
for the force of elastic steam to produce the breaking of engines and rending 
of boilers that so frequently occur, they are the work of the explosive 
principle, when disengaged from its combination with steam. Similar in 
its effects to lightning, it is identical with electricity in its distinctive pro- 
perties ; its velocities are in effect unlimited ; it is devoid of weight, and 
not subject to the laws of gravitation, which are inherent in all matter that 
has weight, and it is hence evident that it may be conveyed away by si- 
milar conductors. It is absolutely certain that the explosive principle is 
disengaged from steam as it is let into the cavity of the nozzle, or valve 
chamber, on the opening of the steam valve ; the pressure that kept them 
combined is then in great part taken off, until the cavity is filled with 
steam. There is no proper escape of the explosive element from tbe 
nozzle, which is heated, and in effect insulated, and the accumulation is 
highly dangerous ; but it may be safely carried off by proper conductors — 
those most convenient are small copper tubes. One end of a tube of proper 
length is to be terminated in the best manner for the diffusion of the electric 
fluid — the other end to enter the cavity of the nozzle, and have over its 
orifice a slight valve, kept by a spring a little open, to allow the explosive 
element to pass off by the tubular conductor, the valve to close by the force 
of steam, as the cavity becomes filled therewith. The conductors of a con- 
densing engine should be carried high enough above tbe water in which 
they terminate to preserve the vacuum. The security from explosions and 
breaking of engioes must be complete, the cost and trouble only nominal.— 
J. Wilder : N . Y. Tribune . 

Testing qf Metal at Woolwich Dockyard.— The trial of the large guns 
supplied to the Board of Ordnance, which has been carried on during the 
last 18 months, for the purpose of ascertaining the best description of gun, 
and the best metal supplied by contractors, has just been concluded, and 
Colonel Dundas, C.B., and Mr. Monk, deserve great credit for the excel- 
lence of their models. Tbe former 32- pounder gun, of 50 cwt., is now 
reduced on Colonel Dundas’s principle of construction to 25 cwt., effect- 


ing a saving of 1£ ton on each gun of that calibre — the average price of 
the metal being from 10L to 121. per ton. There is also a saving of 6 lb. 
of powder on each charge, the former charges beiog 10 lb., and the new 
pattern beiog found equally efficient with a charge of 4 lb. The guns 
cast at the Low Moor Foundry, in Yorkshire, have been fonnd to stand 
the heaviest charges when fired, and will consequently receive the largest 
orders. The expense of the trials has been considerable ; but the saving 
which will ultimately be effected, and the knowledge that no danger is 
now to be apprehended from the bursting of guns when placed on board 
of ships, or mounted for service in the garrisons, most give confidence in 
working them. A trial has also been made of a wrougbt-iron 9-pounder 
gun, submitted by Mr. Morgan, of Bristol, but it bad been found inappli- 
cable to the service, in consequence of the great recoil breaking the cap 
squares, or coverings, of the trunnions , 

Marine Compass . — A new invention, by Captain Sir Samuel Brown, 
K.H., patentee of the chain cables, has been exhibited in the Portsmouth 
Dockyard. It is a compass in a glass box, sustained by a small pillar 
with telescope slides, by which it can be elevated or lowered to any desired 
height. It is designed to obviate the local attraction of the ships. The 
card is transparent, and tbe whole apparatus will supersede the use of the 
binnacle. There is a mirror attached to it, on which the helmsman will be 
able to see the reflection of the compass card. A lamp will be placed 
over it at night. The whole is a most ingenious contrivance, and, if suc- 
cessful, will effect a great desideratum for the nautical world. 

Supply of Water from the New Red Sandstone. — We learn, from the 
Manchester Guardian , that tbe mayor of that town and several of the coun- 
cil, on the invitation of the directors of the Manchester and Salford Water- 
works Company, proceeded lately to the works of tbe company at 
Gorton, to witness the success with which a shaft bad been sunk 
into tbe new red sandstone. After inspecting the reservoir, they visited 
the chief object of attraction — the splendid new and powerful Cornish en- 
gine, which has just been put down by the company, and which was set to 
work to exhibit its great capabilities in pumping up a vast volume of the 
water obtained by sinking in the red sandstone to a depth of 70 yards. 
The water is stored by means of galleries from the main shaft, which serve 
as internal and subterranean reservoirs. The volume of water thus raised 
by this engine is estimated to be equal to about 2,000,000 of gallons per 
day, a quantity considerably exceeding the expectations of the company 
themselves. 

A New Method of Extracting Pure Gold from Alloys and from Ores . — 
The following method of obtaining pure metallic gold in the form of a 
spongy mass, has been practised by me for several years, and no account 
of the process has, to my knowledge, heretofore been published. It is very 
useful to the chemist and to the manufacturer, and is more economical than 
any other method that I am acquainted with. After separating the gold 
from silver, by means of a mixture of nitric and hydrochloric acids, as is 
usually done, the solution containing gold and copper is to be evaporated 
to small bulk, and the excess of nitric acid is thus driven off. A little 
oxalic acid is added, and then a solution of carbonate of potash, sufficient 
to take up nearly all the gold in the state of aurite ot potash is gradually 
added. A large quantity of chrystallised oxalic acid is now added, so as 
to be in great excess, and the whole is to be quickly boiled. All the gold 
is immediately precipitated in the form of a beautiful yellow sponge, which 
is absolutely pure metallic gold. All the copper is taken up by the excess 
of oxalic acid, and may be washed out. Boil the sponge in pure water so 
long as any trace of acidity remains, and the gold is then to be removed 
from the capsule, and dried on filtering-paper. It may be formed into rolls, 
bars, or thin sheets, by pressing it moderately in paper. I have made se- 
veral useful applications of the gold sponge thus prepared, and had a tooth 
plugged with it in October, 1846, to which purpose it is well adapted. By 
moderate pressure the spongy gold becomes a solid mass, and burnishes 
qui(g brilliantly. The jeweller or goldsmith will find spongy gold to be 
quite convenient when he requires it for a solder, and it is a convenient 
form of the metal for making an amalgam for fine gildiog. I have used it 
for some years in soldering platina, and prefer it to the filings of gold or 
foil for that purpose. This method of separating fine gold from coarse is 
very simple, and cheaper than the usual processes. It is applicable in the 
separation of gold from ores that may be treated by acids, and is vastly 
preferable to the method commonly used by chemists and assayers. When 
making oxide of gold for dentist’s use, the chemist will find that oxalic 
acid, added to this potassic solution, will at once recover all the gold that 
is dissolved in an excess of the alkaline solution. Many other applica- 
tions of this very simple method will occur to chemists and artisans.— C. 
T. Jackson: Sillimon’s Journal. 

Extraordinary Block of Granite.— A block of granite, containing upwards 
of 12,000 cubic feet of stone, and exceeding in weight 850 tons was lately 
dislodged at the granite quarries of Messrs. Freeman and Co., at Maen. 
A hole 9 feet deep having been bored, pound of powder, with which it 
was charged, produced a slight crack ; into this was thrown another charge 
of 33 lbB., which, on explosion, threw out this immense block several yards 
from its bed. Considering the largeness of some of the stones produced at 
these quarries, it is astonishing in how comparatively short a time they are 
prepared for exportation. A few days since, another large ^ock was un- 
seated, measuring when wrought 150 feet, audio weight 11 tons; the 
preparing and working of which was performed by a couple of men in 
a week. 
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Safety Pressure- Gauge for Gas- Works. — In the manufacture of gas there 
are many circumstances under which accidents are very likely to occur ; for 
instance, if the pipes which conduct the gas happen to become obstructed 
by deposits of crystalised napthaline, or carbonate, or hypo-sulphate of am- 
monia, there are great dangers of explosions. Any neglect in the compli- 
cated arrangements of the valves will form an obstruction, and by preventing 
the free flow of the gas generated in the retorts into the gasometers, an ex- 
plosion is the result. The only means at present in general use to call at- 
tention to the state of the gas in the tubes is the ordinary pressure gauge, 
which is, under many circumstances, insufficient, M. Magnier communi- 
cated at the last sitting of the Paris Academy of Sciences, a plan for an 
apparatus for giving timely warning of any obstruction to the passage of the 
gas, which is simple and inexpensive. He terms it a “ Safety Pressure- 
Gauge/* which consists of a small bottle-shaped vessel, with two orifices, one 
of which is attached to the glass tube forming the ordinary pressure-gauge. 
To the other of these orifices is attached a whistle, in such manner, that 
whenever any obstruction or excess of pressure occurs, a loud warning is 
given. Water is introduced into the pressure gauge, which communicates 
with the gas apparatus, on which the pressure is reproduced, and all the va- 
riations of pressure, to several inches of water, can be traced ; but if 
greater than ordinary, the water contained in the pressure-gauge is forced 
into the bottle, and the gas, in escaping through the orifice, acts on the 
whistle, producing a sound which gives notice of danger, and which sound 
becomes so much louder as the pressure increases, thus giving sufficient 
timely notice to avoid danger. 

A Novel Steam Engine. — Practical Application of Water in the Sphe- 
roidal State. — It will be remembered by our readers, that at the meeting of 
the British Association at Cambridge, a considerable sensation was produced 
by M. Boutigny, who brought before the meeting a series of experiments on 
what he calls the spheroidal state of water, and the remarkable phenomenon 
of freezing water in red-hot crucibles, under the influence of this peculiar 
condition. At a recent meeting of the Academy of Sciences at Paris, M. 
Boutigny announced, that by the persevering efforts of a young engineer, 
M. Testud de Beauregard, a steam-engine had been constructed, which was 
moved by the vapour of water in its spheroidal state. This is a machine of 
one-horse power, the boiler of which is to small that it can be easily carried 
in the pocket. It was also stated, that two other machines were in progress, 
one of two, and the other of four-horse power ; and that a third, of four 
hundred horse-power, was about to be made in England. From a commu- 
nication to La Presse , we learn that the boiler is placed in a bath of melted 
lead, and water projected in small quantities at a time upon its heated sur- 
face. The spheroidal state is produced, and although the temperature of 
the water never rises above 190 degs., the elastic force of the vapour given 
off is found to be very far superior to that of steam in its ordinary condi- 
tions; and if we understand the sotnewhat obscure description given, a por- 
tion of the water is decomposed, as in Professor Grove’s beautiful experi- 
ments; and the additional force of the gases is rendered available. We may 
briefly state, for the benefit of those who may not be familiar with Bou- 
tigny’s experiments, that if water is projected upon a metal-plate heated to 
dull redness, it is not vaporised at once, but it forms itself into a sphere, 
and rolling with great rapidity over the heated surface, evaporates with 
comparative slowness. This is the spheroidal state — a remarkable physical 
condition is produced, in which even the ordinary powers of chemical affi- 
nity are suspended, but the vapour of which appears to obey other laws 
than those of steam. We may therefore hope that we are on the eve of a 
great improvement in the employment of heat as a motive power. — [The 
above French invent ion is not new in England. Patents have been taken out 
in this country by Smith, Howard, an J others. — E d. C. E. & A. Journal.] 


LIST OF NEW PATENTS. 

GRANTED IN ENGLAND FROM OCTOBER 26, TO NOVEMBER 23, 1848. 
Six Months allowed for Enrolment, unless otherwise expressed . 

' Alfred Vincent Newton, of 66, Chancery- lane, mechanical draughtsman, for " certain 
Improvements In the manufacture of sleel.”— Sealed Nov. 2. 

Charles William Kesselmeyer, of Manchester, warehouseman, and Thomas Mellowdew. 
of Oldham, for " certain Improvements in the manufacture of velvets, velveteens, and 
other similar fabrics.”— Nov. 2. 

Charles Dawson, of Hardinga-atreet, Islington , professor of mOstc, for " certain Im- 
provmonts in musical instruments, and in apparatus to be used in connection with mu- 
sical instruments.” — Nov. 2. 

Robert Thomson Pattlson, of Glasgow, printer, for " an Improved preparation or mate- 
rial for fixing paint, or pigment colours, on cotton, linen, woollen, silk, and other woven 
fabric®.”— Nov. 2. 


James Hart, of Bermondsey-square, engineer, for " Improvements in machinery for 
manufacturing brick, sapd, and tiles, parts of which machinery are applicable to mould- 
ing other substances.” — Nov. 2. 

William Weild, of Manchester, mechanical draughtsman, for " certain Improvements 
In machinery for spinning cotton and other fibrous substances.”—- Nov. 2 

Richard Bright, of Bruton-slreet, Middlesex, lamp manufacturer, for " ImprovemVAlfi, 
in lamps, wicks, and covers for vessels for holding oil and other fluids.”— Nov. 2. 

Robert Walter Winfield, of Birmingham, manufacturer, for " certain Improvements in 
the constrnctlon and manufacture of metallic bedsteads, couches, and sofas."— Nov. 2. 

John Harris, of Richard's- terrace, Rotherhithe, Surrey, engineer, far " a mode or modes 
of founding type, &c., and of casting in metal, plaster, and certain materials.”— Nov. 2. 

James Robertson, of Liverpool, cooper, for " a mode or modes of consuming smoke 
and other gaseous produets arising from fuel and other substances.”— Nov. 2. 

Richard Archibald Brooman, of Fleet-street, London, gentleman, for "certain Im- 
provements in the manufacture of hinges, and the machinery or apparatus used therein.” 
Nov. 2. 

William Bullock Tibblts, of Bramston, Northampton, gentleman, for " Improvements 
in obtaining, applying, and controlling motive power, parts of which improvements are 
applicable to the raising and forcing of liquids.”— Nov. 2. 

Francis Gybbon Spllsbury, of St. John's Wood, gentleman, for “ Improvements in 
paints and pigments.” — Nov. 2. 

George Arthur Biddle, of Ipswich, engineer, for “ Improvements applicable to gas 
burners.” — Nov. 2 

Meyer Jacobs, of Spitalflelds, Middlesex, gentleman, for "certain Improvements In the 
manufacture, stamping, and treating generally, of woven fabrics of all kinds.’*— Nov. 2. 

Thomas John Knowlys, of Heysham Tower, near Lancaster, gentleman, for “ Improve- 
ments in the application, removal, and compression of atmospheric air.”— Nov. 2. 

George Henry Bachhoffner, of the Royal Polytechnic Institution, London, doctor o f 
philosophy, professor of natural philosophy, for " Improved means of transmuting, com- 
municating, or conveying intelligence.”— Nov. 4. 

Joseph Cooper, of Walworth, tailor, for " Improvements in fastenings for wearing an- 
parel.”— Nov. 4. 5 \ 

Charles lies, of Birmingham, machinist, for " Improvements In the manufacture of 
certain descriptions of dress fastenings, and in tbe making up of dress fastenings and 
other articles for sale." — Nov. . 

Henry Kempton, of Pentonville, Middlesex, gentleman, for " Improvements in reflec- 
tors and apparatus for artificial light.” — Nov. 7. 

Moses Poole, of the patent bill office, London, gentleman, for "certain Improvements 
in machinery for makiug nails.” (A communication.)— Nov. 7. 

James Napier, of Swansea, operative chemist, for " Improvements In the manufacture 
of copper and other metals, and alloys ot metals.”— Nov. 2. 

Richard Coad, of Bennington, Surrey, chemist, far " Improvements !u the construction 
of blast and other furnaces and fire-places.” — Nov. 9. 

James Anderson, of Abbotsferd-place, Glasgow, starch manufacturer, for "a certain 
Improved mode of separating the different qualities of potatoes and other vegetables.”— 
No v. 11. 

Alexander Parkes and Henry Parkes, of Birmingham, for " Improvements in the ma- 
nufacture of metals and alloys of metals, and In the treatment ot metallic matters, with 
various substances.”— Nov. 11. 

John Browne, of Osnaburgh-street, Middlesex, gentleman, for " Improvements in fire 
escapes, and in apparatus to facilitate persons employed in cleaning windows.*’— Nov. 11. 

Alexander Balfour, of Dundee, Scotland, leather merchant and manufacturer, for " Im- 
provements in apparatus for cutliug metal washers and other articles, and in the con* 
struction of buffers.”— Nov. 16. 

Samuel Adams, of West Bromwich, Stafford, organist, for " Improvements in mills for 
grinding.”— Nov. 16. 

William Wilkinson, of Farrow, near Gateshead, Durham, coke manufacturer, far 
*' certain Improvements in the construction of coke ovens, and in the machinery or appa- 
ratus to be connected therewith.” — Nov. 16. 

Thomas Masters, of Regent-street, for " certain Improvements in apparatus for making 
aerated waters, and in apparatus for charging bottles and other vessels with gaseous 
fluid s also Improvemtnts In bottles aod other vessels, and in apparatus for drawing off 
liquids; in securing corks or stoppers in bottles or other vessels, and in tops and vent 
pegs.’*— Nov. 18. 

Thomas Cnllen, of the city of London, gentleman, for " Improvements In apparatus 
for steering ships and other vessels.”— Nov. 18. 

John Juckes, of Rosamond-cottage, Fnlham, gentleman, for "Improvements In fur- 
naces and fire-places.” — Nov. 18. 

Alexander McDougal, of Longslght, Manchester, chemist, and Henry Rawson, of Man* 
cheater, agent, for " Improvements in the manufacture of sulphuric acid, nitric acid, 
oxalic acid, chlorine, and sulphur.”— Nov. 21. 

John Oliver York, of 24, Rne de la Maldelelne, Paris, engraver, for " Improvements in 
the manufacture of metallic tubes.”— Nov. 21. 

William Hood Clement, of Philadelphia, for "certain Improvements in the manufac- 
ture of sugar, part of which improvements are applicable to evaporation generally : also 
Improved apparatus for preparing the cane trash to be used as fuel.”— Nov. 21. 

Henry Newson, of Smethwick, near Birmingham, for " Improvements In trusses 
Nov. 23. 

Hugh Bell, of London, gentleman, for "certain Improvements la aerial machines, and 
machinery in connection with the buoyant power produced by gaseous matter.”— Nov. 23 

Christian Schiele, of Manchester, mechanician, for " certain Improvements in tbe 
construction of cocks or valves, which im provements are also applicable for reducing the 
friction of axles, journals, bearings, or other nibbing surfaces lu machinery in geoeial." 
Nov. 23. 

Peter Llewellln, of Bristol, brass and copper manufacturer, and John Hammons, of the 
same place, bravs-founder, for " Improvements in the manufacture of cocks or valves for 
drawing off liquids.”- Nov. 23. 

Henry Archer, of Great Gsorge-street, Westminster, gentleman, for " Improvements 
In facilitating the division of sheets or pieces of paper, parchment, or other similar sub* 
stances.”— Nov. 13. 

Frederick Bramweil, of Mill-wall, Poplar, engineer, and Samuel Collet Homersham, of 
the Adelphi, gentleman, for " Improvements in feeding furnaces with fuel.”— Nov. 23. 
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